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Special Project Title Miniature Analog Signal Sender

Name Miss Wanpen  Sakulkitpaibool
Mr.Suppakun Wattanakaroon

Special Project Advisor Assoc.Prof Surapol  Rakvijai
Asst.Prof Wichit  Sirichote

Department Applied Physics
Acadamic Year . 1985
Abstract

A miniature analog signal sender has been developed for using in
the application of measuring analog signal remotely. The sender is capable of
measuring the analog signal ranging from -89 mV to +989 mV with a resolution of
1 mV. The analog-to-digital converter used in the sender is a dual slope integrating
type. The converter is choose for best performance of measuring a slowly varying
analog signal with a sampling rate of 96 Hz. The 20 pins microcontroller chip,
AT89C2051 controls the converter and signaling transmitted digital data to the host
computer via three communication channels; i.e. 1.) EIA RS232C for short range
link, 2.} a 20 mA current loop for long range link and 3.} Infrared link. The first and
second links use copper wire for connection while the latter is wireless link
designed for hard-to-reach by wire applications. The sender is very small and
compact in size which can easily move and suitable for many applications .
In addition, we also have developed an automatic scanner using for commanding
and recording digital data sent by the senders with the sampling penod can be

programmed easily.
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F_ADD
S_ADD
CHE_SUM
F_CEN

3_CEN

SOH
EOT

COMMA
NEGA
OVER
BAUD_12
BAUD_24
BAUD_96
STRACK
BUFF1
BUFF2
BUFF3
BUFFP
ASI_T

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG

ORG

SENDER ADDRESS " 01"

30H ; Fisrt ascii address of SENDER "0 "
31H ; Second aseii address of SENDER “ 1 "
4BH ; Byte cheok sum
S0H ; First byte address of CENTER
S51H ; Seoond byte address of CENTER
01H . ; Asoli " SOH "
04H 3 Aseli "EQOT "
2FH ;Aseii * /"
6DH ; Asoii Return
0AH ; Asoii Line Feed
2CH ; Aseii Comma ", "
2DH ; Aseii " - " use in negative
45H ; Aseii " E " use in overflow
OES8H ; Baud rate 1200 bps
OF4H ; Baud rate 2400 bps
OFDH ; Baud rate 9600 bps
60H ; Address STRACK POINTER
30H ; First Buffer read data
31H ; Seoond Buffer read data
32H ; Third Buffer read data
33H ; Buffer PCON
't ; Aseii "t"
0000H
MAIN
0030H
Initial Serial port

initial serial port boud rate 1200,4800,9600,19200 bps



INTL MOV TMOD,#00100101B ; Initial serial port
MOV SCON,#01010010B
MOV PCON,#00000000B

MOV TH1#BAUD_12 ; 1200 bps
JB P34]INT_1
MOV TH1#BAUD _24
MOV PCON,#10000000B ; 4800 bps
STMP INT 3

INT_1: B P35INT_2
MOV TH1#BAUD_96 ; 9600 bps
SIMP INT_2

INT_3: jB P35INT_2
MOV TH14#BAUD_96 ; 15200 bps
MOV PCON#10000000B

INT_2: SETB TR1
RET

: Check Key REAL TIME
; Cheok key (P3.7) : HI = transmit
; LO = Real Time

CHECK_KEY: MOV S_CEN#00H
MOV F_CEN#00H

JNB P3.7,CHK 1
CLR FO
SIMP RE_T
CHK_L: SETB FO
RE_T RET
; Send data of Serial port

; input register A data to send

SEND: PUSH 07H
JNB 'TLS$ ; Send data to serial port



CLR I
MOV SBURA
MOV R7#10H

DINZ R7.$
POP 07H
RET

: Receive data of Serial port

; output register A data to receive
RECIVE: JNB RL3 ; Receive data of serial port
CLR RI

MOV A,SBUF
ACALL  FILLTER

; Fillter Data

FILLTER: CINE ABASI_TFILL 1

RET
FILL_t: CINE AAMINFILL_2
RET
FILL_2: CINE A#CRFILL_3
RET
FILL _3: CLR "
CINE A#30HFILL 4
FILL -4: INC FILL_S
POP SFH
POP SFH
SIMP RECIVE
FILL_S: CLR C
CINE A#3AHFILL_6
FILL_6: iC FILL_7



FILL_T7:

SD_COM:

SD_CR_LFE:

BIN_ASCIL:

POP SFH
SIMP RECIVE

RET
Send COMMA
MOV A#COMMA ;Send ", "
ACALL  SEND
ADD A,CHE_SUM ; Cheek Sum
MOV CHE_SUM,A
RET
send CR & LF
MOV A#CR ; Send Return
ACALL,  SEND
MOV AALE ; Send Linc Feed
ACALL SEND
RET
Binary to Ascii
Convert Binary to Aseii oode
entry A
exit A
PUSH 07TH
ANL A#OFH
MOV R7A
CLR c

SUBB A#0AH

NC ASCII_AF2
MOV AR7

ADD A#30H
POP  O7TH



ASCI_AF2 MOV AR7?
ADD A#ITH

POP 07H
RET

; Byte (2 digit) to Ascii
: Convert A to asoii and SEND

BYTE_ASCI: MOV BA
ACALL  BIN_ASCHO

ACALL  SEND
MOV AB
SWAP A

ACALL  BIN_ASCO
ACALL SEND

; Send bottom of package
; send Check Sum & send EQT
; Cheok sum send by binary type

SD_BOTTOM: MOV A,CHE_SUM ; Send check sum

ACALL  BYTE_ASCI

MOV ABEQT ; "EOT "
ACALL SEND

RET

; Check OYERFLOW & NEGATIVE
; move overflow data to 'B' & move negative data to '-'

; input register A output register A

CH_READ: CJNE A#3AHREI1 ; Check OVERFLOW & NEGATIVE data
MOV A#NEGA HAE

SIMP RE2
RE1: CINE A#3BHRE2



MOV A#OVER ;“E°
RE2 RET
; Send Ascii of data
; data to eonvert is LOW byte & HIGH byte must 0000____H

; input data to send in register A

: & check OVERFLOW and NEGATIVE

SEND_ASC: ADD A#30H
ACALL CH_KREAD ; Check overflow & negative
ACALL  SEND
RET

; Send data 8 Channels
; Send data of RAM 33H - 4AH

SEDATA: PUSH 01H
MOV RO#32H ; Initial counter to out data
MOV R1,#00H
seda_1: INC RO
MOV A,@R0O
ACALL SEND _ASC

ADD A,CHE _SUM ; Cheok sum
MOV CHE_SUMA
INC R1

CINE R1,#03H,SEDA _2
MOV R1,400H
ACALL SD_COM

SEDA _2: CINE RO#4AH,SEDA _1 ; Cheok Final data
POP 01H
RET

; Send Header of data package
; Format SOHF_CEN S_CEN <F_ADD S_ADD, Data 8 channels , Check sum EOT

; Cheek sum start at F_CEN end at comma " , " before Data 8 channels



SD_HEAD:

SEND_DATA:

MOV
ACALL
MOV
ACALL
MOV
MOV
ACALL

MOV
MOV
ACALL

MOV
MOV
ACALIL

MOV
MOV
ACALL

MOV

ACALL
ACALL
ACALL
ACALL
ACALL

A#SOH
SEND
AF_CEN
SEND
CHE_SUM,A
A,S_CEN
SEND
A,CHE_SUM
CHE_SUM,A
ASMIN
SEND
A,CHE_SUM
CHE_SUMA
A4F_ADD
SEND
A,CHE_SUM
CHE_SUM,A
A#S_ADD
SEND
A,CHE_SUM
CHE_SUM,A

; n SOH "
; First address of CENTER ‘

; Initial Cheok sum

; Seoond address of CENTER
; Check sum

I

; Cheek sum

; First address of SENDER

; Cheek sum

; Second address of SENDER

; Cheok sum

Send data to Center

SD _HEAD
SD_COM
SEDATA
SD_BOTTOM
SD_CR_LFP

; Send Header of package

; Send Asoii COMMA ", "
; Send data 8 channels

; Send Bottom of package
; Send CR & Send LF



DELAY:

LOOP:

PUSH

“PUSH

MOV
MOV
DINZ
DINZ
POP
POP

0SH

O6H
R6#07H
RS540FCH
RS$
R6,LOCP
06H

0SH

Delay 4 ms

Read data to get to Buffer

read data A/D reoeive in 30H , 31H , 32H

MOV
DINZ
MOV
SWAP

MOV
ACALL
MOV
SWAP

MOV
ACALL
MOV
SWAP

MOV

P133%
P133%
R6#0AH
R6.$
APl

A
AH#OFH
BUFFL A
DELAY
APl

A
A#0FH
BUFF3A
DELAY
APl

A
A#0FH
BUFFZA

; Cheek bit DRIVER of A/D

; Delay to read data first data

; Read first data

; BUFFER 1

; Delay 4 ms

; Read second data

; BUFFER 2
; Delay 4 ms
; Read third data

; BUFFER 3



DE_READ:

SCAN:

Read data & Get data of A/D to RAM
input counter by register RO
Get data 8 chennal in 33H - 4AH

PUSH 07H

MOV R7#03H ; Delay to read data of A/D 12 ms
ACALL DELAY ; Delay 4 ms

DINZ R7,CH

ACALL  READ ; Read data Multiplexer
INC RO ; Inorese buffer to receive
MOV @RO,BUFF1 ; Got data first byte

INC RO

MOV @RO,BUFF2 ; Get data second byte
INC RO

MOV @ROBUFF3 ; Get data third byte

POP 07H

RET

Scan Multiplexer
Sean & Initial counter to get data in RAM 33H - 4AH

MOV RO#32H ; Initial buffer to receive 32H to 4AH
MOV P14#0F8H ; Channel 1

ACALL. DE_READ

MOV P1,#0FSH ; Channel 2

. ACALL  DE_READ

MOV P14#0FAH ; Channel 3
ACALL DE_READ
MOV P1#0FBH ; Channel 4
ACALL  DE_READ
MOV P1#0FCH ; Channel 5
ACALL DE_READ



CHECK:

MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV

Format:

P1,#0FDH
DE_READ
P1,#0FEH
DE_READ
P1#0FFH
DE_READ
P1,#0F8H

; Channel 6

; Channel 7

; Channel 8

; Channel 1

Check data receive of CENTER

no cheok sum

ACALL  RECIVE

CINE A#ASI_T,CHECK
MOV IE#00H

ACALL  RECIVE

CINE A#F_ADD,CHECK
ACALL  RECIVE

CINE A#S_ADD,CHECK
ACALL  RECVE

CINE A#MIN,CHECK
ACALL  RECIVE

MOV F_CENA

ACALL  RECIVE

MOV S_CENA

MOV A,F_CEN

CINE A#F_ADDEXIT
MOV AS_CEN

CINE A#S_ADDEXIT
SIMP CHECK

ACALL RECIVE

CINE’ A#CR,CHECK

SOH F_ADD S_ADD < F_CEN S_CEN

,ntu

; Clear Interrupt Serial Port

; Cheok first address of sender

; Cheok scoond address of sender

; " l 1)

; Get first address of CENTER

; Get seoond address of CENTER

; Cheok first address of SENDER wiil-

; not equa first address of CENTER

; Check seeond address of SENDER will-

; not equa seoond address of CENTER

; " Return "



SUMAIN:

SUB

1

- MOV

DINZ
MOV
ACALL
ACALL

ACALL
ACALL
ACALL
SIMP

Main Program

RO#00H

RO,$
SP#STRACK
CHECK_KEY
N
FO,SUB_1
CHECK
SCAN

SEND _DATA
SUMAIN

; Power up delay

; Set strack pointer

; Cheeck key Real Time

; Initial Serial port

; Check bit to REAL TIME
; Check data of Center

; Sean data of Multiplexer

; Send data to Center
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] RECEIVER

SOH EQU 01H ; Asoii " SOH "
EOT EQU 04H ; Assii " BOT *
MIN EQU 2FH ;Aseit " f "
CR EQU 0DH ; Ascii Return
LF EQU 0AH ; Ascii Line Feed
COMMA EQU 2CH +; Asoii Comma ", "
NEGA EQU 2DH ; Aseii " - " use in negative
OVER EQU 45H ; Asqii " E " use in overflow
BAUD_12 EQU 0ES8H . ; Boud rate 1200 bps
BAUD_24 EQU OP4H ; Baud rats 2400 bps
BAUD_96 .EQU OFDH ; Baud rate 9600 bps
STRACK EQU 60H ; Address STRACK POINTER
CHECKSUM EQU 50H
BUFFSUM  EQU S1H

ORG 0000H

LIMP = MAIN

ORG 0030H
; Initial Serial port
: initial serial port boud rate 1200,9600,19200 bps

INTL: MOV TMOD #00100010B ; Initial serial port
MOV SCON,#01010010B
MOV TH14BAUD_12 ; 1200 bps
B P1.7INT_1

MOV TH14BAUD_24
MOV PCON,#10000000B ; 4800 bps
SIMP INT_3

INT_L: B P16INT_2



INT_3

INT_2:

SEND:

RECIVE:

FILL_1:

MOV
SIMP
B

MOV
MOV
SETB

TH1 #BAUD _%6 ; 9600 bps
INT_2

P16]INT_2

THI #BAUD_%6 ; 19200 bps
PCON#10000000B

TR1

Send data of Serial port

input register A data to send

JNB
CLR
MOV
RET

TL$ ; Send data to serial port
TI
SBUF A

Receive data of Serial port

output register A data to receive

MOV

ACATL,
XCH

XCH

RIS ; Receive data of serial port
RI

A, SBUF

FONO_FILL

FILLTER

A, CHECKSUM

A,CHECKSUM

A,CHECKSUM

A#00H,FILL

A#LEFILL 1

ASMINFILL. 2



FILL _2:

FIILL._3:

FILL _4:

FILL_S:

FILL &

FILL _7:

FILL _8:

FILL _10:

FILL _11:

FILL 13

FILL _14:
FILL _15:

FILL_12Z

JNC
poP
POP

Ic

JC
poP
pPOP
SIMP

INC
POP
POP

A#CRJFILL_3

»

A#COMMAFILL _
A#SOHFILL_S
A#EOTFILL_6
A#NEGA FILL_7

A#OVERFILL 8
C
AM30HFILL _9
FILL_10

SFH

SFH

RECIVE

A#BAFLFILL 11
FILL_12
AB4THEILL 13
FILL 14

SFH

SFH

RECIVE
A#IHFIL_15
FILL_12

SFH

SFH

RECIVE



Send 2 Byte & Recive 2 Byte
; Data in Register A to Serial port (2 byts)
Serial port to Register A (2 byte)

Send Byte
SEND 2 EYTE HEX FROM A

; IN =A

; REG = AR2R3

SBYTE: LCALL HTOA
MOV AR2

LCALL SEND
MOV AR3
LCALL SEND

Recive Byte

; READ HEX-ASCIO FROM SERIAL (2 BYTE)
OUT = A

; REG = ARZR3

RBYTE: LCALL RECIVE
MOV R2A
LCALL RECIVE

MOV R3A

LCALL  ATOH

RET
: Htoa Sub
. CONVERT HEX TO ASCI
; IN =A

, OUT = R2R3



HTOA.

HTOAS:

HTOAS1:

ATOIL

REG = AR2R3

PUSH ACC
SWAP A
LCALL HTOAS
MOV R2A
POP ACC
LCALL HTOAS

MOV R3A
RET
ANL A$0FH

CINE ABOAH,$43

INC HTOAS1
ORL A, #30H
RET

SUBEB A#9
ORL A#40H

ASCII TO HEX CONVERT

IN =R2R3
OUT=A

REG =ARZ

MOV ARZ
LCALL ATOHS
SWAP A
MOV R2A
MOV AR3

LCALL  ATOHS
ORL  AR2



ATOHS: CINE A#A $+3
IC ATOHS!1
ADD A#9
ATOHS!1: ANL A #0FH
RET
; Send Data
SEN_DATA: MOV RO#30H
MOV AM#SOH

ACALL SEND
MOV A,@RO
INC RO

ACALL SEND

MOV A,@RO
INC RO
ACALL SEND
MOV A#MIN

ACALL  SEND
MOV ~  A@RO
INC RO
ACALL  SEND
MOV A,@RO
INC RO
ACALL  SEND
MOV  A#COMMA
ACAIL SEND
MOV  RIH#08H
LOOP_SEN: MOV  A,@RO
INC RO
ACALL  SEND



CHECK:

MoV
INC
ACALL
MOV
INC
ACALL
MOV
ACALL
DINZ
MOV
INC
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

MOV

ACALL

MOV
ACALL
MOV
INC
ACALL
MOV
INC °

A,@RO

RO

SEND
A,@RO

RO

SEND
A#COMMA
SEND
R1,LOOP_SEN
A,@RO

RO

SBYTE
AHFBOT
SEND
AMCR
SEND
AMLE
SEND

Receive Data

RO,#30H

RECIVE
A#SOH,ERROR
CHECKSUM,#00H
RECIVE

@ROA

RO

RECIVE

@ROA

RO



LOOP_CH:

ACALL

ACALL
MOV

. INC

ACALL
MOV
INC

ACALL’

MOV
ACALL
MOV
INC
ACALL
MOV
INC
ACALL
MOV
mC
ACALL

DINZ
MOV
SWAP
MOV
ACALL

MOV
ACALL

ACATLL

RECIVE
A#MIN.ERROR
RECIVE

@ROA

RO

RECIVE

@ROA

RO

RECIVE
A#COMMA ERROR
R1#08H
RECIVE

@ROA

RO

RECIVE

@ROA

RO

RECIVE

@ROA

RO

RECIVE

A #COMMA ERROR
R1,LOOP_CH
A,CHECKSUM
A

BUFFSUMA
RBYTE

A BUFFSUM,ERROR
@R0O.A

RECIVE
AMEOT.ERROR
SEN_DATA



ERROR:

SUMAIN:
SUMAIN _1:

IN_OUT:
IN_OUT_1L:

RET

MOV
DINZ
MOV
ACALL

SETB
ACALL
SIMP
SETB
ACALL
ACALL
SIMP

ACALL
ACALL

RO#00H

RO

Main Program

SP#STRACK

INTI

P15IN_OUT

P14,SUMAIN

Fo
CHECK
CHE

FO
RECIVE
SEND

SUMAIN_1

FO
RECVE
SEND

IN_OUT_1

; Power up delay

; Set straok pointer

; Initial Serial port
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; SCANNER " 99 "

STRACK  EQU 60H ; Address STRACK POINTER
BAUD_12 EQU OESH ; Baud Rate 1200 bps
BAUD_24 EQU OF4H ; Baud Rate 2400 bps
BAUD_S6 EQU O0FDH ; Baud Rate 9600 bps
1.0 EQU P14 ' ; /O of RTC

SCLK EQU P15 ; SCLK of RTC

RST EQU P16 ; RST of RTC

R EQU 'Y ; Asoil "r"

w EQU 'w' ; Aseii "w"

3 EQU 's' ; Aseii “s"

G EQU 's' ; Aseii "g"

T EQU i ; Aseii “t"

MIN EQU r ; Aseoil "

COLON EQU % ; Aseoil "

SPACE EQU P s Aseii " "

COMMA EQU ',‘ - ; Aseii "

NEG EQU ; Ascii "-"

CR EQU ODH ; Asoii RETURN

LF EQU 0AH : Asocii LINE FEED
SOH EQU 01H

EOT EQU 04H

A_DATE EQU 30H ; Address of DATE
A_MONTH EQU 31H ; Address of MONTH
A _YEAR EQU 32H ; Address of YEAR
A_HOUR EQU 33H ; Address of HOUR
A_MINUTE EQU 34H ; Address of MINUTE

A_SECOND EQU’ 35H ; Address of SECOND



AS_HOUR

EQU
AS_MINUTE EQU

AS_SECOND EQU

B_HOUR
B_MINUTE
B_3SECOND

NUMBER_ADD EQU

EQU
EQU
EQU

START_ADD EQU

ADD_SCAN

R_DATE
R_MONTH
R_YEAR
R_HOUR
R_MINUTE

R_SECOND

W_DATE
W_MONTH
W_YEAR
W_HOUR
W_MINUTE
W _SECOND
W_PROT
BUF_ADD
CHECKSUM
CHECK_S3
FLAG_RAM

EQU

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU

36H

38H

39H
3AH
3BH

3CH
3DH

99H

87H
89H
8DH
3SH
83H
81H

86H
88H
8CH
84H
82H
80H
SEH
20H
21H
22H
30H

; Address of Soan HOUR
; Address of Sean MINUTE
; Address of Scan SECOND

. Address of Buffer HOUR
; Address of Buffer MINUTE
; Address of Buffer SECOND

.; Address of number of address sender

; ADDRESS OF SCANNER

; Command Read DATE
; Command Read MONTH
; Command Read YEAR
; Command Read HOUR
; Command Read MINUTE
; Command Read SECOND

; Command Write DATE
; Command Write MONTH
; Command Write YEAR
; Command Write DATE
; Command Write MONTH
; Command Write YEAR

; Command Write Proteot

; Address CHECK SUM
; Address to compare

; Bit address of RAM HIGH



FLAG_STA EQU 31H ; Bit address status of P1.7

ORG 0000H
LIMP MAIN

ORG 0030H
; Initial Serial port
; ' initial serial pert boud rats 1200,4800,9600,15200 bps

INTL MOV TMOD,#00100010B ; Initial serial port
MOV SCON,#01010010B
MOV TH1#BAUD_12 ; 1200 bps
1B P1.0JNT_1 '
MOV THIH#BAUD _24
MOV PCON,#10000000B ; 4800 bps
SIMP INT_3

INT_1: JB P1.1INT_2
MOV TH1#BAUD _9%6 ; 9600 bps
SIMP INT_2

INT_3: JB P1.1INT_2 =
MOV TH1#BAUD_96 ; 19200 bps
MOV PCON,#10000000B

INT_2: SETB TR1
RET

: Send data of Serial port

: input register A data to send

SEND: JNB TL¥ ; Send data to serial port
CLR TI
MOV SBUF.A

XCH A,CHECKSUM
ADD A,CHECKSUM



RECIVE_T:

AGAIN:
GET_RIL

READY:

DELAY RTC: PUSH

XCH

A,CHECKSUM

Receive data of Serial port

output register A data to rescive

CLKR
MoV
XCH

XCH

SETB
SETE
MOV
MOV
B

DINZ

DINZ

MOV

RLS ; Receive data of serial port
RI

ASBUF

A,CHECKSUM

A,CHECKSUM

A,CHECKSUM

Receive with TIME OUT

RS0

RSt

R7#00H

R6,#00H

RIREADY ; Receive data of serial port
R6,GET _RI

R7.AGAIN

A#OFFH

RS0

A,SBUF
RS0
RS1

Delay REAL TIME CLOCK

00H



SCLKW:

SCLKR:

READ_RTC:

BYTERDI:

MOV RO#0SH

DINZ RO
POP 00H
RET

Clock to Write Data
clogk in pin SCLK

CLR SCLK
ACALL.  DELAY _RTC
SETB SCLK
ACALL  DELAY_RTC
RET
Clock to Read Data
slock in pin SCLK

SETB SCLK
ACALL  DELAY_RTC

CILR SCLK
ACAIL.  DELAY _RTC
RET

Read REAL TIME CLOCK
read data from REAL TIME CLOCK 6 byte dd/mm/yy hh:mm: 55

R6 keep Command word

R7 keop Data
CLR RST
CLR SCLK
SETB RST

ACALL DELAY_RTC
MOV B#08H

CLR c

MOV ARS



RRC A

MOV R6A

MOV I1_0,C

ACALL  SCLKW

DINZ B.BYTERD1

MOV B#08H

MOV R7400H
BYTERD2:  ACALL  SCLKR

MOV AR7

MOV CI_O

RRC A

MOV R7A

DINZ B,BYTERD2
CLR RST

ACALL  DELAY_RTC

; Write REAL TIME CLOCK
; write data to REAL TIME CLOCK 6§ byte ddfmm/fyy hh:mm:ss
: R6 keep Command word

; R7 keep Data

WRITE_RTC: CLR RST
CLR SCLK
SETB RST

ACALL. DELAY_RTC
MOV B.#08H

CLR c
BYTEWRL: MOV AR6

RRC A

MOV ReA

MOV I_o,C
ACALL SCLKW



DINZ B,BYTEWR1
MOV B#08H

CLR C
BYMZ: MOV AR7
RRC A
MOV R7A
MOV I_.60C

ACALL  3CLKW
DINZ B.BYTEWR2
CLR RST

ACALL  DELAY_RTC

RET
; Send CR & LF
SEND _CR_LF: MOV A#CR

ACALL,  SEND

MOV A#LP

ACALL  SEND

RET
; Send CR
SEND _CR: MOV A#CR

ACALL  SEND

RET
; Send COMMA

SEND _COMMA: MOV  A#COMMA
ACATIL SEND
RET
; Send COLON

SEND_COLON: MOV A#COLON



ACALL  SEND

; . Send SPACE

SEND_SPACE: MOV A#SPACE

ACALL SEND

RET
; Send MIN “/*
SEND_MIN: MOV A#MIN

ACALL  SEND

RET
; Send " t"
SEND_T: MOV A#t

ACALL  SEND

RET
; Read Time
; Read Data from RTC

READ _TIME: MOV R6#R_DATE
ACALI. READ_RTC

MOV A_DATER7
MOV R6,#R _MONTH
ACALL  READ_RTC
MOV A_MONTHR7?
MOV R6#R _YEAR

ACALL READ_RTC
MOV A _YBARR7?
MOV R6#R_HOUR
ACALL READ _RTC
MOV A_HOURKR?

; Command read DATE

; Keep data in Address of DATE
; Command read MONTH

; Keep data in Address of MONTH
; Command read YEAR

; Keep data in Address of YEAR
; Command read HOUR

; Keep data in Address of HOUR



SBYTE:

MOV
ACALL
MOV
MOV
ACALL
MOV

R6,#R_MINUTE ; Command read MINUTE
READ_RTC

A_MINUTBR?7 ; Keop data in Address of MINUTE
R6#R_SECOND ; Command read SECOND
READ_RTC

A_SECONDR7 ; Keep data in Address of SECOND

Send 2 Byte & Recive 2 Byte

Data in Register A to Serial port (2 byte)

Serial port to Register A (2 byts)

Send Byte:

SEND 2 BYTE HEX FROM A

IN =A

REG = AR2R3

LCALL  HTOA

MOV AR2

LCALL  SEND

MOV AR3 )
LCALL ~ SEND

RET

Recive Byte

READ HEX-ASCIO FROM SERIAL (2 BYTE)

OUT = A

REG = AR2R3
LCALL  RECIVE
MOV R2A
LCALL  RECIVE
MOV  R3A



HTOA.:

HTOAS:

HTOAS!L

LCALL.  ATOH

RET
Htoa Sub
CONVERT HEX TO ASCI
IN =A
OUT = R2R3
REG = ARZR3
PUSH ACC
SWAP A

LCALL HTOAS
MOV R2A
POP ACC
LCALL HTOAS

MOV R3A
RET
ANL A#O0FH

CINE A#CAH$+3

INC HTOAS!1
ORL A#30H
RET

SUBB ARS
CRL A#40H
RET

Atoh Sub
ASCI TO HEX CONVERT
IN =R2R3
OUT = A
REG = AR2



ATOH:

ATOHS:

ATOHS!L:

SEND_TIME:

MOV
LCALL
SWAP
MOV
MOV

AR2
ATOHS
A

R2A
AR3
ATOHS
AR2

AFA'S+3
ATOHS!1
AH9
A#OFH

Send Time

Send time to Central Station

ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL

SEND_CR_LF
AA_DATE
SBYTE
SEND_MIN
AA_MONTH
SBYTE
SEND_MIN
AA_YEAR
SBYTE

SEND _SPACE
AA_HOUKR
SBYTE

SEND _COLON
AA_MINUTE
SBYTE
SEND_COLON



MOV
ACALL

WRITE_TIME: MOV
MoV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV

ACALL

MOV
MOV
ACALIL
MOV
MOV
ACALL

AA_SECOND
SBYTE

Write time

R64W _PROT
R7#00H
WRITE_RTC
R6#W _DATE
R7A_DATE
WRITE_RTC
R64W_MONTH
R7.A_MONTH
WRITE_RTC
R64W_YEAR
R7.A_YEAR
WRITE_RTC
R6#W_HOUR
R7,A_HOUR
WRITE_RTC
R6#W_MINUTE
R7.A_MINUTE
WRITE_RTC
R64W _SECOND
R7,A_SECOND
WRITE_RTC
R6#W_PROT
R7480H
WRITE_RTC



Recive time

; DD/MM/YY HH:MM:SS

REC_TI_DATE: ACALL
CINE
ACALL
MOV
ACALL

ACALL
MOV
ACALL
CINE
ACALL
MOV
RE_WRITE_L: RET
REC_TI_HOUR: ACALL
CINE
ACALL
MOV
ACALL

ACALL
MOV
ACALL

ACALL
MOV
ACALL

RE_WRITE_2 RET
RECIVE_TIME; ACALL

RECIVE
A#SPACERE_WRITE_1
RBYTE

A_DATEA

RECIVE
A#MINRE_WRITE_1
RBYTE

A_MONTH,A
RECIVE
A#MINRE_WRITE_1
RBYTE

A_YEARA

RECIVE
AMSPACERE_WRITE 2
RBYTE

A_HOURA

RECIVE
A#COLONRE_WRITE_2
RBYTE

A_MINUTEA

RECIVE
A#COLONRE_WRITE_2
REYTE

A_SECONDA

RECIVE
A#CR,RE_WRITE_2

REC_TI_DATE



ACALL  REC_TI_HOUR
ACAILL  WRITE_TIME

RET

Recive SCAN TIME

; Reocive Time to Soan hh:mm:ss

R_SCAN_TIME: ACALL REC_TI_HOUR

MOV
MOV
MOV
MOVX
MOV
MOV
MoV
MOVX
MOV
MOV
MOV
MOVX
RET

CHECK_RAM: MOV

MOV
CINE
SETB
SIMP
RE_CH_RAM: RET

AS_HOUR,A_HOUR
A,A_HOUR
DPTR,#0004H

@DFTR,A
AS_MINUTEA _MINUTE
AA_MINUTE
DPTR,#0005H

@DFTR.A
AS_SECOND,A_SECOND
AA_SECOND

DPTR #0006H

@DPTR,A

Check Data in RAM

ADPH
AMOCHRE_CH_RAM
ADPL
AHO0HRE_CH_RAM
P1.7

$

Receive data in RAM

; DPIR = R3,R2 = DPH,DPL. Register blank 1

R



TIME_IN_RAM: SETB
MOV
MOV
MOV
MOVX
INC
ACALL
MOV
MOVX
INC
ACALL
MOV
MOVX
INC
ACALL
MOV
MOVX
INC
ACALL

- MOV
MOVX
INC
ACALL
MOV
MOVX
INC
ACALL
MOV
MOV
MOV
MOV
MOVX

R30

DPHR3
DPLR2

AA DATE
@DPTRA
DPTR
CHECK_RAM
AA_MONTH
@DPTRA
DPTR
CHECK_RAM
AA_YEAR
@DPTR,A
DPTR

CHECK _RAM
A,A_HOUR
@DPTRA
DFTR

CHECK _RAM
AA_MINUTE
@DPTR,A
DPTR

CHECK _RAM
AA_SECOND
@DPTR.A
DPTR

CHECK _RAM
R3,DPH
R2,DPL

AR3

DPTR, #0000H
@DPFTR.A



MOV
MOV
MOVX

DATA _IN_RAM: CLR
ACALL
CINE
SIMP
FIRST_DATA: CINE
SIMP
CHECK_POINT: ACALL
CINE
SIMP
CINE
STMP
OK_DATA: MOV
ACALL
CINE

ACALL

ACALL
MOV
SETB
SETB
MOV
CIR

ACALL

AR2
DPTR,#0001H
@DPTR,A
R30

Check Data

FO
RECIVE_T

A #OFFELFIRST_DATA
ERROR

A #SOH,CHECK _POINT
OK_DATA

RECIVE_T

A #0FFH.FIRST_DATA
ERRCR

A #SOH,0K_DATA
ERROR
CHECKSUM,#00H
RBYTE

A #ADD_SCANERRCR
RECIVE
A#MIN,ERROR
RBYTE

BUF_ADDA

RS0

RS!1

A,@RO

RSO

RS!

A BUF_ADD,ERROR
RECIVE



CINE A#COMMA ERROR

SETB RS0

MOV DPHR3

MOV DPL.R2

MOV R4,#08H
LOOP_DATA: ACALL.  RECIVE

ACALL  ATOHS

MOVX  @DPTRA

INC DPTR

ACALL  CHECK_RAM

CLR RSO

ACALL  RBYTE

SETB RSO

MOVX = @DPTRA

INC DPTR

ACALL  CHECK_RAM

ACALL  RECIVE

CINE A #COMMA ERROR

DINZ R4,LOOP_DATA

MOV =~ CHECK_S,CHECKSUM

ACALL = RBYTE

SWAP A

CINE A,CHECK_S,ERROR

ACALL.  RECIVE

CINE A#EOT.ERROR

MOV R2,DFL

MOV R3,DPH

MOV AR3

MOV DPTR #0000H

MOVX  @DPTRA

MOV AR2

MOV DPTR,#0001H



MOVX

SIMP
ERROR: SETB
RET_DATA: CLR

RET

SE_COMMAND: ACALL
SETB
SETB
MOV
CLR

ACALL
ACALL
MOV
ACALL
ACALL -
ACALL

CLR
MOV
MOV

RUN_SCAN:

MOVX
SETB
MOV
MOV

MOV
MOV

@DPTR,A
RET.DATA
Fo

RS0

Send Command

SEND_T

RS0

RS1 .

A,@RO

RSO

R31

SBYTE
SEND_MIN
AFADD_SCAN
SBYTE

SEND _CR
DATA _IN_RAM
FO,SE_COMMAND

Run SCANNER
FLAG_RAM : Initial FLAG of RAM
A#00H
DPTIR #0002H
@DPTR,A
R30
R2#07H
ANUMBER _ADD
AR2
RZA
R3#00H

; Initial DPTR

; Initial DPTR



RUN_SCAN_1: ACALL

MOV
SETB
SETB
MOV
CIR
CLR

LOOP_SCAN: ACALL

ANOTHER _A: ACALL

CHECK _TIME: ACALL

NOT_TIME:

SETB
SETBE
INC

. CLR

CLR
DINZ
SIMP
RET

ACALL
ACALL
ACALL
MOV
MOV
MoV
ACALL
MOV

MOV

RS0

CHECK _TIME
R1,NUMBER_ADD
R30

RS1

RO#START _ADD
RSO

Rs1

TIME _IN_RAM
SE_COMMAND
RSO

RS1

RO

RSO

R31
RIANOTHER _A
RUN_SCAN_1

Check time to Scan
READ_TIME
ADD_SECOND
ADD_MIN
ADD_HOUR
B_HOUR,A_HOUR
B_MINUTEA_MINUTE
B_SECOND,A_SECOND
READ_TIME
AA_SECOND
AB_SECONDNOT_TIME
AA_MINUTE
AB_MINUTENCOT_TIME



MOY

ADD_SECOND: MOV
ADD
DA
JC
CINE
JNC
MOV

OVER _SEC_1: CLR
CPL
ANL
MOV

OVER_SEC: ADD
DA
MOV

SET_MIN:  SETB

ADD_MIN: MOV
ADDC
DA
JC

INC
MOV

AA_HOUR
AB_HOURNOT _TIME

AA_SECOND
AAS_SECOND
A

OVER _SEC

A #60H,$+3
OVER_SEC_1
A_SECOND,A
c

ACCS6

ACCS

A#TFH
A_SECOND,A
SET_MIN
A,#40H

A
A_SECONDA
c

AA_MINUTE
AAS_MINUTE
A

OVER _MIN
A#60H,343
OVER_MIN_1
A_MINUTEA



OVER_MIN_1: CLR ACCs6
CPL ACCS
ANL A#TFH
MOV A_MINUTEA
SIMP SET_HOUR

OVER_MIN: ADD A#40H
DA A
MOV A_MINUTEA
SET_HOUR: SETB c
RET
ADD_HOUR: MOV  AA_HOUR

ADDC AAS_HOUR
DA A
CINE A#24H.5+3

JNC OVER_HOUR_!
MOV A_HOUR,A
CLR C

RET

OVER_HOUR_1: CINE  A#44H 343

JC OVER_HOUR _2
CPL ACCS
CPL ACCS
CILR ACC2

SIMP OVER_OUT
OVER_HOUR_2: CINE A #42H$+3

ic OVER_HOUR _3

CPL ACC6



CPL ACC4

CPL ACC3

CPL ACCl1

SJMP OVER_OUT

OVER _HOUR_3: CJNE  A#40H$+3

JC OVER_HOUR _4
CPL ACC6

CPL ACCA4

CPL ACC2

CPL ACCl1

SIMP OVER_OUT
OVER_HOUR_4: CINE  A#34H 3§43

JC OVER_HOUR_S5
CPL ACCS
CLR ACC3
CPL ACC2

SIMP OVER_OUT
OVER_HOUR_S5: CINE  A#32H$+3

IC OVER_HOUR_§
) CPL ACCS
CPL ACC4
CPL ACC3
CPL ACC.1
STMP OVER_OUT
OVER_HOUR_6 CINE  A#30H$+3
b} OVER_HOUR_7
CPL ACCS
CPL ACC4
CPL ACC2
CPL ACC1
SIMP OVER_OUT

OVER_HOUR_7: CPFL.  ACCS



CPL
OVER_OUT: MOV

RECIVE_ADD: SETB
ACALL

MOV
MOV
MOV
LOOP_ADD: CLR
. (=
SETB
MOV
MOVX
INC
INC
INC
ACALL

SIMP
RE_R_ADD: MOV
MoV
MOV
MOVX
RE_RETURN: CLR

CHECK _OUT: PUSH
MOV

ACC3
ACC2
A_HOURA

Recive Address of SENDER

RS1

RECIVE
A#SPACERE_RETURN
DPTR,#0007H
R1#START_ADD ; Address to start
RO#00H ; Number of Address
RS1

RBYTE

RSl

@R1A

@DPTR,A

DPTR

RO

R1

RECIVE
A#COMMARE R_ADD
LOOP_ADD

NUMBER _ADD,RO

ARO

DPTR #0003H

@DPTRA

RS1

ACC
A,DPH



CINE A 0BH,CHECK_BOT ;O0BH=R3
MOV ADPL
CINE ALOAH,CHECK_BOT ;O0AH=R2

POP ACC

POP ACC

POP ACC

MOV ARl

CINE ANUMBER_ADDNO_COMPLET
SETB P1.7

SIMP $

NO_COMPLET: INC R1
ATMP START_TRANS
CHECK_BOT: MOV ADPH
CINE A#00H,RE_CH_OUT
MOV ADPL
CINE A#00HRE_CH_OUT

SETB P1.7

3IMP $
RE_CH_OUT: POP ACC

RET s

CHECK_OUT_1: PUSH ACC
MOV ADPH
CINE A, 0BH,CHECK_BOT_1 ; OBH =R3
MOV ADPL
CINE A,0AH,CHECK _BOT_1; OAH =R2

POP ACC
POP ACC
POP ACC
POP ACC
POP ACC

MOV- ARl



CINE ANUMBER _ADDNO_COMPLET_1
SETB P17
STMP $
NO_COMPLET_1: INC R1
STMP START_TRANS
CHECK_BOT_1: MOV  ADPH
CINE  A#00HRE_CH_OUT._1
MOV ADPL
CINE A#00H.RE_CH_OUT _1

SETB P17
SIMP $

RE_CH_OUT_!: POP ACC
RET

CHECK_INC: MOV ADPH
CINE A#00H,CH_INC_OUT
MOV ADPL
CINE ABOCH,CH_INC_OUT
MOV R2#0PFFH
MOV R3,#0FFH
CH_INC_OUT: RET

COUNTER_1: MOV ARl

DEC A

MOV B#16D

MUL AB

MOV SFH.A

JZ RET_COUNT_1
LOCP_CO_1: INC DPTR

ACALL  CHECK_OUT_1
DINZ SFELLOOP_CO_1
RET _COUNT_!1: RET



COUNTER _2Z

LOOP_CO_2

MOV
CLR
MOV
MOV
SUBB
MoV

MOV

INC

ACALL
DINZ

RET_COUNT_2: RET

S_SENDER:

MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MoV
ACALL
ACALL
MoV
ACALL
ACALL

AR1

c

SFHLA

ARS

ASFH

B#16D

AB

SFHA
RET_COUNT_2
DPTR
CHECK_OUT_1
SFHILOOP_CO_2

A#S

SEND

A’

SEND

Af#n'

SEND

A#d

SEND

AB'e

SEND

AT

SEND
SEND_SPACE
A#@

SEND
SEND_SPACE



Transmit data in RAM to Central

: DPTR = #00,R0 = DPHDPL register blank 1

TRANSMIT: SETB
MOV
MOV
INC
MOV
MOV
ACALL
MOV

MOV

START_TRANS: ACALL
ACALL
ACALL
MOV
DEC
SETB
MOV

MOV
MOV

ACALL
SETB
ACALL

MOV
MOV

RS0

~ DPHR3

DPLRZ

DPIR

R3,DPH

R2DPL
CHECK_INC

X6 NUMBER _ADD
R1#01H ; Status Data Point
SEND_CR_LF
SEND _SPACE
S_SENDER

ARl

A

RS1
RO#START_ADD
ARO

ROA

A,@RO

RS1

RS0

SBYTE ; Send Address SENDER
RS0

SEND_CR_LP

RO#07H
ANUMBER_ADD
ARO



MOV
MOV
MOV

LOOP_CUT _TI: MOV
MOVX
INC
ACALL
CLR
ACALL
SETB
ACALL
MOVX
INC
ACALL

ACALL
SETE.
ACALL
MOVX
INC
ACALL

ACALL
SETB
ACALL
MOVX
INC
ACALL

ACALL

ROA ; INITIAL OF DATA DPTR
DPH,#00H
DPL,RO

CHECKSUM, #00H

A,@DPTR

DPIR

CHECK_OUT

RSO

SBYTE ; Send DAY
RSO

SEND _MIN

A,@DPTR

DPTR

CHECK _OUT

RS0

SBYTE ; Send MONTH
RS0

SEND _MIN

A,@DPTR

DPTR

CHECK_OUT

RS0

SBYTE ; Send YEAR
RS0

SEND_SPACE

A,@DPTR

DPTR

CHECK_OUT

RSO

SBYTE ; Send HOUR
RS0



ACALL  SEND_COLON
MOVX A,@DPTR

INC DPTR

ACALL  CHECK_OUT

'CLR RS0

ACALL  SBYTE ; Send MINUTE
SETB RSO

ACALL  SEND_COLON
MOVYX A,@DPTR

INC DPTR

ACALL CHECK_OUT

CLR RS0
ACALL  SBYTE ; Send SECOND
SETB RS0

ACALL  SEND_SPACE

ACALL ~ SEND_COMMA

MOV R7408H

ACALL  COUNTER_1
LOOP_OUT_DA: MOVX A,@DPTR

INC -~ DPIR

ACALL = CHECK_OUT

CINE A#ODH,0UT__

MOV A#NEG

SIMP LOOP_OUT_1
OUT__: ACALL  HTOAS
LOOP_OUT_1: ACALL SEND

MOVX  A,@DPTR

INC DPTR

ACALL  CHECK_OUT

CINE A#0DDH,0UT__1

MOV A#NEG

ACALL  SEND



OUT__L

ACALL  SEND
SIMP LOCP_OUT_2

CLR RSO
ACAII,  SBYTE
SETB RSO

LOOP_OUT_2: ACALL SEND_COMMA

DINZ R7LOCP_OUT_DA
MOV A,CHECKSUM
CLR RSO

ACALL  SBYTE

SETB RSd

ACALL  SEND_CR_LF
ACALL COUNTER_2
AJMP LCOP_OUT_TI
CLR RS0

Check Telecommand
R Read Data from RTC
W Write Data to RTC
S Write Data to Sean
G Run Secanner

T Transmit Data from RAM to Central Station

CHECK_COM: ACALL RECIVE

CHECK _1:

CINE A#R,CHECK _1 : Cheok command "r"
ACALL RECIVE
CINE A#CRRE_CHECK

ACALL  READ_TIME ; Read time

ACALL SEND_TIME ; Send time to Central Station
SIMP RE_CHECK

CINE A#W,CHECK 2 ; Check command "w"

ACALL  RECIVE_TIME ; Write time



STMP RE_CHECK

CHECK_Z CINE A#S,CHECK_3 ; Cheek command "s"
ACALL R_SCAN_TIME ; Reocive SCAN TIME
SIMP RE_CHECK

CHECK_3: CINE A#G,CHECK _4 " ; Cheok command "g"
ACALL  RECIVE
CINE AHCRRE_CHECK
ACALL RUN_SCAN ; Run SCANNER
SIMP RE_CHECK

CHECK _4: CINE A#a,CHECK S ; Cheek command "a"
ACALIL RECIVE_ADD ; Read address of Sender
SIMP RE_CHECK

CHECK_S: CINE AS#tRE_CHECK ; Cheek eommand "t"

ACALL  RECVE

CINE A#CRRE_CHECK

ACALL TRANSMIT ; Send data in RAM
RE_CHECK: RET

; Read Data from RAM
READ_RAM: MOV DPTR #0003H )
MOVX ~ A,@DPIR

MOV NUMBER _ADD,A

MOV ROA '

MOV R1,START_ADD

MOV DPTR,#0007H
LOOP_READ_RAM: MOVX A,@DPTR

MOV @R1A

INC Rl

INC DPTR

DINZ RO,LOOP_READ_RAM

SETB RSO

MOV DPTR #0000H



SUMAIN:

MOVX
MOV
MOV
MOVX
MOV

MOV
MOVX
MOV
MOV
MOVX
MOV
MOV
MOVX
MOV

MOV
DINZ
MOV

ACALL
ACALL
ACALL

- SIMP

A,@DPTR
R3,A

DPTR #0001H
A,@DPTR
R2A

RSO
DPTR,#0004H
A,@DPTR
AS_HOURA
DPTR #0005H
A,@DPTR
AS_MINUTE,A
DPTR #0006H
A,@DPTR
AS_SECOND,A

Main Program
RO#00H ; Power up delay
ROS
SP#4#STRACK ; Set strack pointer
P17
READ _RAM
INTI ; Initial Serial port
CHECK _COM ; Check Teleoommand
SUMAIN
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Features

e Compatible with MCS-51™ Products

e 2 Kbytes of Reprogrammable Flash Memocy
Endurance: 1,000 Write/Erasa Cycles
Data Retentiocn: 10 Years

2.7 V to § V Qperating Range

Fuily Static Operation: 0 Hz to 24 MHz

Two-Level Program Memary Lock

128 x 8-8& Intamai RAM

15 Programmabie VO Lines

Two 16-8it Timer/Counters

Five Interrupt Sources

Programmuable Serial UART Channel

Direct LED Drive Qutputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

..000._‘...‘

Description

The AT39C3051 is a low-voltage, high-performance CMOS $-bit microcomputer with 2
Kbytes of Flash prograrnmable and erasable read anly memery (PEROM). The device is man-
ufactured using Atmeli’s high density nonvolatile memory technology and is compatibie with
the industry standard MCS-51™ instruction set and pinout. By combining a versatile 8-bit
CPU with Flash on 2 monolithic chip. the Aunel ATBSCZ051 is 2 powerful microcomputer
which provides 2 highly flexible and cost eiffeztive solution o many embedded coawol
applications. 9
The ATE9C2051 provices the following standard features: 2 Kbytes of Fiash, 128 bytes of
RAM. 15 /O lines. two 16&-bit times/counters. 1 five source (wo-level interTupt archttecture, 2
full duplex serial port. 2 precision analog comparatar, on-chip asciilator and clock circuicry.
In addition. the AT3SC20S1 isdesigned with suatic logic for operation down te zera frequency
ind suppons (wo software selectable power saving modes. The [dle Mode stops the CPU
willie ailowing the RAM. limer/fcounters. sental pant and intesTupt system ta continue funciion-
ing. The Pawer Down Mode saves the RAM cantents but freezes the osciilator disabling all
cther chup functions uatii the next hardware reset.
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Pin Description

Vees
Supply voltage.

GND
Ground.

Port1

Port | is an 8-bul bidirectional VO port. Port pins P1.2 to P1.7
provide internal pullups. P1.0 and P!.! requirs sxternal pullups.
P1.0 and Pl.| also serve as the pasitive input (AINQ) anrd the
negative input (AINT1), respectively. of the an-chip precision an-
alog comparator. The Port | output buffers can sink 20 mA and
can drive LED displays directly. When Is are written (0 Port |
pins, they can be used as inputs. When pins P1.2to P1.7 2re used

as inputs and are externally pulled low. they will sourzz current

({IL) because of the internal puilups.
Pzt | also reczives code daia dunag Flash programming and
program.verification.

Pan3

Port 3 pins P3.0 1o P3.5. P3.7 are seven bidirzzuonal /O pins
with internal pullups. P3.6 s hard-wired as an input to the out-
put of the on-chip comparator and is ot aczassible as 2 general
purpose YO pin. The Port 3 output buifers can sink 20 mA.
When s are writtea (0 Port 3 pins they are puiled high 2y the
internal pullups and c2n be used as inputs. As inouts. Port 3 p1As
that are 2xternally being aulled low wiil sourse current ({iL) be-
cause of the pullups.

Port 3 alsq serves the funcions of various spez:al featuras of the
ATE9CI0S1 as listed below:

Port Pin - Altermnate Functions

B3.0 . ; RXD (senalinput por) ;
231 ! TXD (seral cutput gan) :
P32 : INTQ (extemnal interruct 0) ‘
233 - INT 1 (extamal interrugt 1) ;
P34 i TQ (timer 0 external incut) .7
23.8 1 T1 (timer 1 extemnal inout)

Pomr 3 also reczives same control signals for Fiash progrzmming
and programming venfication.

AST

Reset input. All YO ains are reset (0 Is as soon as RST goes
hrgn. Holding the RST zin ign {Gr two mactine cycisy whiie
the oscillator is running resets the devics.

XTAL!

{nout to the inverung osciilator amupiifier and ingut to the ntes-
aal clock operaung cireuit.

XTAL2

Qutput {rom the inverung oscillator ampiifier.

Oscillator Characteristics

XTAL! and XTAL2 are the input and output. respectively, of
an inventing amplifier whick can be configured for use as 2n
on-chip oscillator. as shown in Figure 1. Either a quartz crystai
or czramic resonator may be used. To drive the device from an
external clock source, XTAL2 should be left unconnected
wiiie XTAL! is driven as shown in Figure 2. There are no re-
quirements an the duty cycle of the externai cleck signal. sincz
the input to the internal clocking crreuntry is through a divide-
by-two flip-flop, but minimum and maximum voltage high and
low time specifications must be observed.

Figure 1. Oscillater Cannecuons

——

Notes: C1. C2 = 30 pF = 1Q oF for Crystals
Qpgr =z

10 pF for C2rzmuc Rasonators

Figure 2. Zxternai Clock Drive Cealigurstion

NC XTALZ
EXTZANAL
QSCILLATCR ——— XTAL!
SIGNAL
— 3N
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Special Function Registers

A map of the on-chip memory area cailed the Special Funcuan
Register (SFR) space is shown in the wable below, .

Note that not all of the addresses are occupied. and unoczupied
addresses may nat be implemented on the chip. Read accesses
to these addresses wiil in general return random data. and write
aczasses wiil have an indeterminate sffect.

User software should aot write Is (0 these unlisted locatiaas.
since they may be used in fuwure products (o invoke pew faa-
tures. In that case. the reset or tnactive vaiues of the new bus
will always be 0.

Table 1. AT39C2051 SFR Map and Reset Values

el L] ] T

l | I é ! : 07"
- ' | i ! i

GFIH ¢ c0000000 ! .] | ! i : OF7TH
| i ] | } | i

0E3H , i j ! ! ; 0EFH
i ACC ; i : : .' .

OEOH: 000C0G00 | } : ; ! 5 QETH
{ i ! 3 ; ] ;

0C8H | ‘ ! : | f ? 0DFH
! : i = / |
| psw : , , : l : !

000H : 59000000 ! ? : ! j 007H

0C3H | : ' ; ; & : -~ ocEH

0CaH | : : .I ! | acTH
T ; ? : 3 L

088H : xooooaac | ! ; ? ! : L Q&FH
PPz : ; | : P

08CH ! 11q1711y | " : ; ; s | 0B7H
bOE : ; ? : -

0AZH . s00060cs | * ; :' : L OAFH

0AQH | : : C 0ATH
. "SCON + SBUF : : | : ]

g ' ¢ . ! i +

%8H | 50000000 XXXXXXXX. : : i f | SFH
| e : : i ! ! -

SOH L qqr11100 | | | | 97H

ggn’ TCON | TMCC | TLO G+ Lt THO i TH1 ? ' en
. 00000000 | 0000GCO0  00006CGO | 0006CeaG | C0CCOCGO | 60CCaGa : LT

8oH | S8 7 DPL 1 OP4  PCON i ..
i . 00000111 000C00CO  90C0GOA0 : r ' geccecag | O
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Program Memory Lock Bits

On the chip arz twe fock bits which can be left ungrogrammed
(U) or can be programmed (P) to oblain the additional features
listed in the table pelow:

Lock Bit Protection Modes!"

Program Lock Bits
i LB1 L32 | Protection Type X
P U U | Noprogram lock features. |
5 p U Further programming of the
Flash is disabled. i
© 3 P P Same as mode 2, also verify
is disabled.
Note: |. The Lock Bits can only be erased with the Chip Erass
operation
idle Mode

[n idle mode, the CPL puts itself o slesp while ail the on-chip
peripnerals remain aciive. The mode is invoked by software.
The content of the on-chip RAM and sll the special funcrions
registers semain unchanged during this mods. The idle mode
can he (erminated by 2ny enabled intertuot or By a hardware
raset.

P!.02nd P1.1 shauld be set 10 ‘0’ if no external zullups arz used.
or sat to "I’ if external puilups ars used.

It shouid he noted :hat when idle is ierminated by a1 hardware
reset. the device normazlly resumes program sxecution. from
where it left off, up (0 two machine cycles before the internal
reset algorithm takes conwol. On-chip hardware inhibus aczzss
to internal RAM in this event. but acczss (o0 the por pins is aot
inmitited. To eliminate the possibiiity of an unexpected write @
a port in when ldle is terminated by reset. the instructian {ol-
lowing the one that invokes Idle shauid not 5e one that writes 10
a port pin or t¢ external memory.

Power Down Mode

Ia the nower down mode the osciilator is siopped. and the in-
struction that invokes power down is the last instruction zxe-
suted. The on-chig RAM and Special Fuacuon Registers r2tain
the:r values uatil the gower down mode s terminated. The oniy
exit from power down is 1 hardware reset. Raset redeiines the
SFRs but dees nat ckangs the on-chip RAM. The reset shouid
a0t 3e acuvated befers Ve s restored to uits aormal operzting
ievel angd must be heic acive iong 2a0ugh (0 silow the ose:ilztor
ta resiar and stabilize.

P1.0and P!.1 should be setto "0° if na externai pullups are used.
or set to "17 1f externai puilups are used.

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PERAOM code memary array ia the zrased sate (i.<., contents =
Fr7) and ready ta be pragrammed. The code memery array is
srogranmed one byte at a Ume. Once the array is programmed,
to re-program any non-tlerk byte, the entire memaory arrav
needs to be erased elecrrically.

Internal Address Counter: The AT39C2051 conwins an in-
ternal PEROM address counter which is always reset to 00QH
on the rising edge of RST and is 2dvanc=d by applying a positive
going pulse to pin XTALIL.

Programming Algorithm: Ta program the AT39C2051, the
following seguence is recammended.

I. Power-up sequence:

Apply power betwesn Vcg 2nd GND pins

Set RST and XTAL! tc GND

With all other pins {loaung. van {or greater than [0
muilliseconds

Set pin RST o 'H’

Serpin P3.2 10 'H’

Appiy the appropriate comanatan of 'H’ or 'L’ logic
levels to pins P3.3. P3.2. P3.5. P3.7 (o seiest one of the
srogramming operauans siown in the PEROM Pragram-
ming Modes able.

70 Program and Yeniy ine Amay:

<. Apoly daa for Code byte 2t iccauon 000K 1o 2.0 0 PL.T.

3

(Y}

$. Raise RST o 12V 0 enasie srogramming.

4. Puise P3.2 once to program 2 dyte a the PER0OM 2mrav or
the lock bus. The byte-wrie crcie s seff-timed and tvpi-
caily takes 1.2 ms.

7. To venfy the programmed <ata. iower RST {fom |1V 10

logic "H" levei and set pins 23.3 ta 23.7 (o the appropiate

levels. Output data can be r2ad at the port 2! pins.

To program a byte at the next addrass locauorm. pulse

XTALI pin once o advancs the iaternai adcress counter.

Apply new -daca to the part P! oins.

Repeat steps 3 through 3. changing datz and advancing the

address counter for the eatire 2 Kbvtes arr2s ar until the

2nd of the odject flie is reached.

i,

6

10, Pawer-off seguencs:
set XTALIw 'L
set RSTw 'L
Froat ail other YO gins
Turn Veo power otf

ATMEL o ;
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Data Polling: The AT39C2051 feawures Dar Polling 1o indi-
cate the 2nd of 2 wTite cy<le. Duning 1 write cycle. an attempted
read of the last dyte wrinten will result in the complement of the
writtea daw on P1.7. Oncz the write cycle has been completed.
rue ¢ dau is valid on ail qutputs, and the next cycle may begin.
Data Polling may begin any time fter 3 write cvcle has besn
inniates.
Re:d_vl'ﬁa_:
monitored by
low after P3.2 goes
BUSY. P3.1 s pulled High
indicate READY.
Program Verify: If lock bits LB and L32 have not bezn gro-
grammed code data can ze read back via the data lines for veri-
ficadon:
. Reset the internal address counter ta 0008 by bringing RST
om0 TH

The Progress of byte programming can also be
the RDY/BSY output signal. Pin P3.1 is pulled

High during programming to indicate
again when programming is dane to

2. Apply the apgracriate control signais for Read Code data
and read the output 2213 at the gont 21 oins.

Flash Programming Maodes

Pulse pin XTAL| oncs to advancs the tnternal address

[

counter.
Read the next code data byt at the port Pi pins
5. Repeat stegs 3 and ¢ until the eaurs array is read.

The lock bits cannat be verified direstly. Verification of the lock
bits 1s achieved by observing that their {eatures are enabled.

Ja

"Chip Erase: The entire PEROM array (Z Kbyies) and the two

Lock Bits are erased electrically by using the proper combina-
tion of control signals and by holding P3.2 low for {0 ms. The
code array is writtea with all “1"s in the Chip Erase ogeration
and must be executed beiore any non-blank memory byie can be
re-programmed. .
Reading the Signature Bytes: The signature bytes are read by
the same procsdure as a normal venficaticn of locations 000H.
CO1H. and 002H. excapt that P3.5 and P3.7 must e pulled to a
logic low. The vaiues returned are as follcs.

(OCOH) = [EX ndicates manufa 25y Ammel

(001 H) = 21H indicates 89C-05l

(CO2H) = Fr= indicates 12V progrzmming

3.2/
Mode AST PROG £3.3 F3.4 P3.3 P17
“'Write Coce Daa!™ C ey g2y L = H H
Aeaq Ceae Data*’’ = = L = =
Wnte Loex Sit - 1 12v T H g F Hoo
g -2 12v T H = 4 L
Chig Erasa (\, Gax T\ H C L L
| Read Signature Syis i = = L L L L

Notes:

I. The intemal PSROM address counter is reset to GCOE on
the ssing 2dge of RST and 1 2dvancad by 3 posune
puise 3t XNTALl pin.

Chip Erasc rzquires 2 10 ms PROG puise.
P3 | is puiled Low Juring programmung {0 indicate ADYBSY

ter 1

5 AT89C2051 e ——



Tigure 3. Progmamming the Flash Memery

Figure 4. Verifving the Fiash Memory

ATESC2081 - "1:.’ AT39C2051 T
ADYESY  a——i P31 Ve L A
PROG  ——» P32 Pl e— gf;j. Vi —-H'. P32 P1 — gf.ﬁf.‘
—_— P23 —p¢ P33
— P4 SEE FLASH —pt P32
SEE FLASH PECGRAMMING .
PROGRAMMING ———»1 P3.5 MCOES TABLE —* P35
MoOESTASLE | .. — P27
_ M~ ALt AST M—— Y Voo T = XTAL AST e—— V.,
TQ INCREMENT  ~— GND —— GND
DORESS COUNTER | ;
- A
‘lash Programming and Verification Characteristics
A=21"Ct027°C,Veec =5.0 £ 10%
Symbol Parameter Min Max Units
Ves | Praogramming Enadie Veitage 11.2 12.3 Y
ipo | Pregramming Enabie Cumren: Z 230 1S
lOVGL | Datz Setup to PROG Law 1.2 us
lGHOX | Data Hold Atter PRCG 2 us
tEMSH | £3.4 (ENABLE) Hign to V== 1.9 us
tSHGL | Vee Setup to PROG Lew iC us
{GHSL Vee Hold After FSOG 10 s
'GLGH FHEOG Width 1 110 us
teLav | ENABLE Low to Data Valic 1.0 us
tenaz | Cata Fioat Aker ENABLE a 1.9 s
IGHSL | FRCG Hign tc SUSY Law 32 s
twe | Syte Write Cycie Time 29 ms
iattal | SDY/ESW 1o Increment Cicex Ceiay s
UHIL | Incrememt Ciocx High 20 ns
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Flash Programming and Verification Waveforms

PORT 1 { DATA IN S (oatAc_———
el lgeox T
P3.2 : .‘ 5
(PRCG) \l A g ;
le. I ! ——————— [ l .I
e N :
ST AT Ve Niogic 1 ’
Mpe) T TTmTiIIIIITleGice ..
. | i : .
- * leusk ; - S ~— lenaz
‘ ‘e cv > .
P3.4 ' ‘ ' :
s -l N U
P31 ' e\ 777 !
{RDY/BS') N BUSY ( AEADQY
I —,
XTALY i s bwe . —\\ R
(INCREMENT =/ \
ACORESS)

Absolute Maximum Ratings”

*NOTICZ. Strasses beyond tacse lisied under “Absgivie Maxi-

Cgerating Temperaire. ..cuerene. -53°C w0 -125C mum Ratngs” may cause pesmanent damage (0 the device,
.2 »_ TAis is 2 stress raung only and funciional ogeratioa of ine de-
Storage Temperaiure .. veeeerrerecene -25°Ci0 -15 : ’ IR 3. ' )
s N i o [ MRS . vicz a¢ these or any other zoaditicas bevond those indicatedn |

the operaucnal sections of i2is specificaton is aat imphed. Ex-

Voltage on Any ~in } : t
Jasure to absolute maximuem cating sonditons {or 2aienced

; with Respect ic Graung oovnueeen..e. 18V =70V : . A
! ! sencds may affect device reitabiliey.
i . : =

1 Maximum Coerzing Veltage ..vveeeeececieenne 528V

; OC QUL Cufmanl et 25.0mA

! I

{
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D.C. Characteristics
Ta=-20'Ctc 85°C,Vcc=2.7Vic 3.0V (unless otherwise nctec)

| Symbol Parameter Condition Min Max Units
P vl { Ingut Low Voltage 0.5 0.2 Vez-a.1 Vo
i Vin | Inout High Valtage (Exceat XTAL1, AST) ‘0.2 Vez-0.2 Vec+0.5 v o
i Vimt | Inowt High Vaitage (XTAL1, RST) 0.7 Vez Vee-0.5 vV o
L Vo Output Low Valtage!”! oL =20mA, Vez =35V 0.2 v !
P ot (Ports 1. 3) lcL =10 mA, Vec =27V =3 i
' Qutput High Veitage lcH=-30uA Ves =3V 2 10% 4 v o
| Vo (Forts 1, 3) low = -30 pA 0.75 Ves v i
5 low = -12 uA $ Ves v
i ) i
! Lcgical O Input Current =
P =0.45 -50 :
P (Parts 1, 2, 3) > alichd A
" ! Logical 1 to O Transition -
; IT H \ = '7:
; . } Current (Ponts 1. 2, 3) iN=2V 9 HA
| ' Input Leakage C !
| _ ge Current N :
! u | (Port P1.0, P1.1) 0< Vin< Vee =10 uA !
b | Comparator Input Ofisat f
' I = v A} - 4
; Ves | Veitage ez =3V 20 mv !
Camparator Ingut . i
Veu !' Common Mece Valtage P Vee Vo
ARST  Rasat Pulldown Resisicr Ehl 300 KQ
© Cic . Bin Capacitancs Test Freq. = 1 MEz, Ta=258"C 10 aF
) Active Mcce, 12 Mz, Voo =8 Vi3 V 20/8.3 mA
. Power Suggly Curent  ia1e Moce, 12 MKz, Veg = 5 /3 V i A
lczs P10& 711 =0V zrVer ) ;
~ Vez =3V P1.0& F1.1 =0V ar Vee 100 9
: Bower Dcwn Mcae!? % r g 3 : uA
i Ve =3VP10& =11 =%V arVes 20 HA
Notes: 1. Under steady state {non-iransient) condruons. log must If [OQL ¢xcasds in2 test 2onditicn. VOL may 2acz2ed the

be sxtermaily limited as {oilows:

Maximum [gg per gont pin:

Maximum total [OL for ail output sins:

0mA
30 mA

ATMEL

refated sgeuificition. 21ty arg act guaraniesd (0 sink
current graater than the isi2d test conditzona.
Mismum Voo for Pouer Dewnis 2V



v .05V terex > oy e — ~— teuc
- 0.5 s P g cHes
i /n N\ ; NG
—=0.7 Vo = ~ |
H et ; i : :
‘ NG ! N\
£ 02V..-01V = £ N
0.45 v — ! | PN
i S —
- tere >
External Clock Drive
’
! Symbol Parameter Min Max Units
' thcucl ¢ Oscillator Srequancy 0 24 MHz
‘tcec. | Clack Fenod 413 ns
| temcx  High Time 13 ns
Yteizx ¢ Low Tima 18 ns
i tcuen - Rise Time 20 ns
DtercL  Fail Time 20 as
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Serial Port Timing: Shift Register Mode Test Conditions
{Vcz = 5.0 V = 20%; Load Capacttance = 80 pF)

[ j | 12 MHz Osc Variable Oscillator i é
| Symbel | Parameter . Min Max Min Max 'Units!
| txux | Serial Part Clock Cycle Time P10 12%ccn | us |
| tavxs | Outout Data Setup to Clock Rising E2ge | 700 10tcLeL-133 ' ns
[ txmax | Outout Data Hold ARer Clock Rising Edge | 50 2cLee-33 | ns ¢
| txwox | Input Data Hold After Clock Rising Edge | © 0 i ns
| txHov | Clock Rising Sdge to Ingut Data Valic | 700 | 10tCLCL-133 . ns |
Shift Register Mode Timing Waveforms
INSTRUCTICN t 0 1 D ING 2| SWE W r—s 7_ 8
— = e et e T e e T e e ey T e e T = — o e—
A i T R A NN O T L RN
"_’ b
Lcex L . P A% e, \ T S
‘QVXH — 1 5
= +— lguax
WHRITE TC SEUF g VA AN Ve i g T BN N (A AT L 5
v s —_— — ! g N 4
CUTPUT CATA {xpy XHEX - - SET T
cusna i i O DR i O Do
v a
INPUT CATA ST A
. 21 o )
AC Testing Input/Output Waveforms Fioat Waveforms
Yau- 0.3V —— Y areren e N * '\ YRR
<@ N 02Vegm 08V = Vocag A
TEST PCINTS e / Timing Seferenca N —
- . i - AN Pows Ve
0.5 ——" 302V 01V~ N— Vgag?t = Pl
Note: i, AC inguts dunng testing 3re 3nves it Ve - 0.3 Vior 2 Noter . Forumung jurgoses. 1 gois gin 1s no fongzr {loaung waen

1 100 mV change from ioag voitage ocsun. A gont
210 beains (0 float whnen 1 100 mV change (rom(ne
loacded Vo Vo leve! oczurs.

logic | i3nd 0.45 V for 3 logic 0. Tim:ing measurs.
ments ire made at Viy min. for 3 {ogic ! 3nd Vi max.
for 2 iogw 0.

ATMEL d



Ordering Information

Speed |  Power i
(MH2) Sucply Orgering Cede ! Package Operztion Range
t ]
i M l
12 {27Vwcs0v ATESC2051-12PC . : 20F3 : Cecmmercial
g ! AT89C2051-12SC : 20S (C°C 1@ 70°C)
' | AT8eC2051-12F  20P3 Incustrial
AT89C2051-12S! | 208 | (<40°C to 85°C)
16 3.0Vte6.0Vi  ATasC2051-16PC : 20F3 cmmercial
| ATESC2051-165C : 20S (0°C 10 70°C)
i | AT83C2051-167! . 20P3 Indusirial
i | AT82CZz051-18Si " 208 ; (-40°C ic 85°C)
I 20 3.3Vi5.0V i  AT8SC2051-20FC : 20F3 ; Commercial
! = AT88C2051-205C ; 208 ; (0°C ¢ 7G°C)
) ! AT8SC2051-20P! 2673 : ncussrial !
; i AT83Cz051-20SI 23S : (=20°C to 85°C) i
24 [40V1080V|  AT89C2051-24PC 20P3 3 cmmercial §
i | AT88C2051-24SC 23S (0°C 10 70°C) i
| ATasCzosi-zeF! 26F3 Incusinal }
: ! AT88C2051-248| 2ns (-40°C !¢ 85°C) i
16 140Vie50V:  ATBSCZ051-16PA 20F3 Autcrmctive i
; ' AT8SC2051-16SA 08 (-40°C 10 125°C) !
! Package Type |
| 203 | 20 Leaq. 0.300" Wice, Pasuc Dual In-iine Pacxage (FCIF) i
| 20s . 20 Leaq. 0.360" Wide. Plasac Guil Wing Small Outine {SCIC) |
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‘CA3162

AJ/D Converter for 3-Digit Display

December 1993
Features Description
+ Dual Slope A/D Conversion The CA3162E and CA3162AE are I2L monoiithic AD con-
verters that provide a 3 digit multiplexad BCD output. They
* Muttipiexed BCD Display are used with the CA3161E BCD-to-Seven-Segment
« Uttra Stable Internal Band Gap Voitage Reterence Decoder/Oriver® and a minimum of external parts to imple-
' . ment a complete 3 digit display. The CA3162AE is identical
* Capable of Reading 99mV Below Ground with Single - . no CA3162E except for an extended operating tempera-
Supply ’ ture range. )
+ Differential Input * The CA3161E is described in Display Drivers saction of this data
* Internal Timing - No External Clock Required book.
* CHolca of Low Speed (4Hz) or High Speed (96Hz) : .
Conversion Rate ( Ordering Information
* “Hold”™ Inhibits Conversion but Maintains Delay PART TEMPERATURE
« Overrange indication : NUMBER RANGE PACKAGE
- “EEE” for Reading Greater than +999my, “-” foe CA3162€ 0°C to +70°C 16 Lead Plassc DIP
Reading More Negative than -39mV When Used.
With CA3161E CAJ162AE -40°C to +85°C 16 Lead Plastic DiP
* BCD-to-Seven-Segmeant Decoder/Driver
+ Extended Temperature Range Version Available
Pinout
CA3162 (POIP)
TOP VIEW
Y4
sco ) 2 ] Ez‘ aco
OUTPUTS | 0 E E 52 [ ouTPUTS
NSO |3 14} Vo
olGIT
seLecT § Mso [4] 13] GAIN ADJ
ouTPUTS
Lso E E gcamm:
HOLLY
BYPAsS LS 1] i nput
ano [7 E LOW INPUT
zERo ADL [8 ] 5] zero any
CAUTION: Thase davices are sensitive (0 elacrostatc discharge. Usars shouid fofiow proper 1.C. Handiing Procedures. FTle Number 1080.1

W@Hmwlm
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e CA3162, CA3162A
.- £
“unctional Block Diagram .
v+
BCO QUTPUTS
mm' . I. INTEGRATING A .
cap 2¢ 8 22 B v+
2 0060 ©
CONTROL LOGIC T DIGIT SELECT
COUNTERS & MULTIPLEX DRIVE = OUTPUTS ¢
3 + 3 I 11 @ = MSO
------- ] ,
: " THRESHOLD @ =Ls0
HIGH INPUT (11 vA B I @
L = NSO
Low inpuT (10 CONVERTER T-"-‘ +2048 |1 s
REFERENCE | e asp o CONVERSION
CURRENT o= osc BYPASS oL
GENERATOR GATES
: B
1 MSO = MOST SIGNIFICANT DIGT ~
NSO = NEXT SIGKIFICANT DIGIT \ =
LSO = LEAST SIGNIFICANT DIGIT
GAIN
ADJ 5

\" !

LS e ———

-----

1r
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Specifications CA3162, CA3162A

Absolute Maxf 7 Ratings

DC Supply Voltage (Between Pins 7 & 14)........ e eeenane +7V  Thermal Resistance : I
Input Voltage (Pin 10 or 1110 Ground).......coivvvvnnnnnen *15V Plastic DIP Package .......cccvevvemeancecnans 90°CW-
Storage Temperatura Range . ......cccoevune.. -85°C 0 +150°C Qperaling Temperaturs Range :
Lead Temperature (Soldering 10S).....ccccvvvrereeeas +300°C (07 3 € v O 0to +75°C
(0753 {2727} S -40°C to +85°C
Maximurmn Powsr Dissipation
PlasticDIP Package - ..........ccoevvencenanananaas 0.67W
Juncion TampPerallile . cccoucccceetssrccnccavacnnnen +180°C
CAUTICN: Strassaes above those listed in ‘Absalute Maximum Ratings” may cause p nt damage o the device. This i3 a stress only rating and operaticn

Thermal Information

of the devica at thesa or any other conditions above those indicated in the operational sections of this specification is nat imglied.

Electrical Specifications T, =+25°C, V+ = 5V, Zero Pot Cantared, Gain Pot = 2.4k Urdess Otharwisa Specified

_ PARAMETERS TEST CONDITIONS MiN TYP MAX UNTS

Operating Supply Voitage Range, V+ 4.5 5 5.5 v
Supply Current, |+ 100k to V+on Pins 3, 4,5 - - 17 mA
Input Impadance, Z, - - 100 - MQ
Input Bias Current, lig Pins10and 11 - -80 - nA
Unadjusted Zaro Offsat Vi1-Vig = OV, Read Decoded Output -12 - +12 mv
Unadjusted Gain Vi1-Vyo = 300mMV, Read Decoded Cutput 846 - 954 mv
Linearity Notes 1 and 2 -1 - +1 Count
Conversian Rate

Slow Mode Pin 6 = Cpen or GND - 4 - Hz

Fast Mode Pin g =5V - 96 - Hz
Canversion Control Voitage (Hold Mode) 0.8 1.2 1.6 v
at Pin 6
Common Mode input Voltage Range, Vicg Notes 3, 4 02 - +02 v
BCD Sink Current at Pins 1, 2, 15, 16 Vaeg 2 0.5V, at Logic Zaro State 0.4 1.6 - mA
Digit Select Sink Current at Pins 3, 4, 5 Voigrr Select = 4V at Logic Zero State 1.6 2.5 - mA
Zaro Temperatura Coefficient V) =0V, Zero Pot Centered - 10 - uvrey
Gain Temperature Coefficient Vi = 900mV, Gain Pot = 2.4kQ - 0.005 - % °C

NQTES:

1. Apply Zero voits acrass V,, to V. Adjust Zero potantiometsr to give 000mV reading. Apply S00mV to input and adjust gain potentiometar

lo give 900mMV reading.

2. Linearily is measured as a diffarenca from a straight lina drawn through zero and pasitive full scaig. Limits do not inciuda £0.5 count bit

digitizing error.

3. For appiications where low input pin 10 is not operated at pin 7 potential, a returm path of not more than 100kQ resistance must be provided

far input bias cumrents.

4. The common mcde input voitage above ground cannot exceed +0.2V if the full input signal range of 999mV Is required at pin 11. Thatis,
pin 11 may not cperata higher than 1.2V positive with respect to ground or 02V nagative with respect to ground. If the maxanum input
signal is less than 399mV, the common miode input voitage may be raised accordingly.

2-7.
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e CA3162, CA3162A

' "Timing Diagram .

>

200mY

12

5 (LSD) T

} 500mVv

4 (MSD) 1

} 530mV

PIN NUMBER

30 ‘ l Y soomy

Zma/DIYISION
FIGURE 1. HIGH SPEED MODE

Detailed Description

+ The Functional Block Diagram of the CA3162E shows the VA
cenverter and reference cumrent generator, which is the heart
of the system. The VA convensr converts the input voltage
applied between pins 10 and 11 to a curent that charges the
integrating capacitor on pin 12 for a predetermined time inter-
val. At the end of the charging intervai, the VA converter is dis-
connected from the integrating capacitor, and a band gap

3

reference constant currencsource of oppasite polarity is con-
nected. The number of clock counts that elapse before the-
charge is restored to its original value is a direct measure of
the signal induced current. The restoration is sensad by the

- comparator, whictt in tum latdlesmecoumecThecourKLs

then multiplexed to the BCD outputs.

The timing for the CA3162E is supplied by a 786Hz ring oscil-
lator, and the input at pin 6 determines the sampling rate. A
5V input provides a high speed sampling rate (96Hz), and.
grounding or floating pin 6 provides a low speed (4Hz) sam-
pling rate. When pin 6 is fixed at +12V (by placing a 12K
resistor between pin 6 and the +5V supply) a “hold” feature is
available. While the CA3162E is in the hold moda, sampling
continues at 4Hz tut the display data are latched to the last
reading prior to the application of the 1.2V. Removal of the
1.2V restoras continuous display changes. Note, however
that the sampling rate remains at 4Hz.

Figure 1 shows the timing of sampling and digit select pulses
for the high speed made. Note that the basic A/D conversion
pracess requires approximatsly Sms in both modes.

The “EEE” or “~" displays indicate that the range of the sys-
tem has been exceeded in the positive or negative direction,
respectively. Negative voltages to -99mV are displayed with
the minus sign in the MSD. The BCD code is 1010 for a nega-
tive overrange (—) and 1011 for a positive overrange (EEE).

NOTE2  +5V
NQTE 1 o
W=L.6)4
[ oz7uF |7 J_
NOAMAL 18) (1) (16) (18 16 NSO
LOW SPEED MODE:
V6 = GROUND OR
OPEN :
1
HOLD: y
Yg¢= 12V °-'@— 3
HIGH SPEED MODE:
Vg= 5V
CA31E2E . CA3ISIE
12
i
D 09—
e 204
INPUTS
Low ©a
23,
; <RT < R2 R3<
(3) S1sea %1500 1500 >
10 CA3162E 1' cAsteE 1»
GAIN 0% PINS PINS.
ADS 3,4,5 1,2.15.18
. —ad — he—2 — e e
1. Thecapacitor used hera must be a low dielectric absorption type-
such as a polyestas or polystyrene type.. 8C0 SEGMENT
2. This capacitor shouid ba piaced as closa as possible to the power m ORSIVERS
and ground Pins of the. CAT61E. E— —_—

FAGURE 2. BASIC DIGITAL READOUT SYSTEM USING THE CA3162E AND THE CA3161E




CA3162, CA3162A
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CA3162E Liquié.. . .ystal Display (LCD) Appiication

Figure 3 shows the CA3162E in a typical LCD application.
LCDs may be used in favor of LED displays-in applications
requiring lower power dissipation, such as battery-operated
squipment. or when visibility in high-ambient-light conditions
is desired. ‘

Multiplexing of LCD digits is not practical, since LCDs must
Je driven by an AC signal and the average voltage across
sach segment is zero. Three CD4056B liquid-crystal
lecoder/drivers are therefore used. Each CD40568 contains
an input latch so that the BCD data for each digit may be
atched into the decoder using the inverted digit-salect out-
wuts of the CA3162E as strobes.

e capacitors on the outputs of inverters G3 and G4 filter
wit the decode spikes on the MSD and NSD signals. The
:apacitors and pull-up resistors connected to the MSD, NSD

and LSD outputs are thers to shorten the digit drive signal
thereby providing proper timing for the CD40568 latches.

inverters G1 and G2 ara used as an astable multivibrator to
provide the AC drive to the LCD backplane. Inverters G3, G4
and GS are. the digit-select inverters and require pull-up
resistors’ to interface the open-collector outputs of the
CA3162E to CMOS logic. The BCO outputs of the CA3162E
may be connected directly to the corresponding CD40568
inputs (using puil-up resistars). In this arrangement, the
CD4Q568 decodss the negative sign (-} as an “IC and the
positive overload indicator (E) as an “H™.

The circuit as shown in Figure 3 using G7, G8 and G9 will
decode the negative sign (-} as a negative sign (-). and the
positive overioad indicator (E) as “H".

I'OS'V o
0.047,
11: ol N 1 18 L—-
u IR 0.047uF § N S
s I—-_- :cmossa | _ [ oFLco
1 -
; » Al
x2S 4 A .
s s T pgbS —E_I
~ 027uF 3
b2y
5V
= 5 14 12 ¢ |MSO v e L
S0kQ NSD ,":F Al %/ 1 16 e
*liso 0.047uFye A=
9 5 ? .047u {C 0.047% s [l
18 - = 4 r— TO NSO
casie2e 122 , Co4cssa __r OF LCD
“HoLD™ o——d Y
1 3 e
ad
Vin+ © 11 2 5 5 s
)
Qrmem——— >
Vm- 1013 7 ; 4x:E ;: <& <& -:- |
GAIN —g I‘sv
10kQ — b
L -L 1 16 |-
> +5Y [ S
L - 4 —
[ G’[ o Cosss8 --r OFLCO
GT - G§z CD4049UB I ‘ 3 —
HEX INVERTER- 5, .
G7, G8, Ge: C040238 )
TRIPLE 3 INPUT NAND GATE . I )
_ TaLCD
= BACKPLANE
15k
10060 083uF

*  FIGUREZI. TYPICAL LCO APPUICATION




/ : CA3162, CA3162A

The additional logic show 4ithin the dotted area of Figure 4
restoras the negative sign (-), allowing the display of nega-
live numbers as low as -99mV. Negative overrange is indi-
cated by a negative sign (-) in the MSD positicn. The rest of
the display is blanked. During a pasitive overrange, only seg-
ment b of the MSD is displayed. One inverter from the
CD40498 is used to operate the decimal points. By connect-
ing the inverter input to either the MSD or NSD line either
DP1 or DP2 will be displayed.

1162E Common-Cathode, LED Display Application

r8 4 shows the CA3162E connectad to a CD4511B
xde/driver ta operate a common-cathode LED dispiay.
@ the CA3161E, the CD4511B remains blank for ail
} codes greater than mine. After 999mV the display
ks rather than displaying EEE, as with the CA3161E.
in displaying negative wvoitage, the first digit remains
k, instead of (-), and during a negative or positive over-
a the display blanks.

LS Y (SN EN Y

AR AN L NS NN AN S TN NNNS

L
%cmmsua
™ A A Bow g /= b\ v v
+ {18 Vepsee o
ot ARSI E AN HP5082-7433
= A 120 OR EQUIVALENT
< 3|LT g me ,1 AAA,
100kQ < 100k 1.8k
< 1
418L a Eﬁv‘vAv 3
Vo —{5]LeSTRoBE 6 Bl P
100k2 100k0 3 {s]o ¢ E}?ﬂw——- 12} 11} 10f 9| s} 7I
7]A d_’._'c_h‘v;-‘v t a g b cy
+{s]ano e[S WA— 7 ,lj 7
Y+ P N I—‘ o _1 .)_‘
o ~ - OP1  DP2
1({B pne cy 8 @ ¢ dp
100< 100 3 100 gt CA3t62E :IJ > i =
I T | —2]a ¢ hsf—- 1] 2] 3] 4] 5] s
—{3]nso Ve flaf——o-ve
1 — .
{sJuso  canfplr—ro % >
! WF 10kQ
5|Lso INT 12 oo
o—Fs|HoD  HiGH it L I D
- - -
_E—E GND  Lowfio
= § BUFFERS
8|ZERO ZERO(9® ‘ M ,
v.
A INPUT
i A A
vw
50k

FIGURE 4. TYPICAL COMMON-CATHODE LED APPLICATION
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Die Charac:- .ristics
DIE DIMENSIONS:

101 x 124 x 20 = 1mils

METALLIZATION:
Type: Al

skA =2.5KA

GLASSIVATION:
Type: 3% PSG

Thickness: 17.

KA £2.5KA

Metallization Mask Layout

Thickness: 13
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