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Abstract

A device used for sending an analog signal by radio wave has been
developed. The 8 channels analog voltage ranging from 0 to 4.096V was digitized
by a 10 bits resolution successive approximation A/D converteer, MAX192. A 20
pins DIP microcontroller, AT89c2051, was used to control the A/D converter. The
thespecial project has been developed for Centralized Remote Monitoring System |,
CRMS. Three parts of it are developed - RF-Linked Analog Sender , RF Modem ,
and Software on Microcomputer.

RF-Linked Analog Sender is developed to Half-duplex communication ,
minimize printed circuit board , and include Telecontrolling. This schematic consists
of Successive Approximation type of Analog to Digital Conversion (ADC) which
have 8 channels of signal and 10-bit resolutions range 0 - 4.096V, MCS-51
microcontroller , Asynchronous 1200 bps FSK Single Chip Modem , Power device ,
eg. Stepping Motor , driver and 2 metres radio tranceiver.

RF Modem , also developed to Half-duplex communication , interfaced with
microcomputer via RS-232 serial port which is controlled by software developing

for Windows operating system.
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3.PortOpen  i1ln 130 Ya wasmoynsud laded q 13
Mscomm.PortOpen = True [Hawein

Mscomm.PortOpen = False Tanosn

o H 1 Y o =1 {
4. Input ihmdeyadiegly dWmeidrsudeya wuiy Tu string A
o {1 4 a H o kY] o o
fvua fAedeyaiiduduniinouiuneinguny’ll iiesdsudeya

Msglnput = Mscomm.Input  fnausunezgafiuly String Msginput

5. Output  dedoynoon laudsudoyai ieifdidoya

Mscomm.Output = “ Hello” th‘i’l'ﬂy.a “ Hello”
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6. InBufferCount  ifumsieyalu trirlesdrsudeyn el lds
yasdeyaiigndes uazannsoasvaeudeyaiisudund
Do
Do Event
Loop Until Mscomm.BufferCount >= 20
Msg = Mscomm.Input
Tilsunsuezaugileznd deyaluiiesdsudeya vzdiar wnnduiidu 20
& fumsasngeui ldeyansuiniitmuanseli
7.0utBufferCount  1¥lumsindesiniesdrdadoya
Mscomm.OutBufferCount = 0

[ ) [ Y d'

T lumandesididesadsdoya wdsnandsdoyala q sen’lyl wve hilifa
denanmaluntsdedeyantanely
Tilsunsudaedne lumsdndenumeineynsu

Sub Form_ Load ()

Dim Instring as String

Mscomm.CommPort = 2 ‘ Com 2
Mscomm.Settings = N 9600, N,8,1”
Mscomm.PortOpen = True

Mscomm.OutPort = “AT" + Chr§(13)
Mscomm.OutBufferCount =0

Do

Do Events ()

Loop Until Mscomm.InBufferCount >= 2
Instring$ = Mscomm.Input
Mscomm.PortOpen = False

End Sub
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Tosunsumelunng 2 Alalud uvuudas wiefiSenfudn Programable and
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o, Toumauazieniyadnin 15 in, ffuuasidnm nna 16 n 2 @,
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4.1.1.2 fMfazundgyauvedl AT89C2051
anyazatauuuy PDIP ( Plastic Dual - Inline - Package ) Y410
20 1 uanadaglit 4.2 minsdidfuszuy 8051 sxvieanndleldhinn i
uaneedrfgyfidunaldFanufie 1o wesa fifieawesn 1 dunu 8 Tn szy
47 P10 - PL7 Yodaunmagnuh PLO uag P11 HiflendwaSufio AINO uaz

AIN1 Hhupunaenduynyensesaoumsuaes 31 4.3 ugasiaasmely

Pin Configuration

PDIP/SOIC
— ]
RST d 1 20 |1 veC
{(RXD) P3.0 ]2 19} 1 P1.7
(TXD) P3.1 | 3 18fipPi6
XTAL2 1] 4 17 iP5
XTAL1 115 161 1P1.4
(INTO) PS.2 (] 6 15{1P1.3
(INT1) P38 1] 7 14]|1P1.2
(To) P34 "] 8 13 | 1 P1.1 {AIN1)
(T1)P3.5(}9 12 { ) P1.0 (AIND)
GND [} 10 n P3.7

3171 4.2 uaANYEY ATSIC2051

gt ase ldesufoudeudaailowduniian PLO waz PLI
18Tnse1wiymezdedy P3.6 Feamnsasuidnelilsunsy fufunedn P36 Sal
I@nefuuinouen wesa 3 Seilifies P3.1 - P3.5 uaz P37 dwmiuilsdduieden
fanaldanldmilouiugilaszga 8051 vesduma MvazBoadaaamainih

asauaz Iladuvesndyanaudazan qldlumanuon
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4.1.2 TuduFUifRer TCM3105 ( Single Chip Modem )

TcM3105 1w Tududlines wuvesdalasiia ESK
malulat Silicon Gate CMOS technology safudvamilaenssy  switched

4 aa o o =
capacitor FINDUUNANIVANUNININII§IU CCITT V.23 uag BELL 202 Taoiis e

-~ v o o dy
zmammmmazmmnﬁ‘lumu

i3
Tagears19aun

- 91 Vp, e Vg Hundnsutloudyananides

- 41 TXR1, TXR2 tiaz TXRS 1FHudafdmuadasus%se baud

rate Tumsifeaisdoya qldvinasied 4.1

- 41 RxD ag TxD Fuwnililumssvddoyauvudinea

- 91 RxA tag TxA Wunildlumssudsdygammuusunasn

- 91 RxB iiluanlumsisulueaanmeusnvssnindums 1

msgaidensegmiimefige

- 41 Oscl #ag 0sc2 WuvinldlunmsFeudaiueeadiames ( lag

M l1udresldaSanoa 4.4336 MHz ) d1ldeeadiames nvuenszdade

WU Oscl Tasan Osc2 Yassaoeely

31 4.4 Tduaaslaezunsuves TCM3105 waznesiuguvessluaas13degili

2 a a a )
4.5 ’mmiﬂﬁﬂ‘B‘li’lﬂaztﬂUmwnmu"lﬂi]‘lﬂ Datasheet ‘I‘Hﬂ']ﬂNu'Jﬂ

{7

BIAS ADJUST

RXB ———-r

{4)

RECEIVER

(8)

——— RXD

(3 coT

(2) CLK

ANALOG INPUT RXA——[
o) CARRIER

LEVEL ADJUST  CDL DETECTOR
{13)(12)(5 +

TXR1, TXR2, TRS ~125)) TIMING
MASTER CLOCK (INTERNAL) coﬁ#,?m

(14}

DIGITAL INPUT  TXD TRANSMITTER

(11)
TXA

DIGITAL QUTPUT

DETECT OUTPUT

CLOCK OUTPUT

ANALOG QUTPUT

st 4.4 laezunsuvesluduFilifer TCM3105
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0sc1 0sc2 Vss

(15} (16)‘[9)
T T

vpo Vpo
=7)] 1o~
={ Rx8 cDL
{5) {1}
Vpp.Vss.OR CLK —— TRS VoD Vop
(11}
}— TXA
14)
TXD y <
—  2.wiRE
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4WIRE FSK MODEM LLuil <::>
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RXD 2
(4}
—b)}— RXA
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CLK . L
13
TXR1 -4
TXR2 Akl -4
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coT —>-

¥.iCRO-
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- TRANSMIT RECEIVE LK
TRANSMITTED RECEIVED FREQUENCY FREQUENCY
STANDARD | TRS | TXR1| TXR2 a FREQUENCY
BAUD RATE BAUD RATE ASSIGNMENTS | ASSIGNMENTS (KH2)
z i
{Hz) {Hz}
M 1300 M 1300
L L L 1200 1200 19.11
S 2100 S 2100
M 1300 M 390
H L L 120 7 .
0 C S 2100 S 450 1.1
. M 1300 M 390
L L H 600 75 9.56
S 1700 S 450
coiTT M 1300 M 1300
H L H 500 .
v.23 F 5% s 1700 S 1700 e
M 390 M 1300
L H L 75 1200 19.11
S 450 S 2100
M 390 M 1300
H H L 75 600 9.56
S 450 S 1700
M
L H H 75 75 5 % e 1.19
S 450 S 450
— ™ M
ClK| L L 1200 1200 i 609 19.11
S 2200 S 2200
— M 00 M 387
ClK/8; L H 1260 150 42 19.11
S 2200 S 487
— M 1200 M 387
Clk/8| L H 1200 5 (v 2 19.11
S 2200 S 0
7 M 1200
BELL 202 | CLK| H L 150 1200 L\ > 19.11
S 487 S 2200
87 M 7
ClK|{ H H 150 150 W P 2.39
S 487 S 487
cikt} wHt| Lt M 387 M 1200
5 1200 19.11
HT] wHY] HT S 0 S 2200
H H H Transmit 1200 Transmit M 1200 19.11
Disabled Disabled S 2200

A15199 4.1 uaad Ivualunsninu
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; Miniature Analog Sender 5

; MAS-01Z ;
S SRR R R R
HHUHHI R,

;Designed and Developed by Badin
Damrongsakd

;3rd Jan 1997

:Modified by Badin Damrongsakd

;4th Mar 1997

;Hardware: AT89¢2051 ( 8-Bit Microcontroller
with 2KBytes Flash PEROM )

5 MAX192 ( 8-Ch., Serial 10-Bit Successive
Approximation ADC )

; TCM3105 ( 1200 BPS FSK Modem )
;Optioned: ULN2003 ( High Current/Voltage
Darlington Drivers )

CPU
HOF

"8051.TBL"
l'lINTs'l

;MCS-51 INTERNAL REGISTERS

14

B: EQU OFOH ;B REGISTER
ACC: EQU (OEOH ;ACCUMULATOR
PSW: EQU ODOH ;PROGRAM
STATUS WORD

IPC: EQU 0B8H ;INTERRUPT
PRIORITY

P3: EQU OBOH ;PORT3

IEC: EQU  0A8H ;INTERRUPT
ENABLE

P2: EQU 0AOH ;PORT2

SBUF: EQU 99H ;SEND BUFFER
SCON: EQU 98H ;SERIAL CONTROL
P1: EQU 90H ;PORTI1

THI: EQU 8DH ;TIMER1HIGH
THO: EQU 8CH ;TIMER OHIGH
TLI: EQU 8BH ;TIMER1LOW
TLO: EQU 8AH ;TIMEROLOW
TMOD: EQU 89H ;TIMER MODE
TCON: EQU 88H ;TIMER CONTROL
PCON: EQU 87H ;POWER CONTROL
REGISTER

DPH: EQU 83H ;DATAPOINTER
HIGH

DPL: EQU 82H ;DATAPOINTER
LOW

SP: EQU 81H ;STACK POINTER
PO: EQU 80H ;PORTO

;MCS-SI INTERNAL BIT ADDRESSES

CY:

EQU O0D7H ;CARRY FLAG
AC: EQU O0D6H ;AUXILIARY-
CARRY FLAG

FO: EQU ODSH
RSI: EQU OD4H
MSB

RSO: EQU OD3H
LSB

OV: EQU OD2H
P: EQU ODOH
PS: EQU 0BCH
PORT

PTI: EQU OBBH
PXl: EQU OBAH
EXTERNAL 1

PTO: EQU OBYH
PX0: EQU OBSH
EXTERNAL 0

EA:  EQU  0AFH
INTERRUPT

ES: EQU 0ACH
INTERRUPT

ETI: EQU O0ABH
INTERRUPT

EXl: EQU  0AAH
1 INTERR

ETO: EQU  O0A9H
INTERRUPT

EX0: EQU  0ASH
0 INTERR

SMO: EQU  O9FH
SMI: EQU  09EH
SM2: EQU  09DH
REN: EQU  09CH
ENABLE

TBS: EQU  09BH
RBS: EQU 09AH
TI: EQU  099H
INTERRUPT FLAG

RI: EQU  098H
FLAG

TFI:  EQU  O08FH
FLAG

TRI:  EQU  0SEH
CONTROL BIT

TFO: EQU  08DH
FLAG

TRO: EQU  08CH
CONTROL BIT

IEl:  EQU 08BH
FLAG

ITl: EQU  08AH
FLAG

IE0: EQU 089H
FLAG

IT: EQU  088H
FLAG

P0.0: EQU  080H
P0.1: EQU 08IH
P0.2: EQU  082H
P03: EQU 083H
P0.4: EQU  084H
P0.5: EQU  085H

we Mo we we we wse

:USER FLAG 0
:REGISTER SELECT

;REGISTER SELECT
;OVERFLOW FLAG
;PARITY FLAG
;PRIORITY SERIAL

;PRIORITY TIMER 1
;PRIORITY

;PRIORITY TIMER 0
;PRIORITY

;ENABLE ALL
;ENABLE SERIAL
;ENABLE TIMER 1

;ENABLE EXTERNAL
;ENABLE TIMER 0
;ENABLE EXTERNAL
;SERIAL MODE 0
;SERIAL MODE 1
;SERIAL MODE 2
;SERIAL RECEPTION
;TRANSMITT BIT 8
;RECEIVE BIT 8
;TRANSMIT
;RECEIVE INTERRUPT
;TIMER 1 OVERFLOW
;TIMER 1 RUN
;TIMER 0 OVERFLOW
;TIMER 0 RUN

;EXT INTERR. 1 EDGE
;EXT INTERR. 1 TYPE
;EXT INTERR. 0 EDGE

;EXT INTERR. 0 TYPE



P0.6: EQU
P0.7: EQU
P1.0: EQU
Sender

Pl.1: EQU
Sender

P12: EQU
Sender

P1.3: EQU
Pl4: EQU
MAX192
P1.5: EQU
MAX192
Pl1.6: EQU
MAX192
P1.7: EQU
p2.0: equ
p2.1: equ
p2.2: equ
p2.3: equ
p2.4: equ
p2.5: equ
p2.6: equ
p2.7: equ
p3.0: equ
Phase 1

p3.1: equ
Phase 2

p32: equ
Phase 3

p3.3: equ
Phase 4

p3.4: equ
p3.5: equ
p3.6: equ
p3.7: equ
p3.0: equ
p3.1:  equ
p3.2: equ
p3.3: equ
p34:  equ
p3.5: equ
p3.6: equ
p3.7: equ
SOH: EQU
EOT: EQU
NAK: EQU
ACK: EQU
FLAG: EQU
BS: EQU
FS: EQU
CR: EQU
LF: EQU
EOS: EQU
SYN: EQU

SPACE: EQU

086H
087H

090H

091H

092H

093H
094H

095H

096H

097H

0alh
Oalh
0a2h
0a3h
0Oadh
0ash
0a6h
0a7h

0bOh

Oblh

Ob2h

0b3h

Ob4h
0b5Sh
0b6h
0b7h

0b0Oh
Oblh
0b2h
0b3h
Ob4h
Obsh
Ob6h
0b7h

01H
04H
15H
06H
7EH
08H
0CH
ODH
0AH
10H
16H
20H

; Set Address of
; Set Address of

; Set Address of

: Chip Selected for
; Serial Clock for
; Data Out for

; Data In for MAX192

; Drive Stepping Motor
s Drive Stepping Motor
; Drive Stepping Motor
; Drive Stepping Motor
; Rxd_NRZI

; Tx_NRZI

s

s PTT

XOFF: EQU 13H
XON: EQU 11H
BREAK: EQU 00H
ORG 0000H
LIMP MAIN_TIMER
ORG 0100H
;HEX TO ASCH CONVERTER
:ENTRY: A
sEXIT: A
HEX2ASCII: CLR C
MOV R6,A ; Save hex value in R6
SUBB A #0AH ;if A<O0AH then C
=1
JC  HEX_09 ;elseC=0
HEX_AF: ADD A#41H ;4lhis"A"
(ascii)
RET
HEX _09: MOV  AR6 ; Return first
value
ADD A#30H ; 30h is "0" (ascii)
RET
;ASCII TO HEX CONVERTER
;ENTRY: A (30-39 for 0-9, 41-46 for A-F, 61-66 for
a-f)
;EXIT: A
ASCII2ZHEX: CLR C
MOV R6,A ; Save ascii value in
R6
SUBB A, #61H ; IFA<61h("a")
thenC=1
JC  ASCIL_AF ;elseC=0
ADD A #0AH
RET
ASCILAF: CLR C
MOV AR6 ; Return first value
SUBB A #41H ; IfA <41h ("A")
thenC=1
JC  ASCIL_09 ;elseC=0
ADD A#0AH
RET
ASCIL 09: CLR C
MOV AR6
SUBB A,#30H ; If A is a number in
ascii
RET ; Result A = number in
hex

;16 BIT BINARY TO BCD CONVERSION

;ENTRY: LO_BIN,HI_BIN
:EXIT: LO_BCD,HI_BCD



LO_BIN: EQU 2AH
HI_BIN: EQU 2BH
LO_BCD: EQU 2CH
HI_BCD: EQU 2DH
BIN2BCD: MOV LO_BCD,#00H ;
First, Clearing value in memory
MOV HI BCD#00H ;of
LO_BCD and HI_BCD
MOV  A,LO_BIN
CINE A#00H,CONV1 ; Check
LO BIN=0?
SIMP CHK_HI BYTE ;If
LO_BIN =0 then Check HI_BIN
CONVI: MOV R6,LO_BIN  ;Put
LO_BIN to R6 for turns of loop
CON: CLR C
MOV ALO_BCD
ADD A#0IH
LO BCD+1
DAA
MOV LO_BCD,A
MOV  AHI BCD
ADDC A#00H
HI_BCD +C
DAA
MOV HI_BCD,A
DINZ R6,CON
CHK_HI_BYTE: MOV AHI_BIN
CINE A,#00H,CONV2 ; Check
HI_ BIN=07?
RET ; If HI_BIN =0 then

; Clear carry flag

; LO_BCD =

; HI_BCD =

end
CONV2: DEC HI_BIN ; else
HI_BIN=HI_BIN -1
MOV  R6,#00H
for 256 turns of loop
SIMP CON

; Put zero to R6

;#"t#*#****#**t*##*i*##**i***##*##*#t#*
*kk.

’ SERVICE ROUTINES FOR TCM3105

ws we we

1200BPS FSK MODEM -

« 3 s af s e o s s s sl e e ol afe ofe e s s of o ke e o o ek e s sk e s ke ok sk sk ok de ok ok
.

; Designed by Wichit Sirichote

; Modified by Badin Damrongsakd

]

s P3.4=>RX

; P3.5=TX

; P3.7=>PTT
PTT: EQU P3.7
TALK SIGNAL TO RADIO
RX: EQU P34
TCM3105

TX: EQU P35
TCM3105

TX_NRZI: EQU 14H ; SERIAL
BUFFER NRZI DATA BIT

RXD NRZI: EQU 21H ; 24H BIT
1 CORRESPONDING TO 0AOH P2.1

; PUSH TO
; RXD FROM

; TXDTO

BCC: EQU 33H ; BYTE CHECK
SUM 2'S COMPLEMENT OF SUM BYTE
RXD NRZ: EQU 25H

;SEND_NRZI SEND A TO TxD P3.4 BY
SOFTWARE GENERATED ASYNCHRONOUS
NRZI

;ENTRY: A

;EXIT: TX_NRZI

SEND_NRZI: SETB RSO
SETB RSI1
PUSH ACC

; select bank 3

CPL TX_NRZI
STATE IN SBUF BECAUSE
: WE'RE GOING TO SEND

; INVERT LAST

START BIT 0"
MOV CTX_NRZI
MOV  TX.C ; SEND TO P1.1 TxD
LCALL DELAY_1200BPS
; THEN DO,D1..D7
MOV  R74#08D
NRZIl:  RRC A
JC NO_CHANGE ;NO CHANGE IF
BIT TO BE SENT IS '1"

CPL TX_NRZI ; ELSE 0 BIT TO
BE SENT THEN COMPLEMENT
MOV  C,TX NRZI
MOV TX,C
; SEND TO TxD
SIMP DELAY1200

NO_CHANGE:

MOV C,TX NRZI

MOV TX,C  ;NOCHANGE FOR
1 l 1]

DELAY1200: LCALL DELAY_1200BPS
DINZ R7NRZII

MOV CTX_NRZI ;SEND STOP
BIT 'l'i.e., NO CHANGE

MOV TX,C

LCALL DELAY_1200BPS

LCALL DELAY_1200BPS

CLR RSO ; Resume bank 0

CLR RSI1

POP ACC

RET

;:DELAY_1200BPS DELAY 833 MICROSECOND
(1/1200 BIT/S)

DELAY_1200BPS: MOV  R5,#02H
DELAY1: MOV R4,#0BDH
DELAY2: DINZ R4,DELAY2



DJNZ RS,DELAYI
RET

;DELAY_1200_1.5 DELAY 833 + 833/2
MICROSECOND
DELAY_1200_1.5: MOV  R5,#03H
DELAY3: MOV  R4,#0BDH
DELAY4: DINZ R4,DELAY4
DINZ RS5,DELAY3
RET

;DELAY_1200_0.5 DELAY 833/2
MICROSECOND

DELAY_1200_0.5: MOV R5#01H

DELAY5: MOV R4,#0BDH

DELAY6: DINZ R4,DELAY6
DINZ RS,DELAYS
RET

;DELAY_PTT DELAY FOR PRESSING PTT
BEFORE SEND MESSAGE (200 ms)

DELAY_PTT: MOV R6,#02D
DELAY?9: MOV  R5,#240D
DELAY7: MOV R4,#0BDH
DELAYS: DINZ R4,DELAYS
DINZ RS,DELAY7
DINZ R6,DELAY9
RET

:RECEIVES_NRZI

;ENTRY: -
;EXIT: A

RECEIVES_NRZI: ; CHECK
START BIT BEFORE FOR

SYNCHRONIZATION EACH FRAME
SAMPLING1: SETB RX ; WRITE
'l' BEFORE THEN READ BACK
MOV CRX
MOV (EIH,C
XRL A24H
WE SAVE LAST STATE
; OF RXD_NRZI
JB  OEIH,FOUND_CHANGE
SIMP SAMPLING1 ; WAIT
UNTIL FOUND SIGNAL CHANGE

; BIT 1IN 24H

FOUND_CHANGE: SETB RX

MOV CRX

MOV RXD_NRZLC ;UPDATE
RXD TO NEW VALUE

LCALL DELAY_1200_1.5 ; GET
DO FIRST

MOV  R7#08D
GET NRZI: SETB RX
MOV CRX

MOV 0EIH,C
XRL A24H

JB  OEIH,FOUND_ZERO
SETB C

MOV ARXD_NRZ

RRC A

MOV RXD_NRZA
SIMP GET_NEXT_BIT

FOUND_ZERO: SETB RX

MOV CRX

MOV RXD_NRZLC :UPDATE
BEFORE

CLR C ; PUT '0' TO RXD_NRZ
MOV  ARXD_NRZ
RRC A

MOV  RXD_NRZA

GET_NEXT_BIT: LCALL DELAY_1200BPS
DINZ R7,GET_NRZI
RET ; IGNOR STOP BIT

LCALL DELAY_1200BPS ;STOP BIT
NO CHANGE LAST STATE
; FROM SENDER
MOV  A,RXD_NRZ
RET

;SEND CR AND LF IN NRZI FORM

9

TXD_CRLF_NRZI: MOV A#CR
LCALL SEND_NRZI
MOV ~ A#LF
LCALL SEND_NRZI
RET

;SEND SPACE IN NRZI FORM

TXD_SPACE_NRZI: MOV = A#SPACE
LCALL SEND_NRZI
RET

;SEND STRING IN NRZI FORM

;ENTRY: DPTR

;EXIT: -

SEND_STRING_NRZI: CLR A
MOVC A ,@A+DPTR
CINE AM#EOS,SEND_STRING2
RET

SEND_STRING2: LCALL SEND_NRZI
INC DPTR
SIMP SEND_STRING_NRZI

;SEND BYTE IN NRZI FORM ( with optioned 2's
complements )

;ENTRY: A
;EXIT: -



; P1.4=>CS (CHIP SELECT ACTIVE"

SEND_BYTE_NRZI: MOV R4,A ; LOW")

Save value to R4 DOUT: EQU Pl.6 ; DATA OUTPUT
SWAP A ; For send high DIN: EQU P1.7 ; DATA INPUT

nibble first SCLK: EQU P15 ; Serial Clock
ANL A#OFH ; Clear old low CS: EQU P14 ; Chip Select

nibble TB1: EQU  30H ; TRANSMIT BYTE
LCALL HEX2ASCII RB2: EQU 31H ; RECIEVE HIGH BYTE

RB3: EQU  32H ; RECIEVE LOW BYTE

push acc ; Sum data in ascii

form ;TRANSMIT INITIAL DATA FOR CONTROL
add abcc MAX192
mov  bcc,a 3
pop acc =

LCALL SEND_NRZ|
MOV AR4 ; Return value in ;
R4to A ; B7 B6 BS B4 B3 B3 Bl B0

;CONTROL-BYTE FORMAT

ANL A #OFH ; STRT SEL2 SEL1 SELO U/BI S/DF PDNI1
LCALL HEX2ASCII PDNO
push acc ; NOTE: Sending control-byte at rising edge on SCLK
add abce 5 Send "start” bit first (MAX192 operate when CS
mov bcc,a = low and first logic
pop acc ; "I" arriving to DIN)
LCALL SEND_NRZI ;ENTRY: A=CONTROL-BYTE
;EXIT: -
RET
SEND TBI: CLR C
MOV  R7,#08H
RBI: RLC A ; Send MSB first
:Send analog data in NRZI digital format to MOV DIN,C
Central Work Station SETB SCLK
K CLR SCLK
DINZ R7,RBI
;ENTRY: - RET
;EXIT: - ;RECEIVE OUTPUT DATA HIGH BYTE (B9-B2)

SEND_FRAME: MOV A#SOH

LCALL SEND_NRZI
MOV A #SOH

LCALL SEND_NRZI
LCALL SEND_ALL

mov  abcc
cpl a

inc a

LCALL SEND_BYTE_NRZI

MOV  A#EOT
LCALL SEND_NRZI
RET

-******##‘i#*tt*###*###*##*#**t***#*###;

SERVICE ROUTINES FOR MAX192
8 ch. SERIAL 10-BIT S/AADC

~“#***##*#**t*t“#t#‘*****t**#t#*###*#;

P1.7=>DIN (DATA INPUT)
P1.6 =>DOUT (DATA OUTPUT)
P1.5=>SCLK (SERIAL CLOCK)

; NOTE: Data is clocked out at the falling edge of
SCLK in MSB-first

;ENTRY: -

;EXIT: A

RECEIVE RB2: CLR A
CLR C
MOV R7#08H
RECI: SETB SCLK
CLR SCLK
MOV CDOUT
RLC A ; Receive MSB first
DINZ R7,RECI
RET

;RECEIVE OUTPUT DATA LOW BYTE (B1-B0,S1-
S0,4 ZEROS)

9

; NOTE: Data is clocked out at the falling edge of
SCLK in MSB-first



; S1 and SO are Sub-L.SB

;ENTRY: -
;EXIT: A

RECEIVE RB3: CLR A
CLR C
MOV  R7.#08H
REC2: SETB P1.5
CLR PLS
MOV CDOUT
RLC A
DINZ R7,REC2
RET

;MAX192 10 BIT A/D CONVERSION

s NOTE: Step of conversion

; 1. Define value in control-byte
; 2.CS=low

5 3. Send control-byte (TB1)
; 4. Receive RB2

; 5. Receive Rb3

; 6. CS = high

;ENTRY: TB1
;EXIT: RB2,RB3 (31H,32H)

CONV_192: PUSH ACC
MOV  ATBI
CLR CS
LCALL SEND TBI1
LCALL RECEIVE_RB2
MOV RB2,A
LCALL RECEIVE RB3
MOV RB3,A
SETB CS
POP ACC
RET

;SEND CONVERSION DATA FROM A/D TO

MODEM

3

;ENTRY: RB2,RB3
;EXIT: -

SEND_192: MOV R7#06H ; This
loop is turn bit0 - bit7 to
CHANGE: CLR C s RB3 and
bit8 - bit9 to RB2

MOV AJRB2

RRC A

MOV RB2A

MOV ARB3

RRC A

MOV RB3A

DINZ R7,CHANGE

MOV HI_BIN,RB2 ;PutRB2to
HI_BIN, RB3 to LO_BIN for

MOV LO_BIN,RB3 ; using subroutine
BIN2BCD and MULTI4

LCALL MULTH ; Used for
maximum result = int. Vref )

LCALL BIN2BCD

MOV  AHI_BCD

LCALL SEND BYTE_NRZI

MOV A LLO_BCD

LCALL SEND_BYTE_NRZI

RET

;SCAN CHANNELS OF MAX192 AND KEEP

:ENTRY: TBI

:EXIT: 40H- 4FH
(CHO,CH2,CH4,CH6,CH1,CH3,CH5,CH7)

;  CHO=40H (KEEP HIGH BYTE) AND 41H
(KEEP LOW BYTE)

SCAN_192: CLR A

MOV RO,#40H

MOV R7#08H
SCAN: MOV BA ;Keepin B

SWAP A ; Bit 4-6 are channel
selecting bit

ORL A,TBI ; Change channel of
adc in bit4 - bit6

MOV TBILA ; on control-byte

MOV AB ;Returnto A

INC A ; Change channel by
increment A

LCALL CONV_192
MOV  @RO,RB2

INC RO

MOV  @RO,RB3

INC RO

DINZ R7,SCAN

RET

;DISPLAY ALL CHANNELS OF MAX192
;ENTRY: 40H-4FH
;EXIT: -

SEND ALL: MOV TBI#8FH
LCALL CONV_192
LCALL SEND_192
MOV  TBI,#0CFH
LCALL CONV_192
LCALL SEND_192
MOV TBI1#9FH
LCALL CONV_192
LCALL SEND 192
MOV  TBI,#0DFH
LCALL CONV_192
LCALL SEND_192
MOV TBI#0AFH
LCALL CONV_192
LCALL SEND_192



MOV  TBI#0EFH
LCALL CONV_192
LCALL SEND_192
MOV TBI#0BFH
LCALL CONV_192
LCALL SEND_192
MOV  TBI#0FFH
LCALL CONV_192
LCALL SEND_192
RET

;16 BIT MULTIPLY BY 4 FOR CONVERT
1.024V TO 4.096V (REAL VALUE)

b

;ENTRY: LO_BIN,HI_BIN
;EXIT: LO_BIN,HI_BIN

CARRY: EQU 20H

MULTI4: push b
MOV ALO BIN
MOV B,#04H
MUL AB
MOV LO BINA
MOV CARRY,B
mutiply on low byte must be
MOV AHI BIN
on high byte
MOV B,#04H
MUL AB
ADD A, CARRY
MOV HI BINA

pop b
RET

; Carry of

; keep for plus

SRR R R
HitHHH

# MAIN PROGRAM #

R b s g i
#HHR

;MAIN PROGRAM

MAIN_TIMER:

MOV  R7,#00H
POWER _DELAY: DINZ
R7,POWER_DELAY

MOV  SP#6AH

CLR PTT ; OFF TX

SETB TX NRZI ; initialize
TX_NRZI once

SETB RXD_NRZI ;
INITIALIZE RX_NRZI ONCE

TEST13: MOV  RO#50H
TO PUT COMMAND TO MEMORY

; ADDRESS

TEST14: LCALL RECEIVES_NRZI

CINE AM#SOH,TEST14 . WAIT UNTIL
FOUND START OF HEAD

LCALL RECEIVES_NRZI ;IF THE
SECOND BYTE WAS NOT SOH

. ; THEN LOOP

CINE A#SOH,TEST14 ;UNTIL

FOUND TWO CONSECUTIVE BYTE

; OF SOH

; FOUND SOH SOH THEN
GET BYTE UNTIL EOT
TESTIS: LCALL RECEIVES_NRZ]

; DO UNTIL FOUND EOT

CINE AM#EOT,TESTI16 ;
SIMP CHK_ADDR ; GO OUT LOOP

TEST16: MOV  @RO,A
INC RO
SIMP TESTI5
;Remark Ascii Format

S0his @

;51h is address (0-7)

;52h is main command (R,L,S for SE)
333h is step (1-4,E for SE)

:54h is check sum byte

CHKSUM_CMD: MOV  R2#04H
; MOV  R1#50H

; CLR A

:CHECK_CMD: ADD A,@RI

; INC RI

; DINZ R2,CHECK_CMD
; CINE  A,54H,ERROR

; SIMP  CHK_ADDR
:ERROR:  LJMP TESTI3

; P1.0 - P1.2 is assumed to hardware address
;PORT 1.0 1.1 1.2

; 00 0> @0
; 100 >@l
;01 0 >@
;110 >@3
;00 1 > @4
;101 >@5
;01 1 > @b
i 111 >@7

CHK_ADDR: MOV A51H
ANL  A#00000111B
MOV S5IHA
MOV API
ADDRESS FROM PORT 1
ANL A, #00000111B ; ALSO READ
P1.0-P1.2
CINE ASIH,TESTI3 ;CHECK
ADDRESS WITH 51H

; READ HARDWARE

; IF ADDRESS TRUE



; CONVERT SIGNAL
FROM 8 CHANNELS AND

; SEND PACKET TO
RF MODEM

CHK_COMMAND: MOV A52H
CINE A#'1",COMMANDI
SETB P3.0
LIMP TESTI13
COMMANDI: CINE
A#1",START_SEND
CLR P3.0
LIMP TESTI13

START_SEND: MOV B,#03H

RETURN_SEND: MOV BCC#00H
LCALL DELAY_PTT
SETB PTT
LCALL DELAY_PTT
LCALL SEND_FRAME
LCALL DELAY_PTT
CLR PIT
LCALL DELAY_PTT
DINZ B,RETURN_SEND
LIMP TESTI3
END



HHHHHHRHHHEHEHR R A R
s RF Modem ;

; RFM-01W ;
IR B RS A R R R
;Designed and Developed by Badin
Damrongsakd

;29th Jan 1997

;Madified by Badin Damrongsakd

;13rd Mar 1997

;Hardware: AT89¢2051 ( 8-Bit Microcontroller
with 2KBytes Flash PEROM )

;Update: DS275 ( Line-Powered RS-232
Transceiver Chip )

; TCM3105 ( 1200 BPS FSK Modem )

CPU  "8051.TBL"
HOF  "INT8"
;MCS-51 INTERNAL REGISTERS

?

B: EQU OFOH ;BREGISTER
ACC: EQU OEOH ;ACCUMULATOR
PSW: EQU ODOH ;PROGRAM
STATUS WORD

IPC: EQU 0B8H ;INTERRUPT
PRIORITY

P3: EQU 0BOH ;PORT3

IEC: EQU 0A8H ;INTERRUPT
ENABLE

P2: EQU 0AOH ;PORT2

SBUF: EQU 99H ;SEND BUFFER
SCON: EQU 98H  ;SERIAL CONTROL
PI: EQU 90H ;PORTI1

TH1: EQU 8DH ;TIMER I HIGH
THO: EQU 8CH  ;TIMER 0HIGH
TLI: EQU 8BH ;TIMER 1LOW
TLO: EQU 8AH ;TIMEROLOW
TMOD: EQU 89H ;TIMER MODE
TCON: EQU 88H ;TIMER CONTROL
PCON: EQU 87H ;POWER CONTROL
REGISTER

DPH: EQU 83H ;DATA POINTER
HIGH

DPL: EQU 82H ;DATA POINTER
LOW

SP: EQU 81H ;STACKPOINTER
PO: EQU 80H ;;PORTO

'MCS-51 INTERNAL BIT ADDRESSES

CY: EQU

OD7H ;CARRY FLAG
AC: EQU OD6H ;AUXILIARY-
CARRY FLAG
FO: EQU ODSH ;USERFLAGO
RSI1: EQU O0D4H ;REGISTER
SELECT MSB
RSO0: EQU OD3H ;REGISTER
SELECT LSB
ov: EQU O0D2H ;OVERFLOW
FLAG
P: EQU ODOH ;PARITY FLAG

PS: EQU OBCH
PORT

PTI: EQU OBBH
PX1: EQU OBAH
EXTERNAL 1

PTO: EQU OB9H

PX0: EQU OBSH
EXTERNAL 0

EA: EQU OAFH
INTERRUPT

ES: EQU 0ACH
INTERRUPT

ETI: EQU 0ABH
INTERRUPT

EXl: EQU 0AAH
1 INTERR

ETO: EQU  0ASH
INTERRUPT

EX0: EQU  0ASH
0 INTERR

SM0:  EQU  O09FH

SMl: EQU 09EH

SM2:  EQU 09DH
REN: EQU 09CH
ENABLE

TBS: EQU 09BH
RBS: EQU  09AH
TI: EQU  099H

INTERRUPT FLAG

RIE: EQU  098H

FLAG

TFl1:  EQU  O08FH

FLAG

TRI: EQU  O0SEH

CONTROL BIT

TFO: ~ EQU 08DH
FLAG

TRO: EQU  08CH
CONTROL BIT

IEl:  EQU  08BH
FLAG

ITl: EQU 08AH
FLAG

IE0:  EQU  089H

FLAG

IT0:  EQU  088H

FLAG -

P0.0: EQU  080H

P0.I: EQU O08IH

P02: EQU 082H

P0.3: EQU O083H

P04: EQU 084H

P0.S: EQU 085H

P0.6: EQU  086H

P0.7: EQU 087H

P1.0: EQU  090H

Pl.I:  EQU O091H

P12: EQU 092H

P13: EQU 093H

;PRIORITY SERIAL

;PRIORITY TIMER 1
;PRIORITY

;PRIORITY TIMER 0
;PRIORITY

;ENABLE ALL
;ENABLE SERIAL
;ENABLE TIMER 1
;JENABLE EXTERNAL
;ENABLE TIMER 0
;ENABLE EXTERNAL
;SERIAL MODE 0
;SERIAL MODE 1
;SERIAL MODE 2
;SERIAL RECEPTION
;TRANSMITT BIT 8
;RECEIVE BIT 8
;TRANSMIT
;RECEIVE INTERRUPT
;TIMER 1 OVERFLOW
;TIMER 1 RUN
;TIMER 0 OVERFLOW
;TIMER 0 RUN

;EXT INTERR. 1 EDGE
;EXT INTERR. 1 TYPE
;EXT INTERR. 0 EDGE

;EXT INTERR. 0 TYPE

We e we W we we we we

; Rxd_NRZI
; Tx_NRZI



Pl4: EQU 094H ; ;SEND A TO RS-232
P1.5: EQU 095H ;
Pl.6: EQU 096H ;OPTIONS ;ENTRY: A
P17: EQU 097H ;OPTIONS sEXIT: -
p2.0: equ  0Oalbh SEND: JNB TILSEND
p2.1: equ Oalh CLR TI
p2.2: equ 0Oa2h MOV SBUF,A
p2.3: equ Oa3h RET
p2.4: equ Oadh
p2.5: equ Oash
p2.6: equ  0Oa6h :RECEIVE FROM RS-232
p2.7: equ 0Oa7h 3
;ENTRY: -
p3.0: equ  0bOh ;EXIT: A
p3.1: equ  Oblh
p3.2: equ  Ob2h RECEIVE: JNB RLRECEIVE
p3.3: equ  Ob3h CLR RI
p3.4: equ Obdh MOV  A,SBUF
p3.5: equ  0bSh RET
p3.6: equ  Ob6h
p3.7: equ 0Ob7h
;sRECEIVE FROM RS-232 WITH ECHO
SOH: EQU O1H 3
EOT: EQU 04H ;ENTRY: -
NAK: EQU 15H ;EXIT: -
ACK: EQU 06H
GET_ECHO: LCALL RECEIVE
BS: EQU 08H LCALL SEND
FS: EQU OCH RET
CR: EQU ODH
LF: EQU 0AH ;SEND "CR" AND "LF" TO RS-232
EOS: EQU 10H 3
SYN: EQU 16H ;ENTRY: -
SPACE: EQU 20H ;EXIT: -
XOFF: EQU 13H
XON EQU 1TH TXD_CRLF: MOV A#CR
BREAK: EQU 00H LCALL SEND
MOV  A#LF
LCALL SEND
ORG 0000H RET
LIMP MAIN_TIMER
ORG 0100H ;SEND STRING FROM TABLE TO RS-232
;INITIAL RS-232 COMMUNICATIONS ;ENTRY: DPTR ( Point to define string )
K ;EXIT: -
;ENTRY: -
;EXIT: - SEND_STRING: CLR A
; BAUD RATE: 9600 BIT/SEC MOVC A,@A+DPTR
; DATA LENGTH: 8 BIT - CINE AM#EOS,SEND_STRING!
; STOP BIT: 1 BIT RET
5 PARITY:NO SEND_STRING1: LCALL SEND
5 X-TAL: 11.0592 MHz INC DPTR

SIMP SEND_STRING

INIT_RS232: MOV TMOD,#00100001B

MOV  SCON,#01010010B ;SEND SPACE TO RS-232
MOV THL,#0FDH 3
SETB TRI ;ENTRY: -

RET ;EXIT: -



TXD_SPACE: MOV A#SPACE
LCALL SEND
RET

;RECIEVE BYTE OF ASCII FROM RS-232 (
recieve 2 ascii numbers )

;ENTRY: -
;EXIT: A

GET BYTE: LCALL GET ECHO ;or
LCALL RECEIVE

LCALL ASCII2HEX

SWAP A

MOV  RS5,A
HIGH NIBBLE

LCALL GET_ECHO
RECEIVE

LCALL ASCII2HEX

ADD AR5

RET

; RS RESTORE

;or LCALL

;HEX TO ASCII CONVERTER

;ENTRY: A
;EXIT: A

HEX2ASCIl: CLR C

MOV R6,A ; Save hex value
in R6

SUBB A#0AH
thenC=1

JC HEX 09
HEX_AF:
A" (ascii)

RET
HEX 09: MOV AR6
value

; if A<0AH
;elseC=0
ADD A#41H ;41lhis”
; Return first

ADD A#30H ; 30his "0"
(ascii)
RET

;ASCII TO HEX CONVERTER

;ENTRY: A (30-39 for 0-9, 41-46 for A-F, 61-
66 for a-f)
;EXIT: A

ASCII2HEX: CLR C
MOV R6,A ; Save ascii value
inRé6
SUBB A#61H
a")thenC=1
JC ASCIL_AF
ADD A#0AH
RET
ASCII_AF: CLR C
MOV AR6

;IFA<61lh ("

;elseC=0

; Return first
value

SUBB A#41H
A" thenC=1

sIFA<41h ("

JC  ASCIL_09
ADD A #0AH
RET
ASCIIL_09: CLR C
MOV AR6
SUBB A#30H
ascii ’
RET
hex

;SEND BYTE TO RS-232

;ENTRY: A

;elseC=0

; If A is a number in

; Result A = number in

SEXIT: -
SEND BYTE: MOV R4,A ; Save value
to R4

SWAP A ; For send high nibble
first

ANL  A#0FH ; Clear old low nibble

LCALL HEX2ASCH

LCALL SEND

MOV AR4 ; Return value in R4 to
A

ANL A#0FH

LCALL HEX2ASCII

LCALL SEND

RET

;SEND COMMAND PROMPT TO RS-232

;ENTRY: -

;EXIT: -

SEND_PROMPT: MOV
LCALL SEND
RET

A,# X

;16 BIT BINARY TO BCD CONVERSION

:ENTRY: LO_BIN,HI_BIN
;EXIT: LO_BCD,HI_BCD

LO_BIN:
HI_BIN:
LO_BCD:
HI_BCD:

BIN2BCD:
Clearing value in memory

MOV  HI_BCD,#00H

and HI_BCD

MOV LO_BCD,#00H

EQU 2AH

EQU 2BH
EQU 2CH
EQU 2DH

; First,

;of LO_BCD

MOV ALO BIN

CINE A#00H,CONV1

LO_BIN=0?

SIMP CHK_HI BYTE

then Check HI_BIN
CONVI:

; Check

;IfLO_BIN=0

MOV R6LO BIN ;Put

LO_BIN to R6 for turns of loop

CON: CLR C

; Clear carry flag

MOV ALO_BCD

ADD A#0IH
LO_BCD +1

; LO_BCD =



DAA

MOV LO_BCD,A

MOV  AHI_BCD

ADDC  A,#00H
HI_BCD +C

DAA

MOV HI_BCD,A

DINZ R6,CON
CHK_HI BYTE: MOV AHI BIN

CINE A#00H,CONV2 ; Check
HI BIN=0°?

RET ; IfHI_BIN = 0 then

;HI BCD =

end
CONV2: DEC HI_BIN ;else
HI_BIN=HI_BIN - |
MOV  R6,#00H
for 256 turns of loop
SIMP CON
;FIND CHKSUM BYTE ROUTINE ( ADD
DATA AND 2'COMPLEMENT )

; Put zero to R6

;ENTRY: RO,R7

;EXIT: BCC

; RO is a address pointer

;  R7is a number of sum data

FIND_CHKSUM: CLR A

CHKSUM: ADD A,@RO

INC RO

DINZ R7,CHKSUM

CPL A ; I's complement

INC A ; add 1 for made it to
2's complement

MOV BCC,A

RET

;**t*t‘**‘##*ll1!*##tt**##*“‘i*####*‘#**#
#**;
;  SERVICE ROUTINES FOR TCM3105

; 1200BPS FSK MODEM ;
;**#‘#‘*##***#****#t‘#***#######*###‘l##t
‘#*;

; Designed by Wichit Sirichote

; Modified by Badin Damrongsakd

; P1.0=>RX

; PLI=>TX

; P3.7=>PTT

PTT: EQU P3.7
TALK SIGNAL TO RADIO
RX: EQU P10
TCM3105

TX: EQU PL1
TCM3105

TX_NRZI: EQU 14H ; SERIAL
BUFFER NRZI DATA BIT

RXD_NRZI: EQU 2IH ; 24H BIT
1 CORRESPONDING TO 0AOH P2.1

; PUSHTO
; RXD FROM

; TXD TO

BCC: EQU S53H ; BYTE CHECK
SUM 2'S COMPLEMENT OF SUM BYTE
RXD_NRZ: EQU 25H

;SEND_NRZI SEND A TO TxD P1.1 BY
SOFTWARE GENERATED ASYNCHRONOUS
NRZI

;ENTRY: A
;EXIT: TX_NRZI

SEND_NRZI: SETB RS0
SETB RS!
PUSH ACC

; select bank 3

CPL  TX_NRZI
STATE IN SBUF BECAUSE
: WERE GOING TO SEND

; INVERT LAST

START BIT 0’
MOV  C,TX_NRZI

MOV  TX,C s SEND TO P1.1 TxD

LCALL DELAY_1200BPS
; THEN D0,D1...D7
MOV R7#08D
NRZII1: RRC A
JC NO_CHANGE ;NO CHANGEIF
BIT TO BE SENT IS ‘I

CPL TX_NRZI ; ELSE 0 BIT TO
BE SENT THEN COMPLEMENT
MOV  CTX NRZI
MOV TX,C
; SEND TO TxD
SIMP DELAY1200

NO_CHANGE:

MOV  C,TX_NRZI

MOV TX,C  ;NOCHANGE FOR
L} l L}

DELAY1200: LCALL DELAY_1200BPS
DINZ R7,NRZI1

MOV  C,TX_NRZI ; SEND STOP
BIT 'l'i.e., NO CHANGE

MOV TX,C

LCALL DELAY_1200BPS

LCALL DELAY_1200BPS

CLR RSO ; Resume bank 0

CLR RSI

POP ACC

RET

;DELAY _1200BPS DELAY 833 MICROSECOND
(1/1200 BIT/S)

;ENTRY: -
;EXIT: -



DELAY_1200BPS: MOV  RS5,#02H
DELAY: MOV  R4,#0BDH
DELAY2: DINZ R4,DELAY2
DINZ RS.DELAY1
RET

;DELAY_1200_1.5 DELAY 833 + 833/2
MICROSECOND

;ENTRY: -

;EXIT: -

DELAY_1200_1.5: MOV  R5,#03H

DELAY3: MOV R4,#0BDH

DELAY4: DJNZ R4,DELAY4
DINZ RS5,DELAY3
RET

;DELAY_1200_0.5 DELAY 83372
MICROSECOND

;ENTRY': -
;EXIT: -

DELAY_1200_0.5: MOV R5,#01H

DELAYS: MOV R4,#0BDH

DELAY6: DINZ R4,DELAYé6
DINZ RS5,DELAYS
RET

;DELAY_PTT DELAY FOR PRESSING PTT
BEFORE SEND MESSAGE

;ENTRY: -
;EXIT: -

DELAY_PTT: MOV R6,#03D
DELAYY: MOV  RS5,#240D
DELAY7: MOV  R4,#0BDH
DELAYS: DINZ R4,DELAYS
DINZ RS,DELAY7
DINZ R6,DELAY9
RET

;RECEIVES_NRZI ( OPTION TIME OUT )

:ENTRY: -
;EXIT: A

RECEIVES_NRZI: CLR F0
MOV  R2,#00H
MOV  R3,#00H
MOV  R6,#00H
; CHECK START BIT
BEFORE FOR

SYNCHRONIZATION EACH FRAME
SAMPLINGI: SETB RX ; WRITE
‘1' BEFORE THEN READ BACK

MOV CRX

MOV OEIH,C  ;OEIHISBITIIN
24H

XRL A24H : BIT 1 IN 24H WE
SAVE LAST STATE

: OF RXD_NRZI

JB  OEIH,FOUND_CHANGE
: OPTION HERE

INC R2

CINE R2,#00H.TIMED

INC R3

CINE R3,#00,TIMED

INC Ré6

CINE R6,#0AH,TIMED

SETB F0 ; IF FO=1 INDICATED
TIME OUT

RET
; END OPTION
TIMED:  SIMP SAMPLINGI  ; WAIT

UNTIL FOUND SIGNAL CHANGE
FOUND_CHANGE: SETB RX

MOV CRX

MOV  RXD_NRZI,C ;UPDATE RXD
TONEW VALUE

LCALL DELAY_1200_1.5 ; GET DO
FIRST

MOV  R7,#08D
GET NRZI: SETB RX

MOV CRX

MOV OEIH,C

XRL A,24H

JB  OEIH,FOUND_ZERO

SETB C

MOV  ARXD_NRZ

RRC A

MOV RXD_NRZA

SIMP GET NEXT BIT

FOUND_ZERO: SETB RX

MOV CRX

MOV RXD NRZI,C ;UPDATE
BEFORE

CLR C ; PUT '0' TO RXD_NRZ

MOV  ARXD NRZ

RRC A

MOV RXD_NRZA

GET_NEXT BIT: LCALL DELAY_1200BPS
DINZ R7,GET_NRZI
RET ; IGNOR STOP BIT
LCALL DELAY_1200BPS ;STOP BIT
NO CHANGE LAST STATE
; FROM SENDER
MOV  ARRXD_NRZ
RET
:SEND CR AND LF IN NRZI FORM



;ENTRY: -
;EXIT: -

TXD_CRLF_NRZI: MOV A#CR
LCALL SEND_NRZI
MOV A#LF
LCALL SEND_NRZI
RET

;SEND SPACE IN NRZI FORM

;ENTRY: -

SEXIT: -

TXD_SPACE_NRZI: MOV  A#SPACE
LCALL SEND_NRZI
RET

;SEND STRING IN NRZ! FORM

;ENTRY: DPTR
;EXIT: -

SEND_STRING_NRZI: CLR A
MOVC A,@A+DPTR
CINE A#EOS,SEND_STRING2
RET
SEND_STRING2: LCALL SEND_NRZI
INC DPTR
SIMP SEND_STRING_NRZI
;SEND BYTE IN NRZI FORM

;ENTRY: A
;EXIT: -

SEND BYTE_NRZI: MOV R4,A 3
Save value to R4

SWAP A ; For send high
nibble first

ANL A #0FH ; Clear old low
nibble

LCALL HEX2ASCII

LCALL SEND_NRZI

MOV AR4 ; Return value in
R4to A

ANL A#OFH

LCALL HEX2ASCII

LCALL SEND NRZI

RET

;sSEND COMMAND TO SENDER

;ENTRY: -
;EXIT: -

SEND_COMMAND: MOV RO#30H
MOV  R7#04H
COMMAND: MOV  A@RO
LCALL SEND_NRZ]
INC RO

DINZ R7,COMMAND
RET

HRBAARBRARR R A
#HH#

# MAIN PROGRAM #

HHA RS R AR R R
Hik

MAIN_TIMER:

MOV  RO,#00H
POWER_DELAY: DINZ RO,POWER_DELAY

MOV  SP#60H
MUST BE INITIALIZED

SETB EA

CLR FoO

LCALL INIT_RS232

; FIRST, STACK

SETB TX_NRZI ; Initialize
TX_NRZI once

SETB RXD_NRZI

CLR PTT

CHK_CONNECT: LCALL RECEIVE ;
CONNECTED WITH SOFTWARE CHECKING
CINE A#SPACE,CHK_CONNECT

MOV A #"s" ; RETURN "*" TO
SOFTWARE FOR HARDWARE

LCALL SEND ; CONNECTED
AND RECEIVED SPACE KEY
MAIN:

. MOV RO#30H ; SAVED FIRST

COMMAND TO ADDRESS 30H

MOV R7#04H
RECV_CMD:  LCALL RECEIVE

LCALL SEND ; Remarked when
use windows's software

MOV  @RO0,A

INC RO

DINZ R7,RECV_CMD
MOV  RO#30H
MOV  R7#04H
LCALL FIND_CHKSUM

TEST0:  SETB PTT
LCALL DELAY_PTT
MOV  A#SOH
LCALL SEND_NRZI
MOV  A#SOH
LCALL SEND_NRZI
LCALL SEND_COMMAND
MOV  ABCC
LCALL SEND_NRZI
MOV A#EOT
LCALL SEND_NRZI
LCALL DELAY_PTT



CLR PTT
LCALL DELAY_PTT

TEST14:  LCALL RECEIVES_NRZI
JNB FO,NON_TIME_OUT
TIME_OUT: MOV DPTR#TIMEOUT
LCALL SEND_STRING
CLR F0
AIMP MAIN

NON_TIME_OUT: JB PL1.7,TESTI6é ;IF
P1.7 =1 THEN SKIP SOH CHECKING

CINE A#SOH,TEST14 ; WAIT
UNTIL FOUND START OF HEAD
LCALL RECEIVES_NRZI ;IF THE
SECOND BYTE WAS NOT SOH
; THEN LOOP
CINE A#SOH,TEST14 ; UNTIL
FOUND TWO CONSECUTIVE BYTE
; OF SOH
; FOUND SOH SOH
THEN GET BYTE UNTIL EOT
MOV A#"" ;":" IS HEADER
TO SOFTWARE
LCALL SEND

TEST15: LCALL RECEIVES_NRZI
; DO UNTIL FOUND
EOT
CINE A#EOT,TESTI6 ;
LIMP MAIN ; LOOP MAIN

TEST16: LCALL SEND

JB  PL7TESTi4 ;IFPL7=1
THEN GET RAW SERIAL DATA

SIMP TESTIS

;STRING CONSTANTS

TIMEOUT: DFB "esséssssskasss
Timeout' * *#1 EOS

END



‘ PROGRAM DISPLAY GRAPH FOR

WORKSTATION

‘* PROGRAMER VARALEE TOWANABOOT

Option Explicit

Dim X, Y, n, Q, a As Integer
Dim link As String

Dim style

Sub Cmdokg_Click ()
Form1.Enabled = True
Unload form3
Form1.Show

End Sub

Sub Form_Load ()

Dima

a = Form1.Datalist(s).ListCount - 7
Form1.Enabled = False
hscrolll.Min=0

hscrolll.Max =a

‘MsgBox a

End Sub

Sub HScrolll_Change ()

If Opchl.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If OpchS.Value = True Then Plot (28)
If Opché6.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub marea_Click ()
Graph1.GraphType = 8

If Opchl.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If OpchS.Value = True Then Plot (28)
If Opché.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mbar2d_Click ()
Graph1.GraphType =3

If Opchl.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If Opch5.Value = True Then Plot (28)
If Opché6.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mbar3d_Click ()
Graphl.GraphType =4

If Opchl.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If OpchS.Value = True Then Plot (28)
If Opché.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mline_Click ()
Graph1.GraphType = 6

If Opch1.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If OpchS5.Value = True Then Plot (28)
If Opché6.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mpie2d_Click ()
Graph1.GraphType = 1

If Opchl1.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If Opch5.Value = True Then Plot (28)
If Opché6.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mpie3d_Click ()
Graph1.GraphType =2

If Opch1.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If OpchS5.Value = True Then Plot (28)
If Opché6.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub mscatter_Click ()
Graphl.GraphType =9

If Opchl.Value = True Then Plot (12)
If Opch2.Value = True Then Plot (16)
If Opch3.Value = True Then Plot (20)
If Opch4.Value = True Then Plot (24)
If Opch5.Value = True Then Plot (28)
If Opché.Value = True Then Plot (32)
If Opch7.Value = True Then Plot (36)
If Opch8.Value = True Then Plot (40)
End Sub

Sub opCh!_Click (Value As Integer)



Graphl.NumSets = 1
Graphl.NumPoints = 7
Graphl.ThisSet =1
Graphl.GraphTitle = " Channel 1 "
Graph1.LeftTitle =" Celcuis "
'q=12

Plot (12)

End Sub

Sub opCh2_Click (Value As Integer)
Graphl.NumSets = 1

Graph1 NumPoints =7
Graph1.ThisSet = 1
Graph1.GraphTitle = " Channel 2 "
Graphl.LefiTitle = Celcuis "

Plot (16)

End Sub

Sub opCh3_Click (Value As Integer)
Graphl.NumSets = 1
Graph1.NumPoints = 7
Graph1.ThisSet = 1
Graph1.GraphTitle =" Channel 3 "
Graphl.LeftTitle =" Celcuis "

Plot (20}

End Sub

Sub opch4_Click (Value As Integer)
Graphl .NumSets = 1

Graphl .NumPoints = 7
Graph1.ThisSet = 1
Graph1.GraphTitle = * Channel 4 "
Graphl.LefiTitle = " Celcuis "

Plot (24)

End Sub

Sub opch5_Click (Value As Integer)
Graphi.NumSets = |
Graph1.NumPoints = 7
Graphl.ThisSet =1
Graph1.GraphTitle =" Channel 5 "
Graphl.LeftTitle =" Celcuis "

Plot (28)

End Sub

Sub opch6_Click (Value As Integer)
Graphl.NumSets =1

Graphl .NumPoints = 7
Graph1.ThisSet = 1
Graph1.GraphTitle = " Channel 6 *
Graph1.LeftTitle =" Celcuis "

Plot (32)

End Sub

Sub opch7_Click (Value As Integer)
Graphl NumSets = 1
Graphl.NumPoints =7
Graphl.ThisSet = 1
Graph1.GraphTitle =" Channel 7"
Graphl.LeftTitle = " Celcuis "

Plot (36)

End Sub

Sub opch8_Click (Value As Integer)
Graphl . NumSets =1
Graph1.NumPoints = 7
Graph1.ThisSet = 1
Graph1.GraphTitle =" Channel 8 "
Graphl.LeftTitle =" Celcuis "

Plot (40)

End Sub

Sub Plot (Q As Integer)

Dim n, i As Integer

Dim Timex As String
n=90

Fori=1To 7
Graph1.ThisPoint = i

Timex = Left$(Form1.Datalist(s).List(hscroll1.Value

+n), 8)
Graphl.LabelText = Timex
Graphl1.ThisPoint = i

Graph1.GraphData = Val(Mid$(Form 1. Datalist(s).

List(hscrolll.Value + n), Q, 4))
n=n+1
Next i
Graphl.DrawMode = 2

End Sub



‘ PROGRAM DATABASE FOR Grid1.ColWidth(1) = 900

WORKSTATION Gridl.Text=" Time"
‘* PROGRAMER VARALEE TOWANABOOT
‘ DATABASE TABLE OBJECT For1=2To9
Grid1.ColWidth(I) = 800
Dim Q As Integer Grid1.Col =1
Sub ClearGrid () Grid1.Text=" Ch "&1-1
Grid1.SelStartCol = 0 Next
Grid1.SelStartRow = 1 Grid1.Col = 10
Grid1.SelEndCol = Grid1.Cols - 1 Grid1.ColWidth(10) = 750
Grid1.SelEndRow = Gridl.Rows - 1 Gridl.Text =" Check "
Grid L FillStyle = 1
Gridl.Text=" " '‘Check Sender
GridLFillStyle=0 If S = 0 Then pSender.Caption = " Welcome To
Grid1.SelEndCol = 0 Sender 1 DataBase"
Gridl.SelEndRow = 1 If S = 1 Then pSender.Caption =" Welcome To
End Sub Sender 2 DataBase”
If S = 2 Then pSender.Caption = * Welcome To
Sub Cmdreport_Click () Sender 3 DataBase"
form!1.Show Cmdreport.Enabled = False
Form8.Enabled = False End Sub
End Sub
Sub HScrolll_Change ()
Sub CmdReturn_Click () If opchl.Value = True Then Plot (2)
Unload Form8 If opch2.Value = True Then Plot (3)
Form9.Show If opch3.Value = True Then Plot (4)
End Sub If opch4.Value = True Then Plot (5)
If opch5.Value = True Then Plot (6)
Sub Combol_Click () If opch6.Value = True Then Plot (7)
Dim N As Integer If opch7.Value = True Then Plot (8)
Cn =Form8.Combol.Text If opch8.Value = True Then Plot (9)
Graphl.Visible = False End Sub
Hscrolll.Visible = False
opchl.Value = False Sub m2dbar_Click ()
opch2.Value = False Graph1.GraphType =3
opch3.Value = False If opchl.Value = True Then Plot (2)
opch4.Value = False If opch2.Value = True Then Plot (3)
opch5.Value = False If opch3.Value = True Then Plot (4)
opch6.Value = False If opch4.Value = True Then Plot (5)
opch7.Value = False If opch5.Value = True Then Plot (6)
opch8.Value = False If opch6.Value = True Then Plot (7)
‘ClearGrid If opch7.Value = True Then Plot (8)
LoadToGrid If opch8.Value = True Then Plot (9)
Framech.Enabled = True End Sub
'Set Graph
If Cd(Val(Cn)) < 7 Then
N = Cd(Val(Cn))
ElseN=7
End If Sub m2dPie_Click ()
Graph1.GraphType = 1
Hscrolll. Min=0 If opch1.Value = True Then Plot (2)
Hscrolll . Max = Cd(Val(Cn)) -N If opch2.Value = True Then Plot (3)
End Sub If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)
Sub Form_Load () If opchS.Value = True Then Plot (6)
Gridl.Row=0 If opch6.Value = True Then Plot (7)
Grid1.RowHeight(0) = 300 If opch7.Value = True Then Plot (8)
Gridl.Col=0 If opch8.Value = True Then Plot (9)
Grid1.ColWidth(0) = 600 End Sub

Grid1.Text = "Date"
Grid1.Col=1 Sub m3dbar_Click ()



Graphl.GraphType =4

If opch1.Value = True Then Plot (2)
If opch2.Value = True Then Plot (3)
If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)
If opch5.Value = True Then Plot (6)
If opché6.Value = True Then Plot (7)
If opch7.Value = True Then Plot (8)
If opch8.Value = True Then Plot (9)
End Sub

Sub M3dpie_Click ()
Graph1.GraphType =2

If opchl.Value = True Then Plot (2)
If opch2.Value = True Then Plot (3)
If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)
If opchS.Value = True Then Plot (6)
If opch6.Value = True Then Plot (7)
If opch7.Value = True Then Plot (8)
If opch8.Value = True Then Plot (9)
End Sub

Sub marea_Click ()
Graphl.GraphType = 8

If opch1.Value = True Then Plot (2)
If opch2.Value = True Then Pilot (3)
If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)
If opch5.Value = True Then Plot (6)
If opché6.Value = True Then Plot (7)
If opch7.Value = True Then Plot (8)
If opch8.Value = True Then Plot (9)
End Sub

Sub MExit_Click ()
End
End Sub

Sub Minput_Click ()
Form10.Show
End Sub

Sub mline_Click ()
Graph1.GraphType = 6

If opch1.Value = True Then Plot (2)
If opch2.Value = True Then Plot (3)
If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)
If opchS.Value = True Then Plot (6)
If opch6.Value = True Then Plot (7)
If opch7.Value = True Then Plot (8)
If opch8.Value = True Then Plot (9)
End Sub

Sub mscatter_Click ()
Graph1.GraphType =9

If opchl.Value = True Then Plot (2)
If opch2.Value = True Then Plot (3)
If opch3.Value = True Then Plot (4)
If opch4.Value = True Then Plot (5)

If opchS.Value = True Then Plot (6)
If opch6.Value = True Then Plot (7)
If opch7.Value = True Then Plot (8)
If opch8.Value = True Then Plot (9)
End Sub

Sub opChl_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) <7 Then

N = Cd(Val(Cn))

Else N=7

End If

Graphl.Visible = True
Hscrolll.Visible = True
Graphl.NumSets = 1
Graphl.NumPoints = N' 7 Cd(Val(Cn))
Graphl.ThisSet = 1
Graphl.GraphTitle = " Channel 1 *
‘Graphl.LeftTitle =" Celcuis "
Plot (2)

End Sub

Sub opCh2_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))

Else N=7

End If

Graphl.Visible = True
Hscrolll.Visible = True
Graphl.NumSets = 1
Graph1.NumPoints = N'7
Graphl.ThisSet =1
Graph!l.GraphTitle =" Channel 2 "
'Graphl.LeftTitle = " Celcuis "
Plot (3)

End Sub

Sub opCh3_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))

ElseN=17

End If

Graphl.Visible = True
Hscrolll.Visible = True
Graphl.NumSets =1
Graphl.NumPoints =N'7
Graph1.ThisSet = 1
Graph1.GraphTitle =" Channel 3 "
'Graph1.LefiTitle =" Celcuis "
Plot (4)

End Sub

Sub opch4_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))



ElseN=7

End If

Graphl.Visible = True
Hscrolll.Visible = True
Graphl.NumSets=1
Graphl.NumPoints = N'7
Graphl.ThisSet = 1
Graph1.GraphTitle =" Channel 4 *
'Graph1.LeftTitle = " Celcuis "
Plot (5)

End Sub

Sub opch5_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))

EiseN=7

End If

Graphl.Visible = True
Hscrolll.Visible = True
Graph!.NumSets = 1
Graph1.NumPoints = N'7
Graph1.ThisSet =1
Graph1.GraphTitle = " Channel 5 "
‘Graph1.LeftTitle = " Celcuis "
Plot (6)

End Sub

Sub opch6_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))

ElseN=17

End If

Graphl.Visible = True
Hscrolll.Visible = True

Graphl NumSets =1
Graph1.NumPoints =N'7
Graph1.ThisSet =1
Graphl.GraphTitle =" Channel 6 "
‘Graph!i.LeftTitle = " Celcuis "
Plot (7)

End Sub

Sub opch7_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N =Cd(Val(Cn))

ElseN=17

End If
Graphl.Visible = True
Hscrolll.Visible = True
Graphl.NumSets = 1
Graphl NumPoints = N'7
Graphl.ThisSet = 1
Graphl.GraphTitle =" Channel 7 "
'Graphl.LeftTitle = " Celcuis "
Plot (8)

End Sub

Sub opch8_Click (Value As Integer)
Dim N As Integer

If Cd(Val(Cn)) < 7 Then

N = Cd(Val(Cn))

ElseN=7

End If

Graphl.Visible = True
Hscrolil.Visible = True
Graph1.NumSets =1
Graph1.NumPoints = N'7
Graph1.ThisSet = 1
Graph1.GraphTitle = " Channel 8 "
‘Graphl.LeftTitle = " Celcuis "
Plot (9)
End Sub

Sub Plot (Q As Integer)
Dim I, N As Integer
Dim Timex As String

If Cd(Val(Cn)) < 7 Then
N = Cd(Val(Cn))
ElseN=7

End If

ForI=1ToN '7 Cd(Val(Cn))

' MsgBox Cd(Val(Cn))
Grid1.Row = I + Hscrolll.Value
Graphl.ThisPoint = I
Grid1.Col =1
Timex = Grid1.Text
Graphl.LabelText = Timex
Graph1.ThisPoint =1
Grid1.Col=Q
Graphl.GraphData = Grid1.Text
Next I
Graphl.DrawMode = 2

End Sub



¢ MAIN PROGRAM FOR
WORKSTATION

* PROGRAMER :) VARALEE
TOWANABOOT

Option Explicit

Dim gettime As Variant

Dim Code() As String

Dim X, N(), L1, L2, L3 As Integer 'for reciver &
clear

Dim S1, 82,83 ‘auto

Sub Checkadd! ()
Dim X As String, filenum, Z, Y As Integer
X = Dir$(Address1_FILE)
If X ="" Then
addressl ="@]1"
Exit Sub
End If
filenum = FreeFile
Open Addressl_FILE For Binary As filenum
addressl =""
Zz=1
While Not EOF(filenum)
Get #filenum, , Y
address1 = address] + Chr$(Y + Z)
Z=7Z+1
Wend
address] = Left$(addressl, Len(addressl) - 1)
Close #filenum
End Sub

Sub Checkadd2 ()
Dim X As String, filenum, Z, Y As Integer
X = Dir$(Address2_FILE)
If X ="" Then
address2 ="@2"
Exit Sub
End If
filenum = FreeFile
Open Address2_FILE For Binary As filenum
address2 = ""
Z=1
While Not EOF(filenum)
Get #filenum, , Y
address2 = address2 + Chr$(Y + Z)
Z=Z+1
Wend
address2 = Left$(address2, Len(address2) - 1)
Close #filenum
End Sub

Sub Checkadd3 ()
Dim X As String, filenum, Z, Y As Integer
X = Dir$(Address3_FILE)
If X ="" Then
address3 ="@3"
Exit Sub
End If
‘filenum = FreeFile
Open Address3_FILE For Binary As filenum

address3 =""

Z=1

While Not EOF(filenum)

Get #filenum, , Y

address3 = address3 + Che$(Y + Z)

Z=Z+1

Wend

address3 = Left$(address3, Len(address3) - 1)
Close #filenum

End Sub

Sub ClearGrid ()

N(S)=1

Grid1(S).SelStartCol = 0
Grid1(S).SelStartRow = 1
Grid1(S).SelEndCol = Grid1(S).Cols - 1
Grid1(S).SelEndRow = Grid 1(S).Rows - 1
Grid1(S).FillStyle =1

Grid1(S).Text=" "
Grid1(S).FillStyle=0
Grid1(S).SelEndCol =0
Grid1(S).SelEndRow = 1

End Sub

Sub Cmdgraph1_Click ()
S$=0

Form3.Show

End Sub

Sub Cmdgraph2_Click ()
S=1

Form3.Show

End Sub

Sub Cmdgraph3_Click ()
S§S=2

Form3.Show

End Sub

Sub Cmdload1_Click ()

$=0

'On Error GoTo errhand

cmdialogl.Filter = "All Files (*.*)|*.*|Code files (*.
cod)|*.cod"

cmdialogl.FilterIndex =2
cmdialogl.DialogTitle = " Load Data "
cmdialogl.Action = 1

Filename = cmdialog.Filename
Opencode (Filename)

Grid1(0).Rows = Datalist(0).ListCount + 1
Li=1

loaddata

‘errhand; Exit Sub

End Sub

Sub Cmdioad2_Click ()
S=1
On Error GoTo errhandl



cmdialog].Filter = "All Files (*.*)|*.*|Code files
(*.cod)j*.cod"

cmdialogl.FilterIndex =2
cmdialogl.DialogTitle =" Load Data "
cmdialogl.Action =1

Filename = cmdialog].Filename
Opencode (Filename)

Grid1(1).Rows = Datalist(1).ListCount
L2=1

loaddata

errhand1: Exit Sub

End Sub

Sub Cmdload3_Click ()

S$=2

On Error GoTo errhand2
cmdialogl.Filter = "All Files (*.*)|*.*|Code files
(*.cod)|*.cod”

cmdialogl.FilterIndex = 2
cmdialogl.DialogTitle = " Load Data "
cmdialogl.Action =1

Filename = cmdialog!.Filename
Opencode (Filename)

Grid1(2).Rows = Datalist(2).ListCount
L3=1

loaddata

errhand2: Exit Sub

End Sub

Sub Cmdnorl_Click ()
S=0
N(0)=N(@0) +1
IfL1=1Then
ClearGrid
Datalist(0).Clear
Comm.Output = address1 & "se”
Reciver
Else
Comm.Qutput = address & "se”
Reciver
End If
End Sub

Sub Cmdnor2_Click ()
S=1
N(1)=N(I)+1
IfL2=1 Then
ClearGrid
Datalist(1).Clear
Comm.Output = address2 & "se"
Reciver
Else
Comm.Qutput = address2 & "se"
Reciver
End If
End Sub

Sub Cmdnor3_Click ()
$=2
N@2)=N@2)+1

If L3 =1 Then

ClearGrid

Datalist(2).Clear

Comm.Output = address3 & "se”
Reciver

Else

Comm.Output = address3 & “se”
Reciver

End If

End Sub

Sub Cmdsavel_Click ()

S=0

On Error GoTo errhandler
cmdialog1.DialogTitle = "Save Data"
cmdialog1.Filter = "All Files (*.*)]*.*|Code files (*.
cod)|*.cod"

cmdialog].Filterindex = 2
cmdialog1.Action = 2 'save as file
Filename = cmdialog].Filename
Savecode (Filename)

errhandler:

Exit Sub

End Sub

Sub Cmdsave2_Click ()

S=1

On Error GoTo errhandler]
cmdialogl.DialogTitle = "Save Data"
cmdialog1.Filter = "All Files (*.*)|*.*|{Code files (*.
cod)|*.cod”

cmdialog] FilterIndex =2
cmdialogl.Action = 2 'save as file
Filename = cmdialog1.Filename
Savecode (Filename)

errhandlerl:

Exit Sub

End Sub

Sub Cmdsave3_Click ()

§$=2

On Error GoTo errhandler2
cmdialog1.DialogTitle = "Save Data"
cmdialogl1.Filter = "All Files (*.*)|*.*|Code files (*.
cod)|*.cod”

cmdialog].Filterindex = 2
cmdialogl.Action =2 'save as file
Filename = cmdialog1.Filename
Savecode (Filename)

errhandler2:

Exit Sub

End Sub

Sub Cmdsetal_Click ()
S$=0

form5.Show

End Sub

Sub Cmdseta2_Click ()
S=1

form5.Show

End Sub



Sub Cmdseta3_Click ()
S$=2

form5.Show

End Sub

Sub Form_Load ()
Dim i As Integer
ReDim N(3)
paneldate.Caption = Format(Date, "dd - mmm -
yy")
Timage.Enabled = False
image3.Picture = imagel.Picture
Grid1(0).Row =0
Grid1(0).RowHeight(0) = 300
Grid1(0).Col =0

Fori=0To9
Grid1(0).ColWidth(0) = 900
Next

Grid1(0).Text=" Time"
Fori=1To 8

Grid1(0).ColWidth(i) = 800
Grid1(0).Col =i
Grid1(0).Text=" Ch "& i
Next

Grid1(0).Col =9
Grid1(0).ColWidth(9) = 900
Grid1(0).Text =" Check "

Grid1(1).Row =0
Grid1(1).RowHeight(0) = 300
Grid1(1).Col =0
Fori=0To9
Grid1(1).ColWidth(0) = 900
Next

Grid1(1).Text=" Time"
Fori=1To8
Grid1(1).ColWidth(i) = 800
Grid1(1).Col =i
Gridi(1).Text=" Ch "& i
Next

Grid1(1).Col =9
Grid1(1).ColWidth(9) = 900
Grid1(1).Text =" Check "

Grid1(2).Row =0
Grid1(2).RowHeight(0) = 300
Grid1(2).Col =0
Fori=0To9
Grid1(2).ColWidth(0) = 900
Next

Grid1(2).Text=" Time "
Fori=1To 8
Grid1(2).ColWidth(i) = 800
Grid1(2).Col =i
Grid1(2).Text=" Ch "& i
Next

Grid1(2).Col =9
Grid1(2).ColWidth(9) = 900
Grid1(2).Text =" Check "

‘If form2.opcom1.Value = True Then
Comm.CommPort = |
‘If form2.opcom2.Value = True Then
Comm.CommPort =2
Comm.CommPort =2
Comm.Settings = "9600,n,8,1"
Comm.InputLen=0
Comm.PortOpen = True
If Msetman.Checked = True Then
Grstart]1 .Enabled = False
Grstart2.Enabled = False
Grstart3.Enabled = False
Else
Grstart].Enabled = True
Grstartl.Enabled = True
Grstartl.Enabled = True
End If
Checkadd!
Checkadd2
Checkadd3
‘Check Alarm
Fori=0To 7
Minl(i) = 500
Min2(i) = 500
Min3(i) = 500
Max 1(i) = 1500
Max2(i) = 1500
Max3(i) = 1500
Next i
FristCon
End Sub

Sub FristCon ()

Dim Star, T As String

Dim i As Integer

ForI=0To 5
Comm.OutBufferCount = 0
Comm.InBufferCount = 0
Comm.Output=""

Do

Loop Until Comm.InBufferCount <=2
Star = Comm.Input

T="%"& Chr(13) & ">"
i=Len(T)

‘MsgBox Str(i)

If i =3 Then

Pcon.Caption = "Connect 9600"
Else

Pcon.Caption = "HardWare Error"
End If

Next I

End Sub

Sub GrStartl_Click (Value As Integer)
$=0
S1 = Grstartl.Value
IfL1=1 Then
ClearGrid
Datalist(0).Clear
End If
End Sub



Sub Grstart2_Click (Value As Integer)
S=1
S2 = Grstart2.Value
IfL2 =1 Then
ClearGrid
Datalist(1).Clear
End If
End Sub

Sub Grstart3_Click (Value As Integer)
$=2
S3 = Grstartl.Value
If .3 =1 Then
ClearGrid
Datalist(2).Clear
End If
End Sub

Sub loaddata ()

Dim Codel, Code() As String
Dim A, i As Integer

ReDim Code(9)

For A =0 To Datalist(S).ListCount - 1
Codel = Datalist(S).List(A)
Code(0) = Left$(Codel, 10)
Code(1) = Mid(Codel, 12, 4)
Code(2) = Mid(Codel, 16, 4)
Code(3) = Mid(Codel, 20, 4)
Code(4) = Mid(Codel, 24, 4)
Code(5) = Mid(Codel, 28, 4)
Code(6) = Mid(Codel, 32, 4)
Code(7) = Mid(Codel, 36, 4)
Code(8) = Right(Codel, 4)

Grid1(S).Row=1+A
Grid1(S).Col =0
Grid1(S).Text = Code(0)
Fori=1To8
Grid1(8).Col =i
Grid1(S).Text=" " & Code(i)
Next i

Next A

End Sub

Sub Mcontrol_Click ()

Form7.Show
End Sub

Sub Msetauto_Click ()
Msetauto.Checked = True
Msetman.Checked = False
Tauto.Enabled = Msetauto.Checked
Timage.Enabled = Msetauto.Checked
Cmdnorl.Enabled = False
Cmdnor2.Enabled = False
Cmdnor3.Enabled = False
Grstart1.Enabled = True
Grstart2.Enabled = True
Grstart3.Enabled = True

End Sub

Sub Msetman_Click ()
Dim Flag

Msetman.Checked = True

Flag = Msetman.Checked
Msetauto.Checked = Not Flag
Tauto.Enabled = Msetauto.Checked
Timage.Enabled = Msetauto.Checked

Cmdnorl.Enabled = Flag
Cmdnor2.Enabled = Flag
Cmdnor3.Enabled = Flag

Grstartl .Enabled = False
Grstart2.Enabled = False
Grstart3.Enabled = False
Grstartl.Value = False
Grstart2.Value = False
Grstart3.Value = False

End Sub

Sub Mstime_Click ()
form2.Show
End Sub

Sub Opencode (Filename As String)
Dim filecode As String

Dim i As Integer

Datalist(S).Clear

For i = 0 To Datalist(S).ListCount - 1

form12.Show Next i

End Sub Open Filename For Input As #2
Do While Not EOF(2)

Sub MExit_Click () Line Input #2, filecode

End Datalist(S).AddItem filecode

End Sub Loop
Close #2

Sub Mfexit_Click () End Sub

form4.Show

Unload form1 Sub Reciver ()

End Sub Dim Msg, msgl, Msg2, Code, PCh, PAlarm, P, Tic,

TicA, CheckSum, CheckS, Check As String

Sub Msalarm_Click () Dim i, Z, Sum, No, He



ReDim B(32)

ReDim A(32)

‘ReDim Ch1(10)

‘Reciver Data from every senders

Sum=0

Comm.OutBufferCount = 0
Comm.InBufferCount=0 'Clear buffer
Tic = Format$(Now, "hh:mm:ss zz")

‘Do

DoEvents

‘Loop Until Comm.InBufferCount >= 38 'Set
buffer

‘Msg = Comm.Input

Msg =
"@1SE01360000000000000000000000000000
Fé6"

‘MsgBox Msg

DoEvents

Msg2 = Right$(Msg, 34)' Data

msgl = Left$(Msg2, 32)

Check = Right$(Msg2, 2)

‘MsgBox msgl

If msgl =
nEREREERSRER SR Timeout* FHEF e ERR ks Then
MsgBox "TIME OUT "

Exit Sub

End If
‘MsgBox Msgl
'‘Check Sum Routine

ForZ=1To 32

A(Z)=Mid(msgl, Z, 1)

B(Z) = Asc(A(Z))

Sum = Sum + B(Z)

Next Z
' MsgBox Sum

No = Not (Sum)

He = Hex(No)

CheckS = Hex(No + 1)

CheckSum = Right$(CheckS, 2)

'MsgBox Right$(CheckS, 2)
‘MsgBox No & " "& He & " " & CheckSum

If Check = CheckSum Then
Code = Tic & msgl
Datalist(S).AddItem Code
* Analysis data and divide data to channel
Chl1(1) =Lefi$(msgl, 4)
Ch1(2) =Mid(msgl, 5, 4)
Ch1(3) =Mid(msgl, 9, 4)
Ch1(4) =Mid(msgl, 13, 4)
Ch1(5) =Mid(msg]l, 17, 4)
Chl1(6) = Mid(msgl, 21, 4)
Ch1(7) =Mid(msgl, 25, 4)
Ch1(8) = Right$(msg1, 4)
Ch1(9) = Right$(Msg, 2)
'‘Check Alarm For every Channel
'set Min Max

SaveData

TicA = Left$(Tic, 8)
PCh=""

If S=0 Then
Fori=0To 7
If Val(Chl(i + 1)) < Val(Minl1(i)) Or Val(Chl(i +
1)) > Val(Max1(i)) Then ' Error
PCh =PCh + Str$(i + 1)
PAlarm = TicA & " Alarm On Ch" & PCh
Else
P = "nn
End If
Next i
End If
form1.PAlarm(S).Caption = PAlarm

IfS=1 Then
Fori=0To 7
If Val(Chl(i + 1)) < Val(Min2(i)) Or Va}(Chl(i +
1)) > Val(Max2(i)) Then ' Error
PCh =PCh + Str$(i + 1)
PAlarm = TicA & * Alarm On Ch" & PCh
Else
P = ne
End If
Next i
End If
form1.PAlarm(S).Caption = PAlarm

If S =2 Then

Fori=0To 7

If Val(Chl(i + 1)) < Val(Min3(i)) Or Val(Ch1(i +
1)) > Val(Max3(i)) Then ' Error

form1.PAlarm(S).Caption = TicA & " Alarm On
Ch"&i+1

PCh = PCh + Str$(i + 1)

PAlarm = TicA & " Alarm On Ch" & PCh

Else

P = "ne
End If
Next i
End If
form1.PAlarm(S).Caption = PAlarm
Else
Fori=1To 8
Chl(i)= "0000"
Next i
Chl1(9) = “Error"
Code=Tic &
"00000000000000000000000000000000"
Datalist(S).AddItem Code
End If
n=n+1

Next time Display A,B,C (display when reciver)
‘& Display when load

If N(S) > 5 Then ClearGrid
Grid1(S).Row = N(S)
Grid1(S).Col =0
Grid1(S).Text = Tic
Fori=1To9
Grid1(S).Col =i



Grid1(S).Text=" " & Chl(i)
Next

End Sub

Sub Savecode (Filename As String)
Dim i

i=0

If Dir(Filename) < " " Then
Open Filename For Output As #1

Do Until i = Datalist(S).ListCount
Print #1, Datalist(S).List(i)
i=i+1

Loop

Close #1

End If

End Sub

Sub Tauto_Timer ()

If S1 = True Then

S=0

N@O)=N(@0)+1

Comm.Output = address1 & "se"
Reciver

End If

If S2 = True Then

S=1

N(D)=N()+1

Comm.Output = address2 & "se"
Reciver

End If

If S3 = True Then

S=2

N@2)=N(2)+1

Comm.Output = address3 & "se”
Reciver

End If

End Sub

Sub Timage_Timer ()
Static T As Integer
If T Then
image3.Picture = imagel.Picture
Else
image3.Picture = image2. Picture
End If
T=NotT

End Sub



DECLARE DATABASE

Global Sender As Database

Global Senderl As Table

Global Sender2 As Table

Global Sender3 As Table

‘Global Sel As Integer

Global S, K As Integer

Global tmon, Cn As String

Global Max1(7), Min1(7)

Global Max2(7), Min2(7)

Global Max3(7), Min3(7)

Global Chl1(15), Cd(31)

Global filename As String

Global address1 As String

Global address2 As String

Gilobal address3 As String

Global Const Address1_FILE = "ADD1.@@@"
Global Const Address2_FILE = "ADD2.@@@"
Global Const Address3_FILE = "ADD3.@@@"

Sub loaddata ()
Dim Dts, Dt As String
Dim Dy, I As Integer
If S=0 Then
ForI=1To 31
Cd)=0
Next I
Dts = et
Senderl.MoveFirst
Do While (Not Senderl.EOF)
If Sender1!Month = tmon Then
Dt = Senderl!Date
Dy = Val(Dt)
Cd(Dy) =Cd(Dy) + 1
If Dts < Dt Then
Form8.Combo1.AddItem Senderl!Date
Dts =Dt
End If
Form8.Combol.Text = Form8.Combol.List(0)
End If
Senderl.MoveNext
Loop
End If

IfS=1 Then

For1=1To31

Cd)=0

Next I

Dts = "

Sender2.MoveFirst

Do While (Not Sender2.EOF)

If Sender2!Month = tmon Then

Dt = Sender2!Date

Dy = Val(Dt)

Cd(Dy)=Cd(Dy) + 1
If Dts < Dt Then
Form8.Combol.AddItem Sender2!Date
Dts=Dt
End If

Form8.Combo1.Text = Form8.Combol.List(0)

End If
Sender2.MoveNext
Loop

End If

IfS=2 Then
ForI=1To 31
Cd()=0
Next 1
Dts = "n
Sender3.MoveFirst
Do While (Not Sender3.EOF)
If Sender3!Month = tmon Then
Dt = Sender3!Date
Dy = Val(Dt)
Cd(Dy) = Cd(Dy) + 1

If Dts < Dt Then
Form8.Combol.AddItem Sender3!Date
Dts = Dt
End If
Form8.Combol.Text = Form8.Combol.List(0)
End If
Sender3.MoveNext
Loop
End If
End Sub

Sub LoadToGrid ()
Dim N As Integer
N=1

If S=0 Then
Senderl.MoveFirst
Do While (Not Senderi.EQF)

If (Sender1!Month = tmon And Senderl!Date = Cn)

Then
Form8.Grid1.Rows = Cd(Val(Cn)) + 1
Form8.Gridl.Row =N
Form8.Grid1.Col =0
Form8.Grid1.Text = Senderl!Date
Form8.Grid1.Col = 1
Form8.Grid1.Text = Sender!!Tim
Form8.Grid1.Col =2
Form8.Grid1.Text = Sender1!Channell
Form8.Grid1.Col =3
Form8.Grid1.Text = Sender1!Channel2
Form8.Grid1.Col =4
Form8.Grid1.Text = Sender1!Channel3
Form8.Grid1.Col =5
Form8.Grid1.Text = Sender1!Channel4
Form8.Grid1.Col =6
Form8.Grid1.Text = Sender1!Channel5
Form8.Grid1.Col =7
Form8.Grid1.Text = Sender1!Channel6
Form8.Grid1.Col =8
Form8.Grid1.Text = Sender1!Channel7
Form8.Grid1.Col =9
Form8.Grid1.Text = Sender1!Channel8
Form8.Grid1.Col = 10
Form8.Grid1.Text = Senderl!Check



N=N+1

End If
Senderl.MoveNext
Loop

End If

If S=1 Then

Sender2.MoveFirst

Do While (Not Sender2.EQOF)

If (Sender2!Month = tmon And Sender2!Date =
Cn) Then

Form8.Grid1.Rows = Cd(Val(Cn)) + 1
Form8.Gridl.Row =N
Form8.Grid1.Col =0
Form8.Grid1.Text = Sender2!Date
Form8.Grid1.Col =1
Form8.Grid1.Text = Sender2!Tim
Form8.Grid1.Col =2
Form8.Grid1.Text = Sender2!Channel |
Form8.Grid1.Col =3
Form8.Grid1.Text = Sender2!Channel2
Form8.Grid1.Col =4
Form8.Grid1.Text = Sender2!Channel3
Form8.Grid1.Col =5
Form8.Grid1.Text = Sender2!Channel4
Form8.Grid1.Col =6
Form8.Grid1.Text = Sender2!Channel5
Form8.Grid1.Col =7
Form8.Grid1.Text = Sender2!Channel6
Form8.Grid1.Col = 8
Form8.Grid1.Text = Sender2!Channel7
Form8.Grid1.Col =9
Form8.Grid1.Text = Sender2!Channel8
Form8.Grid1.Col = 10
Form8.Grid1.Text = Sender2!Check
N=N+1

End If

Sender2.MoveNext

Loop

End If

If S=2 Then

Sender3.MoveFirst

Do While (Not Sender3.EQF)
If (Sender3!Month = tmon And Sender3!Date =

Cn) Then

Form8.Grid1.Rows = Cd(Val(Cn)) + 1
Form8.Gridl1.Row =N
Form8.Grid1.Col=0
Form8.Grid1.Text = Sender3!Date
Form8.Grid1.Col =1
Form8.Grid1.Text = Sender3!Tim
Form8.Grid1.Col =2
Form8.Grid1.Text = Sender3!Channell
Form8.Grid1.Col =3
Form8.Grid1.Text = Sender3!Channel2
Form8.Grid1.Col =4
Form8.Grid1.Text = Sender3!Channel3
Form8.Grid1.Col =5
Form8.Grid1.Text = Sender3!Channel4
Form8.Grid1.Col =6

Form8.Grid1.Text = Sender3!Channel5
Form8.Grid1.Col =7
Form8.Grid1.Text = Sender3!Channel6
Form8.Grid1.Col =8
Form8.Grid1.Text = Sender3!Channel7
Form8.Grid1.Col =9
Form8.Grid1.Text = Sender3!Channel8
Form8.Grid1.Col = 10
Form8.Grid1.Text = Sender3!Check
N=N+1

End If

Sender3.MoveNext

Loop

End If
End Sub

Sub SaveData ()

Dim Mont, Dat, Tic, Check As String

‘Add new Data

Mont = Format(Now, "MM/YY")
Dat = Format(Now, "dd")

Tic = Format(Now, "HH:MM:SS ")
If S =0 Then
BeginTrans
Senderl. AddNew
Sender1!Month = Mont
Senderl!Date = Dat
Sender1!Tim = Tic
Sender1!Channell = ChI(1)
Sender1!Channel2 = Ch1(2)
Sender1!Channel3 = Ch1(3)
Sender1!Channel4 = Ch1(4)
Senderl!Channel5 = Ch1(5)
Sender1!Channel6 = Ch1(6)
Sender1!Channel7 = Ch1(7)
Sender1!Channel8 = Ch1(8)
Sender1!Check = Ch1(9)
Senderl.Update
CommitTrans
End If

If S=1 Then

BeginTrans
Sender2.AddNew
Sender2!Month = Mont
Sender2!Date = Dat
Sender2!Tim = Tic
Sender2!Channell = Chl(1)
Sender2!Channei2 = Ch1(2)
Sender2!Channel3 = Ch1(3)
Sender2!Channel4 = Ch1(4)
Sender2!Channel5 = Ch1(5)
Sender2!Channel6 = Ch1(6)
Sender2!Channel7 = Ch1(7)
Sender2!Channel8 = Ch1(8)
Sender2!Check = Ch1(9)
Sender2.Update
CommitTrans

End If

If S =2 Then



BeginTrans
Sender3.AddNew
Sender3!{Month = Mont
Sender3!Date = Dat
Sender3!Tim = Tic
Sender3!Channell = Chl(1)
Sender3!Channei2 = Ch1(2)
Sender3!Channel3 = Ch1(3)
Sender3!Channel4 = Chi(4)
Sender3!Channel5 = Ch1(5)
Sender3!Channel6 = Ch1(6)
Sender3!Channel7 = Ch1(7)
Sender3!Channel8 = Ch1(8)
Sender3!Check = Ch1(9)
Sender3.Update
CommitTrans
End If

End Sub

Function Thedata ()
Dim Sender1TB As New TableDef
ReDim DatalField(12) As New Field
Dim Sender2TB As New TableDef
ReDim Data2Field(12) As New Field
Dim Sender3TB As New TableDef
ReDim Data3Field(12) As New Field

If Len(Dir$("Sender.MDB")) = 0 Then
' Create and open database
Set Sender = CreateDatabase("
Sender.MDB", DB_LANG_GENERAL)

' Create fields of Senderl Table

Sender1 TB.Name = “Senderl”
DatalField(1).Name = "Month"
DatalField(1).Type = DB_TEXT
DatalField(1).Size =7
Sender1TB.Fields.Append DatalField(1)
DatalField(2).Name = "Date"
DatalField(2).Type = DB_TEXT
DatalField(2).Size = 5

Sender]1 TB.Fields. Append DatalField(2)
DatalField(3).Name = “Tim"
DatalField(3).Type = DB_TEXT
DatalField(3).Size = 15

Sender1 TB.Fields.Append DatalField(3)
DatalField(4).Name = "Channell"
DatalField(4).Type = DB_LONG
Sender1 TB.Fields.Append DatalField(4)
DatalField(5).Name = “Channel2"
DatalField(5).Type = DB_LONG
Sender1TB.Fields.Append DatalField(5)
DatalField(6).Name = "Channel3"
DatalField(6).Type = DB_LONG
Sender1 TB.Fields.Append Datal Field(6)
DatalField(7).Name = "Channel4"
DatalField(7).Type = DB_LONG
Sender1 TB.Fields.Append DatalField(7)
DatalField(8).Name = "Channel5"
DatalField(8).Type = DB_LONG

Sender1TB.Fields.Append DatalField(8)
DatalField(9).Name = "Channel6"
DatalField(9).Type = DB_LONG

Sender1 TB.Fields.Append DatalField(9)
DatalField(10).Name = "Channel7"

Datal Field(10).Type = DB_LONG
Sender1 TB.Fields.Append DatalField(10)
DatalField(11).Name = "Channel8"
DatalField(11).Type = DB_LONG
Sender1TB.Fields.Append DatalField(11)
DatalField(12).Name = "Check"
DatalField(12).Type = DB_TEXT
DataliField(12).Size =5

Sender1 TB.Fields.Append DatalField(12)

‘Add Sender]l TB To Database
Sender.TableDefs.Append Sender1 TB

* Create fields of Sender2 Table
Sender2TB.Name = "Sender2"
Data2Field(1).Name = "Month"
Data2Field(1).Type = DB_TEXT
Data2Field(1).Size = 7
Sender2TB.Fields.Append Data2Field(1)
Data2Field(2).Name = "Date"
Data2Field(2).Type = DB_TEXT
Data2Field(2).Size =5
Sender2TB.Fields.Append Data2Field(2)
Data2Field(3).Name = "Tim"
Data2Field(3).Type = DB_TEXT
Data2Field(3).Size = 15
Sender2TB.Fields.Append Data2Field(3)
Data2Field(4).Name = "Channell"”
Data2Field(4).Type = DB_LONG
Sender2TB.Fields. Append Data2Field(4)
Data2Field(5).Name = "Channel2"
Data2Field(5).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(5)
Data2Field(6).Name = "Channel3"
Data2Field(6).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(6)
Data2Field(7).Name = "Channel4"”
Data2Field(7).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(7)
Data2Field(8).Name = "Channel5"
Data2Field(8).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(8)
Data2Field(9).Name = "Channel6"
Data2Field(9).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(9)
Data2Field(10).Name = "Channel 7"
Data2Field(10).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(10)
Data2Field(11).Name = "Channel8"
Data2Field(11).Type = DB_LONG
Sender2TB.Fields.Append Data2Field(11)
Data2Ficld(12).Name = "Check"
Data2Field(12).Type = DB_TEXT
Data2Field(12).Size =5
Sender2TB.Fields.Append Data2Field(12)



'Add Serder2TB To Database
Sender.TableDefs. Append Sender2TB

* Create fields of Sender3 Table
Sender3TB.Name = “Sender3"
Data3Field(1).Name = "Month"
Data3Field(1).Type = DB_TEXT
Data3Field(1).Size =7
Sender3TB.Fields. Append Data3Field(1)
Data3Field(2).Name = "Date"
Data3Field(2). Type = DB_TEXT
Data3Field(2).Size = 5
Sender3TB.Fields.Append Data3Field(2)
Data3Field(3).Name = "Tim"
Data3Field(3).Type = DB_TEXT
Data3Field(3).Size = 15
Sender3TB.Fields.Append Data3Field(3)
Data3Field(4).Name = "Channel1"
Data3Field(4).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(4)
Data3Field(5).Name = "Channel2"
Data3Field(5).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(5)
Data3Field(6).Name = "Channel3"
Data3Field(6). Type = DB_LONG
Sender3TB.Fields.Append Data3Field(6)
Data3Field(7).Name = "Channel4"
Data3Field(7).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(7)
Data3Field(8).Name = "Channel5"
Data3Field(8).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(8)
Data3Field(9).Name = "Channel6"
Data3Field(9).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(9)
Data3Field(10).Name = "Channel7"
Data3Field(10).Type = DB_LONG
Sender3TB.Fields.Append Data3Field(10)
Data3Field(11).Name = "Channel8"
Data3Field(11).Type = DB_LONG
Sender3TB.Ficlds.Append Data3Field(11)
Data3Field(12).Name = "Check"
Data3Field(12).Type = DB_TEXT
Data3Field(12).Size=5
Sender3TB.Fields.Append Data3Field(12)

‘Add Serder3TB To Database
Sender.TableDefs.Append Sender3TB
' Must close and re-open to enable multi-
user access
' to a newly created database.
Sender.Close
End If

Set Sender = OpenDatabase("Sender.MDB")
Set Senderl = Sender.OpenTable("Sender1")
Set Sender2 = Sender.OpenTable("Sender2")

Set Sender3 = Sender.OpenTable("Sender3")
OpenTheDatabase = True

End Function
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Features

Compatible with MCS-51™ Products

2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

‘2.7 V to 6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmabie VO Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power ldle and Power Down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C2051 is a powerful microcomputer which provides a highly flexible and cost
effective solution to many embedded control applications.

The AT89C2051 provides the foliowing standard features: 2 Kbytes of Flash, 128
bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor and clock circuitry. In addition, the AT89C2051 is designed with static logic for
operation down to zero frequency and supports two software selectable power sav-
ing modes. The idie Mode stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The Power Down Mode
saves the RAM contents but freezes the oscillator disabling all other chip functions
until the next hardware reset.

Pin Configuration

PDIP/SOIC
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Pin Description
Vce

Supply voltage.

GND

Ground.

Port1

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to
P1.7 provide intemal pullups. P1.0 and P1.1 require exter-
nat pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays di-
rectly. When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2 to P1.7 are used as inpuls
and are extemally putted fow, they will source current (liL)
because of the internal putiups.

Port 1 also receives code data during Flash programming
and program verification.

Port3

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional YO
pins with internal putlups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose VO pin. The Port 3 output buffers
can sink 20 mA. When 1s are written to Port 3 pins they
are pulled high by the intemal puliups and can be used as
inputs. As inputs, Port 3 pins that are extemally being
pulled low will source current (liL) because of the putliups.

Port 3 also serves the funclions of various special features

of the AT89C2051 as listed below:
Port Pin | Alternate Functions
P3.0 RXD (serial input port)

P3.1 TXD (serial output porf)

P3.2 INTO (extemal interrupt 0)
P3.3 INT1 (extemnal interrupt 1)
P3.4 T0 (timer 0 extemal input)
P3.5 T1 (timer 1 extemal input)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.
RST

Reset input. Al YO pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cy-
cles while the osclitator is running resets the device.
Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

input to the inverting osclllator amplifier and input to the
intemal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use
as an on-chip oscillator, as shown in Figure 1. Either a
quartz crystal or ceramic resonator may be used. To drive
the device from an external clock source, XTAL2 should
be left unconnected while XTAL? is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the extemal clock signal, since the input to the intemal
clocking circuitry is through a divide-by-two flip-fiop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Figure 1. Oscillator Connections

S XTAL2
it I
(]
=N o
I GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF 1 10 pF for Ceramic Resonators

Figure 2. Extemal Clock Drive Configuration
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Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in the table be-
low.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general retum

Table 1. AT89C2051 SFR Map and Reset Values

random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

OF8H OFFH
OFoH | o B OF7H
00000000
OESH OEFH
ACC
OEOH | obec 0E7H
0D8H ODFH
PSW
ODOH | 0P % 0D7H
0c8H OCFH
0COH 0C7H
0B8H P 0BFH
XXX00000
P3
0BOH | 41411111 087H
0A8H I 0AFH
0XX00000
OAOH 0ATH
SCON SBUF
98H | 00000000 | XOOCOKX 9FH
P1
90H | 44111111 o
gar | _TCON T™OD To 1 THO TH 8FH
00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
sP DPL DPH PCON
80H 00000111 | 00000000 | 00000000 0xxxoooo | 8H
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. it
contains 2 Kbytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which
is 2K for the AT88C2051. This should be the responsibil-
ity of the sofiware programmer. For example, LIMP 7E0H
would be a valid instruction for the AT88C2051 (with 2K of
memory), whereas LJMP 900H would not. .-

1. Branching instructions:
LCALL, LJMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that
the destination branching address must fali within the
physical boundaries of the program memory size (foca-
tions 00H to 7FFH for the 88C2051). Violating the physi-
cal space limits may cause unknown program behavior.

CJINE [...], DJNZ [..], JB, JNB, JC, JNC, JBC, JZ, JNZ
With these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries may cause erratic execution.

For applications involving interupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVX [.. ] instructions should be inciuded in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-
ingly.
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Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features kisted in the table below:

Lock Bit Protection Modes'"
Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 p U Further programming of the
Flash is disabled.
3 ) P Same as mode 2, also verify
is disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation
Idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to 0’ if no extemnal pullups are
used, or set to '1’ if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device nomally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hard-
ware inhibits access to intemal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Wdie is
temminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or
to extemal memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip RAM. The reset shouid not be activated before Vcc
is restored to its normal operating level and must be held
active long enough to allow the osciliator to restart and
stabilize.

P1.0 and P1.1 should be set to ’0’ if no extemnal pullups are
used, or set to "1’ if external pullups are used.
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Programming The Flash

The AT88C2051 is shipped with the 2 Kbytes of on-chip

PEROM code memory array in the erased state (i.e., con-

tents = FFH) and ready to be programmed. The code

memory armay is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire memory amay needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains

an intemal PEROM address counter which is always reset

to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,

the following sequence is recommended.

1. Power-up sequence:

Apply power between Vcc and GND pins

Set RST and XTAL1 to GND

With all other pins floating, wait for greater than 10
milliseconds

2. SetpinRST to'H’

Set pin P32 to 'H'

3. Apply the appropriate combination of 'H’ or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Amay:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM ar-
ray or the lock bits. The byte-write cycle is self-timed
and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic 'H’ level and set pins P3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object fite is reached.

10.Power-off sequence:
set XTAL1 to 'L’
setRSTto 'L’

Float all other {/O pins
Tum Vec power off

AT89C2051 e ss—
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Data Polling: The AT89C2051 features Data Poliing to

indicate the end of a write cycle. During a write cycle, an

attempted read of the last byte written will result in the

complement of the written data on P1.7. Once the write

cycle has been completed, true data is valid on all outputs,

and the next cycie may begin. Data Polling may begin any

time after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can

also be monitored by the RDY/BSY output signal. Pin

P3.1 is pulled low after P3.2 goes High during program-

ming to indicate BUSY. P3.1 is pulled High again when

programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data

lines for verification:

1. Reset the intemal address counter to 000H by bring-
ing RST from 'L’ to 'H'.

2. Apply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Puise pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the

tock bits is achieved by observing that their features are
enabled.

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1%s in the Chip
Erase operation and must be executed before any non-
biank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed
are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 88C2051

Programming interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
selftimed and once initiated, will automatically time itself
to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your

local programming vendor for the appropriate software re-
vision.

Flash Programming Modes
P32l
Mode RST PROG P33 P34 P3.5 P3.7
Write Code Data(' 12v A L H H H
Read Code Data'") H H L L H H
Wiite Lock Bit-1 12v NS H H H H
Bit-2 12v ~ay H H L L
Chip Erase 12V RWAL H L L L
Read Signature Byte H H L L L L
Notes: 1. The intemal PEROM address counter is resetto 000H 2. Chip Erase requires a 10 ms PROG pulse.
on the rising edge of RST and is advanced by aposi- 3. P3.1 is pulled Low during programming to indicate
tive puise at XTAL1 pin. RDY/BSY\
‘Iﬁiﬂ 3-23
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory 5V
ATBIC2051 7 AT89C2051 —j
ROVBSY <«— P31 Voo -—T Veo -
PROG —»] Pa2 P |e— FoM Vu — P32 P1 1> pama
——» P33 —»{ P33
——» P34 SEEFLASH ——» P34
SEE FLASH PROGRAMMING
PROGRAMMING ——»1 P3.5 MODES TABLE ——¥| P35
MODESTABLE | .- _ Jlpaz
_JL_—®% X1 RST f—Vn’Vw [1.—» XTAL1 RST f&—— Vi
TO INCREMENT GND GND
ADDRESS COUNTER f
Flash Programming and Verification Characteristics
TA=21°C to 27°C, Vcc = 5.0+ 10%
Symbol Parameter Min Max Units
Vpp Programming Enable Vottage 115 12.5 \'4
Ipp Programming Enable Current 250 HA
toveL Data Setup to PROG Low 1.0 s
tGHDX Data Hold After PROG 1.0 s
tEHSH P3.4 (ENABLE) High to Vpp 1.0 s
tSHGL Vpp Setup to PROG Low 10 ps
tGHsL Vpp Hold After PROG 10 us
tGLGH PROG Width 1 110 us
teLav ENABLE Low to Data Valid 1.0 ys
teHQZ Data Float After ENABLE 0 1.0 s
tGHBL PROG High to BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clack Delay 1.0 s
tiHiL Increment Clock High 200 ns

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms

PORT 1

P3.2
(PROG)

RST
(Vep)

P34

(ENABLE)
P3.1

(RDY/BSY)

XTAL1
(INCREMENT
ADDRESS)

Absolute Maximum Ratings*

3 *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operating Temperature................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
S o This is a stress rating only and functional operation of the
Storage Temperature...................... -65°C to +150°C device at these or any other conditions beyond those indi-
Voltage on Any Pin cated in the operational sections of this specification is not
y L implied. Exposure to absolute maximum rating conditions
with Respect to Ground ................... 1.0Vio+70V for extended periods may affect device reliability.
Maximum Operating Voltage ...........cccceeceene. 66V
DC Output Current..................... ..25.0 mA
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D.C. Characteristics
TA =-40°C to 85°C, Vcc = 2.7 V 10 6.0 V (unless otherwise noted)
Symbol Parameter Condition Min Max Units
ViL input Low Voltage -0.5 0.2 Vce-0.1 Y}
VIH Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 Vv
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vcc+0.5 \")
y Output Low Voltage® 1oL =20mA, Vec=5V 0.5 v
OL | (Ports 1, 3) loL=10mA, Vcc=27V :
Outout Hiah Volta loH=-80pA, Vcc =5V 10% 24 v
0 e
VoH | moms1 3y 0 foH = -30 pA 0.75 Vcc v
loH=-12pA 0.9 Vcc Vv
Logical 0 Input Current o
i (Ports 1, 2, 3) ViN=045V -50 A
Logicat 1 to 0 Transition - _
n Current (Ports 1,2,3) ~ YN=2V 750 BA
Input Leakage Current
I (Port P1.0, P1.1) 0<Vin<Vce 10 pA
Comparator Input Offset S
Vos Voltage Vec=5V 20 mv
Comparator input
Vem Common Mode Voltage = Vec v
RRST | Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, TA=25°C 10 pF
Active Mode, 12 MHz, Vcc =6 V/3V 15/5.5 mA
Power Supply Current (gl Mode, 12 MHz, Vcc =6 V/3 V P mA
fcc P1.0&P1.1=0VorVcc
Power Mode(z) Vcc=6VP1.0&P1.1=0VorVcc 100 HA
Vcc=3VP1.0&P1.1=0VorVcc 20 yA

Notes: 1. Under steady state (non-iransient) conditions, loL
must be externally limited as follows:
Maximum lot. per port pin:20 mA
Maximum total IOL for all output pins:80 mA

If 1OL exceeds the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
cumrent greater than the listed test conditions.

2. Minimum Vcc for Power Downis 2 V.
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External Clock Drive Waveforms

AT89C2051

towex —*
tac
External Clock Drive
Symbol Parameter Vcc= 27Vto6.0V Vcc= 40Vto60V Units
Min Max Min Max

1AcLcL Oscillator Frequency 0 12 0 24 MHz
tcLet Clock Period 83.3 416 ns
tcHex High Time 30 16 ns
tcLex Low Time 30 15 ns
tcLCH Rise Time 20 20 ns
tcHeL Fall Time 20 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vcc = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tXLXL Serial Port Clock Cycle Time 10 12icicL ps
tavxH Output Data Setup to Clock Rising Edge 700 10tcLc-133 ns
tXHAxX Output Data Hold After Clock Rising Edge 50 2tcicL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
INSTRUCTION | -0 | ¥ 2 8 | _4 5 | _6_ | 7 | 8
ALE
"t
cLock IMEIN [ BB\~ ek ¥ e \\L_ |
—] fe— txwlrzx
WRITE 7O SBUF o[ X 1 [ X2 X8 X & X5 X 686X 7/
——p t
OUTPUT DATA Yoy (¢ I b SETT
. CLEARRI ;
M t
INPUT DATA SET RI

AC Testing Input/Output Waveforms”  Float Waveforms "

Voo - 05V

045V

Note: 1. AC Inputs during testing are driven at Vec-0.5Vfora Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs.
ments are made at Vii min. for a logic 1 and Vi, A port pin begins to float when a 100 mV change
max. for a logic 0. from the loaded Vor/VoL level occurs.
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)

Vcc=6.0V

| 15 //
g / Vc(:ﬂ/ /

———

/ Vce=3.0V
m
/
A 5 ———y
/
__/

0 6 12 18 24
FREQUENCY (MHz)

AT89C2051
TYPICAL ICC - IDLE (85°C)

Vce=6.0V
/
| /

Vce=5.0V /
Cc ]

> 3

Vce=3.0V

0 3 6 9 12
FREQUENCY (MHz)
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- AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)

I 15 //
¢ _—

PP

20

>t
(3,

3.0v 4.0V 5.0V 6.0V
Vcc VOLTAGE

Note: 1. XTAL1 tied to GND for lcc (power down).
2. P.1.0 and P1.1 = Vcc or GND.
3. Lock bits programmed.
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Ordering Information
Speed Power .
(MHz) Supply Ordering Code Package Operation Range
12 |27vteBovV|  ATB9C2051-12PC 20P3 Commercial
~ AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12PI 20P3 Industrial
AT89C2051-12SI 20S (-40°C to 85°C)
24 40V1060V ATB9C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24P! 20P3 industrial
AT89C2051-24S! 20S (40°C to 85°C)
Package Type
20P3 20 Lead, 0.300" Wide, Plastic Dual In-fine Package (PDIP)

20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
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3 1D o
The MAX192 is a low-cost, 10-b data-acquisition system
that combines an 8-channel multiplexer, high-bandwidth
track/hold, and serial interface with high conversion
speed and ultra-low power consumption. The device
operates with a single +5V supply. The analog inputs
are software configurable for single-ended and differen-
tial (unipotar/bipolar) operation.

The 4-wire serial interface connects directly to SPI™,
QSPI™, and Microwire™ devices, without using externat
logic. A serial strobe outpitt allows direct connection to
TMS320 family digital signal processors. The MAX192
uses either the internal clock or an external serial-inter-
face clock to perform successive approximation A/D
conversions. The serial interface can operate beyond
4MHz when the internal clock is used. The MAX192 has
an internal 4.096V reference with a drift of +30ppm typi-
cal. A reference-buffer amplifier simplifies gain trim and
two sub-LSBs reduce quantization ervors.

The MAX192 provides a hardwired SHDN pin and two
software-selectable power-down modes. Accessing
the serial interface automatically powers up the device,
and the quick turn-on time allows the MAX192 to be
shut down between conversions. By powering down
between conversions, supply current can be cut to
under 10pA at reduced sampling rates.

The MAX192 is available in 20-pin DIP and SO pack-
ages, and in a shrink-small-outline package (SSOP)
that occupies 30% less area than an 8-pin DIP. The
data format provides hardware and software compati-
bility with the MAX186/MAX188. For anti-aliasing filters,
consult the data sheets for the MAX291-MAX287.

Applications

Automotive

Pen-Entry Systems
Consumer Electronics
Portable Data Logging
Robotics

Battery-Powered Instruments, Battery
Management

Medical instruments

See last page for Typical Operating Clrcuit

™ SPl and QSPI are trademarks of Motorola Corp.
Microwire is a trademark of National Sermiconductor Corp.

MAXLM

MAXIMN

Low-Power, B-Channel;
Serial 10-Bit ADC

Features

¢ 8-Channel Singte-Ended or 4-Channe{ Differential

inputs

¢ Single +5V Operation
¢ Low Power: 1.6mA (operating)

2pA (power-down)

4 Internal Track/Hold, 133kHz Sampling Rate
4 Internal 4.096V Reference
¢ 4-Wire Serial interface is Compatible
with SPI, QSPI, Microwire, and TMS320
¢ 20-Pin DIP, SO, SSOP Packages
¢ Pin-Compatibie 12-Bit Upgrade (MAX186/MAX188)

Ordering Information
PART TEMP. RANGE PIN-PACKAGE WNL{LSBs)
MAX192ACPP 0Tt +70C 20 Plastic DIP 2172
MAX1928CPP 0Cto+70T  20Plastic DIP 21
MAX192ACWP 0Tt +70C 20 Wide SO +W2
MAX192BCWP OTw +70 T 20 Wide SO =1
MAX192ACAP 0CTto+70C 20SSOP +112
MAX192BCAP 0Tt +70C 20 SSOP 11
MAX192AEPP -40Tto +85TC 20 Plastic DIP  11/2
MAXT192BEPP -40Tto+85T 20 Plastic DIP  +1
MAXT92AEWP -40Tto +85 T 20 Wide SO 212
MAX192BEWP -40T1o +85T 20 Wide SO 11
MAX192AEAP -40Cw +85T 20 SSOP 42
MAX192BEAP -40Tto+85T 20 SSOP £1
MAX192AMIP  -55 Tto+125C 20 CERDIP 112
MAX192BMJP  -55 Tto +125 T 20 CERDIP 11
Pin Configuration
TOP VitwW

Maxim integrated Prodicts 1

2
-

Call toll froe 1-800-998-8800 for free samples or literature.
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Low-Power, 8-Channel,
Serial 10-Bit ADC

ABSOLUTE MAXIMUM RATINGS

Vpp o AGND -0.3Vto +6V SSOP {derate 8.00mW/ T above +70 T) ..

AGND 10 DGND.....oovvrrrrtrrntsrisrinrrneini e 0.3Vto «03V CERDIP {derate 11.11mW/ T above +70 T)

CHO-CH7 to AGND, DGND ...........cccueece. 0.3Vio (Vpp +0.3V) Operating Temperature Ranges

VREF to AGND 0.3V o (Vpp + 0.3V) MAX192_C_P 0Cto+70T
REFADJ 10 AGND......ocoimircritecnienens 0.3Vto (Vpp + 0.3V) MAX192_E_P 40Tt +85T

.-0.3Vto (Vpp + 0.3V) MAX192_MIP 55C0+125¢C

Digital Inputs to DGND...

Digital Outputs to DGND.... .-0.3Vto (Vpp + 0.3V) Storage Temperature Range..............ocvueeeeeenaes 60T1t0+150T
ConmuousPowerDass&panon(TAn +70C) Lead Temperature (soldering, 10sec) +300 C
Plastic DIP {derate 11.11mW/ T above +70 T) ......... 88%mwW
SO (derate 10.00mW/ T above +70 T)..c.cocevrrenerernine 800mwW

Stresses beyond those listed under "Absolute Maximum Ratings ® may cause permanent damage [0 the device. These are stress ratings only, and functional
operation of the device at thase or any other conditions beyond those indicated in the operational sections of the specifications is not implied Exposure 0
absolute maximum rating conditions for extended periods may affect device reliabiity.

ELECTRICAL CHARACTERISTICS

{(Vpp = 5V 25%, fCLK=20MHz,extemalclock(50%dmycyde) 15 clocks/conversion cycle (133ksps), 4.7pF capacitor at VREF pin,
Ta = Tumin to Tmax, unless otheswise noted. Typical values areat Ta = +25TC)

PARAMETER [symBot | CONDITIONS [ MmN TYP  maX | unms
DC ACCURACY (Note 1)
Rasolution 10 Bits

. MAX192A 112

Relative Accuracy (Note 2) MAX1G28 = LSB
Differential Nontinearity DNL No missing codes over temperature +1 LS8
Offset Esvor £2 LS8
Gain Efror Extemal reference, 4.096V 22 LS8
Gain Temperawsre Coefficient External reference, 4.096V 0.8 ppm/ T
mc;zm 0.1 LsB
DYNAMIC SPECIFICATIONS (10kHz sine-wave input, 4.096Vp p, 133ksps, 2.0MHz external clock)
Signal-to-Noise + Distortion Ratio} SINAD 66 dB
e n e Jf =
Spurious-Free Dynamic Range SFDR 70 dB
Channel-to-Channel Crosstalk 65kHz, ViN = 4.096Vpp (Note 3) -75 dB
Small-Signa! Bandwidth -3dB rolloff 45 MHz
Full-Power Bandwidth 800 kHz
CONVERSION RATE

. Intemal clock 55 10
Conversion Time (Note 4) 1CONY I temal clock, 2MHz, 12 clocks/conversion 3 »
Track/Hold Acquisition Time nz 15 Hs
Aperture Delay 10 ns
Aperture Jitter <50 ps
Internat Clock Frequency ) 1.7 MHz




Low-Power, 8-Channel,
Serial 10-Bit ADC

ELECTRICAL CHARACTERISTICS (continued)

{Vop = 5V 25%, fc1« = 2.0MHz, extemal clock (50% duty cycle), 15 clocks/conversion cycle (133ksps), 4.7uF capacitor at VREF pin,
Ta = Tyin to Tiay, unless otherwise noted. Typical values are at Tp = +25 C.)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX { UNITS
External compensation, 4. 7pF 0.1 20
Extemal Clock Frequency Intenal compensation (Note 5) 0.1 04 MHz
Used for data transfer only 10
ANALOG INPUT
Common-mode range (any input) (Note 6) 0 Voo
Single-ended range {unipolar onty) 0 VREF
Analog Input Voltage Unipolar 0 VREF v
Differential range Bipolar XZB.E_F 'XZ&E—F
Muttiplexer Leakage Current On/off leakage cument, Vi = OV, 5V +0.01 11 pPA
Input Capacitance (Note 5) 16 pF
INTERNAL REFERENCE (reference buffer enabled)
VREF Output Voltage Ta=+25T 4076 409% 4.116 v
VREF Shon-Circuit Current 30 mA
VREF Tempco 130 ppm/ T
Load Regutation (Note 7) OmA to 0.5mA output toad 25 mv
Capacitive Bypass at VREF Edvel Compoiaaiion I :7 WuF
. Intemal compensation 0.01
Capacitive Bypass at REFADJ s SeaAT 0o yF
REFADJ Adjustment Range 1.5 %
EXTERNAL REFERENCE AT VREF (buffer disabled, VREF = 4.096V)
Input Voltage Range 25 ‘;‘&3& v
Input Cumrent 200 350 pA
Input Resistance 12 20 kQ
Shutdown VREF input Cumrent 15 10 pA
Buffer Disable Threshold Vop - v
REFADJ 50mv
EXTERNAL REFERENCE AT REFADJ
3 Intemal compensation mode 0
Capacitive Bypass at VREF External compensation mode 4.7 KF
Reference-Buffer Gain 1.678 ) VNV
REFADJ input Current 50 pA
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Low-Power, 8-Channel,
Serial 10-Bit ADC

ELECTRICAL CHARACTERISTICS (continued)

(Vpp = 5V 5%, fc « = 2.0MHz, external clock (50% duty cycle), 15 clocks/conversion cycle (133ksps), 4.7yf capacitor at VREF pin,
Ta = T to Tiuax_ unless otherwise noted. Typical values are at Ty = +25 C.)

PARAMETER | symaoL | CONDITIONS | MmN TYP  MAX [ UNITS
DIGITAL INPUTS (DiN, SCLK, CS, SHDN)
DIN, SCLK, CS Input High Voltage] ~ Vint 2.4 v
DIN,SCLK, CS input Low Voltage | Ving. 0.8 v
DIN, SCLK, CS Inpul Hysteresis | Vhyst 0.15 v
DIN, SCLK, CS Input Leakage N Vin = OV or Vpp +1 PA
DIN,SCLK, CS Input Capacitance| CiN | (Note 5) 15 pF
SHDN Input High Voltage VINH Voo - 0.5 v
SHDN Input Low Voltage VINL 0.5 v
SHDN Input Current, High hinH SHDN = Vop 40 A
SHDN Input Current, Low INL SADN = OV 40 pA
| SHDN Input Mid Voltage Vim 15 Voo 15| V
HDN Voitage, Floating VELT SHDN = open 2.15 v
MST.*'BNW":'K‘” Allowed Upaiaggs SADN - open 100 100 { nA
DIGITAL OUTPUTS (DOUT, SSTRB)
Isink = SmA 0.4
Qutput Voltage Low Yo o= TomA 03 |
Output Voltage High Vou ISOURCE = TMA 4 v
Three-State Leakage Current I CS =5V 110 pA
Three-State Leakage Capacitance| CouT | €S = 5V (Note 5) 15 pF
POWER REQUIREMENTS
Positive Supply Voltage VoD 5 £5% v
Operating mode 15 25 mA
Positive Supply Current Ipp [ Fast power-down 30 70
Full power-down 2 0] M
mvg) Supply Rejection PSR f\ﬁ?‘[_) s:azl“:l;‘}: extemal reference, 4.096V; +006 205 mv

Note 1: Tested at Vpp = 5.0V; single-ended, unipolar.

Note 2: Rolative accuracy is the deviation of the analog vahie at any code from its theoretical value after the fullscale range has
been calibrated.

Note 3: Grounded on-channel; sine wave appliod to ali off channels.

Note 4: Conversion time defined as the number of clock cycles times the clock period: clock has 50% duty cycle.

Note 8: Guaranteed by design. Not subject to production testing.

Note 6: The common-mode range for the analog inpusts is from AGND to Vpp.

Note 7: External load sheuld not change during conversion for specified accuracy.

Note 8: Measured at Vsyppry +5% and Vgyppry 5% only.
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TIMING CHARACTERISTICS
(Vpp = 5V 25%, Ty = Ty to Tax, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Acquisition Time wz 15 13
DIN to SCLK Setup 105 100 ns
DIN to SCLK Hold tDH V] ns
SCLK Fall to Output Data Vatid 1o CLOAD = 100pF 20 150 ns
CS Fall to Outpwt Enable v CLoAD = 100pF 100 ns
CS Risa to Output Disable trR CLoaD = 100pF 100 ns
€S w SCLK Rise Setup Css 100 ns
€S 10 SCLK Rise Hotd CsH 0 ns
SCLK Putse Width High CH 200 ns
SCLK Puise Width Low cL 200 ns
SCLK Fall to SSTRB 1ssTRB | CLOAD = 100pF 200 ns
ok 10 SSTRE Ouiput Enable) ;| Extomal clock mode only. CLOAD = 100pF 20 | ns
€S Rise to SSTRB
Disable (Note 5) Qragra tsTR Extemal clock mode only, CLOAD = 100pF 200 ns
SSTRB Rise to SCLK Rise
(Note 5) tscK intemal clock mode only 0 ns

Note 6: Guaranteed by design. Not subject to production testing.

Typical Operating Characteristics

POWER-SUPPLY REJECTION WSTERNAL REFERENCE VOLTAGE CHATMEL-TO-CHANNEL OFFSEY MATCHING
vs. TEMPERATURE ws. TEMPERATURE vs. TEMPERATURE
030 —TT7 (873
oz \ Vpo = +5V 5% 2456 014 \
02 2 o1z N
2455 \ ; \\
® 0.10
fois \ e \ 5 N
Q2454 E ocs
5010 i l § \\
\ g 5o N
005 2453 £ \
% 004 N /
o -4 / 002 /
2452 J 3
005 0
60 40-20 0 20 40 60 80 100120140 £0-40 -20 0 20 40 60 BO 100 120 140 6040 20 0 20 40 60 80 100 120 140
TEMPERATURE { C) TEMPERATURE ( €) TEMPERATURE ( ©)
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Pin D inti
PIN NAME i FUNCTION
1-8 CHO-CH7 | Sampling Analog inputs
9,13 AGND | Analog Ground. Also IN- Input for single-enabled conversions. Connect both AGND pins 10
' 1 analog ground.
Three-Level Shutdown input. Pulling SHDN low shuts the MAX192 down to 10pA (max) supply cur-
10 SADN rent, otherwise the MAXT92 is fully operational. Pufling SHDN high puts the reference-buffer ampiifi-
er in intemal compensation mode. Letting SHON float puts the reference-buffer amplifier in extemnal
compensation mode.
Reference Voltage for analog-to-digital conversion. Also, Outpit of the Reference Buffer Amplifier.
1 VREF Add a 4.7yf capacitor to ground when using extemal compensation mode. Also functions as an
input when used with a precision extemal reference.
12 REFADJ Reference-Buffer Amplifier Input. To disable the reference-buffer amplifier, ie REFADJ to Vpp.
14 DGND Digital Ground
15 DOUT Serial Data Output. Data is clocked out at the falling edge of SCLK. High impedance when CS is
high.
Serial Strobe Output. in interal clock mode, SSTRB goes low when the MAX192 begins the AD
16 SSTRB conversion and goes high when the conversion is done. In external clock mode, SSTRB pulses
high for one clock period before the MSB decision. SSTRB is high impedance when CS is high
(extema! mode).
17 DIN Serial Data Input. Data is clocked in at the rising edge of SCLK.
18 s Active-Low Chip Select. Data will not be clocked into DIN unless CS is low. When CS is high,
DOUT is high impedance.
19 SCLK Serial Clock Input. Clocks data in and out of serial interface. In external clock mode, SCLK atso
sets the conversion speed. (Duty cycle must be 45% to 55%.)
20 VoD Positive Supply Voltage, +5V £5%
-5V W5V
x 3x
pout N oout oout oouT
i % Cion % Cion x % Cioan % Cionn
= DGND = — DGND = OGND = — DGND
a. High-Z to Vou and Vor (0 Vou . bigh-Z o oy and Vou to Vou Vo to High 2 bVoy to High-Z

Figure 1. Load Circuits for Enable Time

Figure 2. Load Circuits for Disabled Time
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SCLK pl2 |
INPUT
SHIFT

REGISTER] CON

L niur

R+ Eesstra)

&

L
|

8

120 v
H4-nGND

V246V
REFERENCE | 2K

CAPACITIVE DAC
VREF — ---—|

INPUT Cronn COMPARATOR

MUX o, ZERD
oh —o
o2 —o
a3—o
a4 —o
CH5 —O AT THE SAMPLING INSTANT,

THE MUX INPUT SWTICHES
a5 —0
1 !

S FROM THE SELECTED 1R

CHANNEL TO THE SELECTED
IN- CHAMNEL

SINGLE-ENDED MODE: IN+ = CHO-CHY, iN- = AGND.
OIFFERENTIAL MODE (BIPOLAR): IN+ AND IN - SELECTED FROM PAIRS OF
CHOCH1, CH2/CH3, CH4/CHS, CHE/CH?.

Figure 3. Block Diagram

D iled D » ¥
The MAX192 uses a successive-approximation conver-
sion technique and input track/hold (T/H) circuitry to
convert an analog signal to a 10-bit digital output. A
flexible serial interface provides easy interface to
microprocessors. No external hold capacitors are
required. Figure 3 shows the block diagram for the
MAX192.

Pseudo-Differontial input
The sampling architecture of the ADC’s analog com-
parator is illustrated in the Equivalent Input Circuit
(Figure 4). in single-ended mode. IN+ Is internally
switched to CHO-CH7 and IN- is switched to AGND. In
differential mode, IN+ and IN- are selected from pairs
of CHO/CH1, CH2/CH3, CH4/CH5 and CHE/CHT. Refer
to Tables 1 and 2 to configure the channels.

In differential mode, IN- and IN+ are internally switched
to either one of the analog inputs. This configuration is
pseudo-differential to the effect that only the signal at
IN+ is sampled. The return side (IN-) must remain sta-
ble within +0.5LSB (+0.1LSB for best results) with

MAXIM

Figure 4. Equivalent Input Circusit

respect to AGND during a conversion. Accomplish this
by connecting a Q.1pF capacitor from AIN- (the select-
ed analog input, respectively) to AGND.

During the acquisition interval, the channel selected as
the positive input (IN+) charges capacitor Cuorp.- The
acquisition interval spans three SCLK cycles and ends
on the faliing SCLK edge after the last bit of the input
cortrol word has been erntered. At the end of the acqusi-
sition interval, the T/H switch opens, fetaining charge
an CHOLD as a sample of the signal at IN+.

The conversion interval begins with the input muttiplex-
er switching CHaLp from the positive input (IN+) to the
negative input (IN-). In single-ended mode, iN- is
simply AGND. This unbalances node ZERO at the input
of the comparator. The capacitive DAC adjusts during
the remainder of the conversion cycle to restore its
node ZERO to OV within the limits of its resolution. This
action is equivalent to transferring a charge of
16pF x (Vin+ - Vi) from CHOLD to the binary-weighted
capacitive DAC, which in turn forms a digital represen-
tatiop of the analog input signal.

C6LXYIN
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TrackiHold

The T/H enters its tracking mode on the falting clock edge
after the fifth bit of the 8-bit control word has been shifted
in. The T/H enters its hold mode on the falling clock edge
after the eighth bit of the control word has been shifted in.
If the converter is set up for single-ended inputs, IN- is
connected 10 AGND, and the converter samples the "+~
input. If the converter is set up for differential inputs, IN-
connects to the *-" input, and the difference of |IN+ - lN-|
is sampled. At the end of the conversion, the positive
input connects back to IN+, and CyoLp charges to the
input signal.
The time required for the T/H to acquire an input signal is
a function of how quickly its input capacitance is
charged. If the input signal's source impedance is high,
the acquisition time lengthens and more time must be
allowed between conversions. Acaquisition time is calcu-
tated by:
taz = 9 (Rs + Ryy) 16pF

where Ryy = 5kQ, Rs = the source impedance of the input
signal, and taz is never less than 1.5ps. Note that source
impedances below 5kQ do not significantly affect the AC
performance of the ADC.

input Bandwidth
The ADC's input tracking circuitry has a 4.5MHz
smatll-signal bandwidth, so it is possible to digitize
high-speed transient events and measure periodic sig-
nals with bandwidths exceeding the ADC's sampfing rate
by using undersampling techniques. To avoid high-fre-
quency signals being aliased into the frequency band of
interest, anti-alias filtering is recommended. Seethe data
sheets for the MAX291-MAX297 filters.

Analog Input Range and Input Protection
Internal protection diodes, which clamp the analog
input to Vpp and AGND. aliow the channel input pins to
swing from AGND - 0.3V to Vpp + 0.3V withoul dam-
age. However, for accurate conversions near full scale,
the inputs must not exceed Vpgp by more than 50mV. or
be lower than AGND by 50mV.

if an off-channel analog input exceeds the supplies
by more than §0mV, current will flow through the
protection diodes on that input. if this current
exceeds 2mA, the accuracy of the on-channel’s con-
version will be degraded.

The MAX192 can be configured for differential {unipolar
or bipolar) or single-ended (unipolar only) inputs, as
selected by bits 2 and 3 of the control byte (Table 3).

in the single-ended mode, set the UNBIP bit to unipo-
lar. In this mode, analog inputs are internally referenced
to AGND, with a full-scale input range from OV to Vres.

In differential mode, both unipotar and bipolar settings
can be used. Choosing unipolar mode sets the differ-
ential input range at OV 10 Vggr. The output code is
invalid (code zero) when a negative differential input
voltage is applied. Bipolar mode sets the differertiat
input range to =Vpgr / 2. Note that in this differential
mode, the common-mode input range includes both
supply rails. Refer to Tables 4a and 4b for input vok-
age ranges.

Quiick Look
To evaluate the analog performance of the MAX192
quickly, use Figure 5's circuit. The MAX192 requires a
control byte to be written to DIN before each

Table 1. Channel Selection in Single-Ended Mode (SGL/DIFF = 1)

SEL2 SEL1 SELO CHo CH1 CH2 CH3 CH4 CHS CHé CH7 AGND
0 0 ] + -
1 0 0 + -
0 0 1 + -
1 0 1 + -
0 1 0 + -
1 1 0 + -
0 1 1 + -
1 1 1 + -
8 MAXLMN
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Table 2. Channel Selection in Differential Mode (SGL/DIFF = 0)

SEL2 SEL1 SEL0  CHo CH1 CH2 CH3 CHe CHE CHE  CHY
0 0 0 . -
0 0 1 . -
0 1 0 . -
0 1 1 . -
1 0 0 - =
1 0 1 % 4
1 1 0 - +
1 1 1 - .

Table 3. Control-Byte Format

8it7 Bit6 Bit§ Bit4 Bit3 Bit 2 Bit 1 Bit0

(MsB) @ss)

START SEL2 SEL1 SELO UNVBIP SGL/DIF PD1 PDO

Bit Name Description

7(MSB) START The first logic *1 bit after CS goes low defines the beginning of the contso! byte.

6 SEL2 These three bits select which of the eight channels are used for the conversion.

5 SEL1 See Tables 1and 2.

4 SELO

3 UNYBIP 1 = unipolar, 0 = bipolar. Selects unipolar or bipolar conversion mode. In unipolar
mode, an anaiog input signal from OV to VREF can be converted:; in differential bipolar
mode, the differential signal can range from -VREF / 2 to +VREF / 2. Select differential
operation if bipolar mode is used.

2 SGLDWF 1 = single ended. 0 = differential. Selects single-ended or differential conversions. in
single-ended mode, input signal voltages are referred to AGND. In differential mode,
the voltage difference between two channels is measured. Select unipolar operation
if single-ended mode is used. See Tables 1 and 2.

1 PD1 Selects clock and power-down modes.

O{LSB) PDO epl PDo Mode

] 0 Full power-down (I = 2pA)
4 1 Fast power-down (lg = 30pA)
1 Q Internal clock mode

1 1.- External clock mode

C6LXYIN
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Table 4a. Unipolar Full Scale and Zero Scale

Table 4b. Differential Bipolar Full Scale, Zero Scale,
and Negative Full Scale

ZERO NEGATIVE {ZERO

REFERENCE SCALE FULL SCALE REFERENCE FULL SCALE LE FULL SCALE

intemal Reference oV +4.096V Intemal Reference 4,086V /2 ov +40086V/2
at -12VREFAD) +1/2VReFADY
£ . at REFADJ ov VREFAD (1.678) 3 REFADJ (1.678) ov (1.678)
Reforonce Reference
at VREF ov VREF at VREF -1/2 VRer ov +1/2 VRer
A

conversion. Tying DIN to +5V feeds in control bytes of
$FF (HEX), which trigger singte-ended conversions on
CH7 in externai clock mode without powering down
between conversions. In external clock mode, the
SSTRB output puises high for one clock period before
the most significant bit of the conversion result comes
out of DOUT. Varying the analog input to CH7 should
alter the sequence of bits from DOUT. A totat of 15
clock cycles is required per conversion. All transitions
of the SSTRB and DOUT outputs occur on the falling
edge of SCLK.

Howr to Start a Conversion

A conversion is started on the MAX192 by clocking a
contro! byte into DIN. Each rising edge on SCLK, with
CS low, clocks a bit from_DIN into the MAX192's inter-
nal shift register. After CS falis. the first amiving logic
“1" bit defines the MSB of the controt byte.  Untit this
first “start” bit arrives, any number of logic "0" bits can
be clocked into DIN with no effect. Table 3 shows the
control-byte format.

The MAX192 is compatible with Microwire, SPI, and
QSPt devices. For SPI, select the comrect clock polarity
and sampling edge in the SPI control registers: set
CPOL = 0 and CPHA = 0. Microwire and SP! both
transmit & byte and receive a byte at the same time.
Using the Typical Operating Circuit, the simplest soft-
ware interface requires only three 8-bit transfers to per-
form a conversion (one 8-bit transfer to configure the
ADC, and two more 8-bit transfers to clock out the
12-bit conversion resuit).

Example: Simple Sofiware Interface
Make sure the CPU's serial interface runs in master
mode so the CPU generates the serial clock. Choose a
clock frequency from 100kHz to 2MHz.

1} Set up the control byte for external clock mode,
catt it TB1. TB1 should be of the format:

IXXXXX11 binary, where the Xs denote the par-
ticular channel and conversion-mode selected.

Z) Use a general-purpose (/O line on the CPU to
pull CS on the MAX192 iow.

3) Transmit 1B1 and simultaneously receive a byte
and call it RB1. ignore RB1.

4) Transmit a byte of all zeros ($00 HEX) and
simultaneously receive byte RB2.

5) Transmit a byte of all zeros ($00 HEX) and
simultaneously receive byte RB3.

6) Pull CS on the MAX192 high.

Figure 6 shows the timing for this sequence. Bytes
RB2 and RB3 will contain the result of the conversion
padded with one leading zero, two sub-LSB bits, and
three trailing zeros. The total conversion time is a func-
tion of the serial clock frequency and the amount of
dead time between 8-bit transfers. Make sure that the
total conversion time does not exceed 120us, to avoid
excessive T/H droop.
Digital Output
In unipolar input mode, the output is straight binary
(Figure 15). For bipotar inputs in differential mode, the
outpud is twos-complement (Figure 16). Data is clocked
out at the falling edge of SCLK in MSB-first format.
Internal and External Clock Modes

The MAX192 may use either an external serial clock or
the internat clock to perform the successive-approxima-
tion conversion. In both clock modes, the external clock
shifts data in and out of the MAX192. The T/H acquires
the input signal as the last three bits of the control byte
are clocked into DIN. Bits PD1 and PDO of the control
byte program the clock mode. Figures 7 through 10
show the timing characteristics common to both
mades.

-
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Voo[———————¢— 5V
0.1pf OSCILLOSCOPE
DGND
AGND ik
MAXIN =
MAX192 AGND -
o 10 SSTRB
4.096V CH1 S
ANALOG 01 ¢ e
INPUT T
— SCLK J].FUUI
2MiHz CH1 CH2 CH3 .~ CH4
w DINp——— =5V OSCILLATOR
D1 Doy
1N4148
r-—¢ REFAD) SSiRY
| J, I
! /REF SHDN NC.
1 (> _lim o
100w T Tand
q —— 7
L o o L L2V a8y
REFERENCE
* FULL-SCALE ANALOG INPUT, CONVERSION RESULT = SFFF (HEX)
**OPTIONAL. A POTENTIOME TER MAY BE USED IN PLACE OF THE REFERENCE FOR TEST PURPUSES.
Figure 5. Quick-Look Circuit
External Clock Internal Clock

In external clock mode, the external clock not only
shifts data in and out, it also drives the analog-to-digital
conversion steps. SSTRB pulses high for one clock
period after the last bit of the control byte.
Successive-approximation bit decisions are made and
appear at DOUT on each of the next 12 SCLK falling
edges (see Figure 6). The first 10 bits are the true data
bits, and the last two are sub-LSB bits.

SSTRB and DOUT go into a high-impedance state when
CSgoes high; after the next CSfalling edge, SSTRB will
output a logic low. Figure 8 shows the SSTRB timing in
external clock mode.

The conversion must complete in some minimum time,
or else droop on the sample-and-hold capacitors may
degrade conversion results. Use intermat clock mode if
the clock period exceeds 10us, or if sefial-clock inter-
ruptions could cause the conversion interval to exceed
120ys.

MAXIMN

In internal clock mode, the MAX192 generates its own
conversion clock internally. This frees the microproces-
sor from the burden of running the SAR conversion
clock, and allows the conversion results to be read
back at the processor's convenience, al any clock rate
from zeyo to typically TOMHz. SSTRB goes low at the
staft of the conversion and then goes high when the
conversion is complete. . SSTRB will be low for a maxi-
mum of 10ps, during which time SCLK should remain
low for best noise performance. An internal register
stores data when the conversion is in progress. SCLK
clocks the data out at this register at any time after the
conversion is complete. After SSTRB goes high, the
next falling clock edge will produce the MSB of the
conversion at DOUT, followed by the remaining bits in
MSB-first format (Figure 8). CS does not need to be
held low once a conversion is started.

Pulling CS high prevents data from being clocked into

11
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Figure 6. 24-Bit Extemnal Clock Mode Conversion Timing (SPI, QSP! and Microwire Compatible)
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Figure 7. Detailed Serial4mnterface Timing

the MAX192 and three-states DOUT. but it does not
adversely affect an internal clock-mode conversion
already in progress. When internal clock mode is
selected, SSTRB does fot go into a high-impedance
state when CS goes high,

Figure 10 shows the SSTRB timing in internal clock
made. (n internal clock made, data can be shifted in
and out of the MAX192 at clock rates exceeding
4.0MHz, provided that the minimum acquisition time,

taz. is kept above 1.5ys.
Data Framing

The falling edge of CS does net start a conversion on the
MAX192. The first logic high clocked into DIN Is inter-
preted as a start bit and defines the first bit of the contro!
byte. A conversion starts on the falling edge of SCLK,

12

after the eighth bit of the contro!l byte {the PDO bit) is
clocked into DIN. The start bit is defined as:
The first high bit clocked into DN with CS low any-
time the converter Is idle, e.g. after Vpp is applied.

OR

The first high bit clocked into DIN after bit 3 of a
conversion in progress is clocked onto the DOUT pin.

if a falling edge on CS forces a staft bit before bit 3
(B3) becomes available, then the cufrent conversion
will be terminated and a new one started. Thus, the
fastest the MAX192 can run is 15 clocks per conver-
sion. Figure 11a shows the serial-interface timing nec-
essary to perform a conversion every 15 SCLK cycles
in external clock mode. -

MAXIM
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Figure 9. Intemal Clock Mode Timing

Most microcontrollers require that conversions occur in
muttiples of 8 SCLK clocks; 16 clocks per conversion
will typically be the fastest that a microcontrolier can
drive the MAX192. Figure 11b shows the serial-inter-
face timing necessary to perform a conversion every 16
SCLK cycles in external clock mode.

Applications Information

Power-On Reset

When power is first applied and if SHDN is not pulled
low, internal power-an reset circuitry will activate the
MAX192 in intemal clock mode, ready to convert with
SSTRB = high. After the power supplies have been sta-
bilized, the intemal reset time is 100us and no conver-
sions should be performed during this phase. SSTRB is

high on power-up and, if CS is low, the first logical 1 on
DiN will be interpreted as a start bit. Until a conversion

MAXIM

takes place, DOUT will shift out zeros.
Reference-Buffer Compensation
In addition to its shutdown function, the SHDN pin also
selects internal or external compensation. The compen-
sation affects both power-up time and maximum conver-
sion speed. Compensated or not, the minimum clock
rate is 100kHz due to droop on the sampile-and-hold.

To select external compensation, float SHDN. See the
Typical Operating Circuit which uses a 4.7yf capaciior at
VREF. A value of 4.7uF ar greater ensures stabiltty and
allows operation of the converter at the full clock speed of
2MHz. External compensation increases power-up time
(see the Choosing Power-Down Mode section, and Table 5).
Internal compensation requires no external capacitor at
VREF, and is selected by putling SHDN high. Internal
compensation allows for shortest power-up times, but is

13
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Figure 12b. Timing Diagram Power-Down Modes, Internal Clock

only available using an external clock and reduces the
maximum clock rate to 400kHz.

Power-Down
Choosing Power-Down Mode

You can save power by placing the converter in a
tow-cutrent shutdown state between conversions.
Setect full power-down or fast power-down mode via
bits 7 and 8 of the DIN control byte with SHDN high
(see Tables 3 and 6). Pull SHDN low at any time to shut
down the converter completely. SHDN overrides bits 7
and 8 of DIN word (see Table 7).

Full powes-down mode turns off ali chip functions that draw
quiescent currert, typically reducing lpp to 2pA.

Fast power-down mode tums off alt circuitry except the
bandgap reference. With the fast power-down mode,
the supply current is 30pA. Power-up time can be short-
ened to 5ps in internal compensation mode.

In both software shutdown modes, the serial interface
remains operational, however, the ADC will not convert.
Table § illustrates how the choice of reference-buffer
compensation and power-down mode affects both
power-up delfay and maximum sample rate.

15
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Table 8. Worst-Case Power-Up Delay Times

Reference Reference- VREF Power- PowerUp Maxinum
Buffer Buffer . Cal-pacitor Down Dela ing
Compensation WF) Mode (sec Rate (ksps)
Mode
Enabled Internal Fast 54 26
Enabled Internal Full 300y 26
Enabled External 4.7 Fast See Figure 14c 133
Enabled External 4.1 Full See Figure 14c 133
Disabled Fast 2 133 B
Disabled Full 2p 133
Table 6. Software Shutdown and Clock Mode nndd s Ay iy ey
F1_FD0__Degfhef Mode SHON  Device Reference-Buffer
1 1 External Clock Mode State Mode Compensation
1 0 Internal Clock Mode 1 Enabled Internal Compensation
0 1 Fast Power-Down Mode Floating Enabled External Compensation
0 0 Full Power-Down Mode 0 Full Power-Down N/A

In external compensation mode, the power-up time is
20ms with a 4.7yF compensation capacitor when the
capacitor is fully discharged. In fast power-down, you
can eliminate start-up time by using low-leakage capacl-
tors that will not discharge more than 1/2LSB white shit
down. In shutdown, the capacitor has to supply the cur-
rent into the reference (1.5pA typ) and the transient cur-
rents at power-up.
Figures 12a and 12b illustrate the various power-down
sequences in both external and internal clock modes.
Sofiware Power-Down

Software power-down is activated using bits PD1 and
PDO of the control byte. As shown in Table 6, PD1 and
PDO also specify the clock mode. When software shut-
down is asserted, the ADC will continue to operate in
the last specified clock mode until the conversion is
complete. Then the ADC powers down into a low qui-
escent-current state. In internal ciock mode, the inter-
face remains active and conversion results may be
clocked out while the MAX192 has already entered a
software power-dowr.

The first logical 1 on DIN will be interpreted as a start
bit, and powers up the MAX192. Following the start bit,
the data input word or control byte also determines

16

clock and power-down modes. For example, if the DIN
word contains PD1 = 1, then the chip will remain pow-
ered up. if PD1 = 0, a powes-down will resume after
one conversion.

Hardware Power-Down

The SHDN pin places the converter into the full
power-down mode. Unlike with the software shutdown
modes, conversion is not completed. it stops coinci-
dentally with SHDN being brought low. There is no
power-up delay if an external reference is used and is
not shut down. The SHDN pin also selects internal or
external reference compensation (see Table 7).
Power-Down Sequencing
The MAX192 auto power-down modes can save con-
siderable power when operating at less than maximum
sample rates. The following discussion illustrates the
various power-down sequences.
Laowest Power at up to 600
Conversians/Channel/Second

The following examples illustrate two different
power-down sequences. Other combinations of clock
rates, compensation modes, and power-down maodes
may give lowest power consumption in other applica-

tions.
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COMPLETE CONVERSION SEQUENCE
e 2ms WAIT ——a (ZEROS)
( (2EROS) CH1 CH? =
ow [ TTTTR— PTTTTThh} T LTRSS T o T T T
FULLPD FASTPD NOPD FULLPD FASTPD
25V |
REFADJ
©= RC=20kQ x Crgrany
VREF
o
—{
laren = 155
Figure 13. FULLPD/FASTPD Power-Up Sequence
FULL POWER-DOWN FAST POWER-DOWN
1000 o 10,000 b
& =
_ 3 3
= g ]
= BCHANNELS = aoHannls| o | 1 CHANEL
& 100 & 1000 gg—aé :
< 77 1 CHANNE! g = :
o =
o
: 4 2
S /]
v - +—4
2™ @ 1o s
< - 2ms FASTPD WAIT = s 2MHz EXTERNAL CLOCK
400kHz EXTERNAL CLOCK. -] ~EXTERNAL COMPENSATION —]
INTERNAL COMPENSATION | —50ps WAIT =
1 L | Sfeap o8] 10 L ARl (e
0 100 200 300 400 500 0 & & X e
CONVERSIONS PER CHANNEL PER SECOND CONVERSIONS PER CHANNEL PER SECOND

Figure 14a. Supply Cument vs. Sample Rate/Second, FULLPD,
400kHz Clock

Figure 14a depicts the MAX192 power consumption for
one or eight channel conversions utilizing full
power-down mode and internal reference compensa-
tion. A 0.01pF bypass capacitor at REFADJ forms an
RC fifter with the internal 20kQ reference resistor with a
0.2ms time constant. To achieve full 10-bit accuracy,
10Q time constants or 2ms are required after power-up.
Waiting 2ms in FASTPD mode instead of full power-up
will reduce the power consumption by a factor of 10 or
more. This is achieved by using the sequence shown in
Figure 13.

Lowest Power at Higher Throughputs

Figure 14b shows the power consumption with
external-reference compensation in fast power-down,
with one and eight channels converted. The external
4.7uF compensation requires a 50ps wait after
power-up, accomplished by 75 idle clocks after a

MAXIMN

Figure 14b. Supply Current vs. Sample Rate/Second, FASTPD,
2MHz Clock
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Figure 14c. Typical Power-Up Delay vs: Time in Shutdown
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OUTPUT CODE
{( £
FULL-SCALE )] T D)
m...m TRANSITION RIS I o ) t
11...110 ... 10T 5. 400 X ¢
t = 2 1 o
n...m \ = N 3
LS8 = 4,096
' : 000...010 1 1024 : :
' 4 ' 000...001 4= 1 !
! / 1 ' i
1 il s 000...000 | wo-mmmem ey d e e e o - e
1 7z 1 FS = +4.096V 1 )
) ’ y WUSB=a_FS . Mmoo+ - '
! ot ' 1024 m...04+ ‘ :
t )
S | w4 ‘ J
’ ' N '
00...01 \ = : =
®...010 ' 100...001 4 ' '
00...001 » 100...000 | :
0...00 U——---- - - oo - — - ' —
e 1 2 3 s £ L +F5- 1LSB
DIFFERENTIAL INPHT VOLTAGE (LSBS)
INPUT VOLTAGE (LSBs)  FS- 32LSB :
Figure 15. Unipolar Transfer Function, 4.096V = Full Scale Fgure 16. Differentia! Bipotar Transfer Function,
+4.096V /2 = Full Scale
dummy conversion. This circuit combines fast External Reference

mutlti-channel conversion with lowest power consump-
tion possible. Full power-down mode may provide
increased power savings in applications where the
MAX192 is inactive for fong periods of time, but where
intermittent bursts of high-speed conversions are
required.

External and Internal References
The MAXT192 can be used with an internal or external
reference. Diode D1 shown in the Typical Operating
Circuit ensures cofrect start-up. Any standard signal
diode can be used. An external reference can either
be connected directly at the VREF terminal or at the
REFADJ pin.
The MAX192’s internally trimmed 2.46V reference is
buffered with a gain of 1.678 to scale an external 2.5V
reference at REFADJ to 4.096V at VREF.

Internal Referonce

The full-scale range of the MAX192 with internal reference
is 4.096V with unipolar inputs, and +2.048V with differen-
tiat bipotar inputs. The internal reference voitage is
adjustable to +1.5% with the Reference-Adjust Circult of
Figure 17.

18

An external reference can be placed at either the
input (REFADJ) or the output (VREF) of the internal
buffer amplifier. The REFADJ input impedance is
typically 20kQ. At VREF, the input impedance is a
minimum of 12kQ for DC currents. During conversion,
an externat reference at VREF must be able to deliver
up to 350uA DC load current and have an output
impedance of 100 or less. If the reference has higher
output impedance or is noisy, bypass it close to the
VREF pin with a 4.7yf capacitor.

Using the buffered REFADJ input avoids external
buffering of the reference. To use the direct VREF input,
disable the internal buffer by tying REFAD.) to Vpp.

Transfer Function and Gain Adjust

Figure 15 depicts the nominal, unipolar inputfoutput
(1/0) transfer function, and Figure 16 shows the differ-
ential bipotar inputfoutput transfer function. Code
transitions occur haliway between successive integer
LSB values. Output coding is binary with
1LSB = 4.00mV (4.096V / 1024) for unipolar operation
and 1LSB = 4.00mV [(4.096V / 2 - -4.096V / 2)[1024]
for bipolar operation.
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-5V
AMoam
MAX192
10k
1ax§~—fW\,—I- REFAD)
12
ooyf

tl

SUPPLIES
+5V GND
R =100 /—
¥ {A
Voo AGND DOGND +5V  DGND
ANDAMN DIGITAL
MAX192 CIRCUITRY

* OPTIONAL

Figure 17. Relerence-Adjust Circuit

Figure 17, the Reference-Adjust Circuit, shows how to
adjust the ADC gain in applications that use the internal
reference. The circuit provides +1.5% (+15LSBs) of
gain adjustment range.

Layout, Grounding, Bypassing
For best performance, use printed circuit boards.
Wire-wrap boards are not recommended. Board layout
should ensure that digitat and analog signal lines are
separated from each other. Do not run analog and digi-
tal (especially clock) lines parallel to one another, or
digitat lines underneath the ADC package.
Figure 18 shows the recommended system ground
connections. A single-point analog ground ("star”
ground point} should be established at AGND, sepa-
rate from the logic ground. All other analog grounds
and DGND should be connected to this ground. No
other digitat system ground should be connected to
this single-point analog ground. The ground return to
the power supptly for this ground should be low imped-
ance and as short as possible for noise-free operation.
High-frequency noise in the Vpp power supply may
affect the high-speed comparator in the ADC. Bypass
these supplies to the single-point analog ground with

Figure 18. Power Supply Grounding Connection

0.1pF and 4.7uF bypass capacitors close to the
MAX192. Minimize capacitor lead lengths for best sup-
ply-noise rejection. If the +5V power supply is very
noisy. a 10Q resistor can be connected as a lowpass
fiter, as shown in Figure 18.

High-Speed Digital Interfacing
The MAX192 can interface with QSP! at high through-
put rates using the circuit in Figure 19. This QSP} cir-
cuit can be programmed to do a conversion on each of
the eight channels. The result is stored in memory with-
out taxing the CPU since QSPI incorporates its own
micro-sequencer.

Figure 20 details the code that sets up QSPI for
autonomous operation. n external clock mode, the
MAX192 performs a singte-ended, unipotar conversion
on each of the eight analog input channels. Figure 21
shows the timing associated with the assembly code of
Figure 20. The first byte clocked irto the MAX192 is the
control byte, which triggers the first conversion on CHO.
The last two bytes clocked into the MAX192 are all
zero, and clack out the results of the CH7 conversion.

C6LXYIN
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o 7 0.1uF  4.7pF Voot Voos: Yopswa- Vsey
( —E CHO Voo 12 - ‘
o s I T
— = = SCK
ANALOG/ —T4 | cH3 paxrgz o E—l PCS0 MCB8HC16
INPUTS MOS!
—s fcms ssTRe 6]
.:—'E cHs DOUT E MISO
k —E cHe DGND E—_x__
"‘E CHT AcNDfi3—
___|_—E AGND  REFADJ E _L
b e tomr dew 2™ | v v
iZaa ), dX au
* CLOCK CONNECTIONS NOT SHOWN
Figure 18. MAX192 QSPi Connection
TMS320 to MAX192 Interface MAX192 to initiate a conversion and place the

Figure 22 shows an application circuit to interface the
MAX192 to the TMS320 in external clock mode. The
timing diagram for this interface circuit is shown in
Figure 23.

Use the following steps to initiate a conversion in the
MAX192 and to read the results:

1)

2)

3)

The TMS320 should be configured with CLKX
(ransmit clock) as an active-high output clock and
CLKR (TMS320 receive clock) as an active-high
input clock. CLKX and CLKR of the TMS320 are
tied together with the SCLK input of the MAX192.
The MAX192 CS is driven low by the XF_ IO port
of the TMS320 to enable data to be clocked into
DIN of the MAX192.

An 8-bit word (TXXXXX11) should be written to the

4)

5)

6)

device into external clock mode. Refer to Table 3
to select the proper XXXXX bit values for your spe-
cific application.

The SSTRB output of the MAX192 is monitored via
the FSR input of the TMS320. A falling edge on
the SSTRB outptt indicates that the conversion is
in progress and data is ready to be received from
the MAX192.

The TMS320 reads in one data bit on each of the
next 16 rising edges of SCLK. These data bits
represent the 10-bit conversion resuit and two
sub-LSBs, foliowed by four trailing bits, which
should be ignored.

Pult CS high to disable the MAX192 untit the next
conversion is initiated.
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Desctiption :

November 20, 1992

.
.
.
-

.

.
-
.
-

This is a shell program for using a stand-alone 68HC16 without any external memory. The intemnal 1K RAM
is put into bank SOF to maintain 6BHC11 code compalibility. This program was written with software
provided in the Motorola 68HC16 Evatuation Kit.

Roger J.A. Chen, Applications Engineer
MAXIM integrated Products

INCLUDE ~ 'EQUATES.ASM" :Equates for common reg addrs
INCLUDE ‘ORGO0000.ASM’ ;initialize reset vector
INCLUDE ‘ORGO0D08.ASM' initialize interrupt vectors

ORG 30200

INCLUDE ‘INITSYS.ASM'

INCLUDE 'INITRAM.ASM®  tum on intemal SRAM at $10000

MAIN:
JSR INITOSPt
MAINLCOP:
JSR READ192
WAIT:
LDAA SPSR
ANDA #380
BEQ WAIT
BRA MAINLOOP
ENDPROGRAM:

INITQSPL:

:This routine sets up the QSPI microsequencer to operate on its own.
:The sequencer will read afl eight channels of 8 MAX192 each time
itis triggered. The A/D converter results will be left in the
receive data RAM. Each 16 bit receive data RAM tocation will

:have a leading zero. 10 + 2 bits of conversion result and three zeros.

:'mee RAM Bits 15 14 13 1211 7008 08 07 06 05 04 03 02 01 00
AD Result 0 MSB
*++** {nitialize the QSP1 Registers  ******

PSHA
PSHB

LDAA  #%601111000

STAA QPDR

LDAA  #%01111011

STAA QPAR

LDAA #%01111110

STAA QDDR
LDD #38008
STD SPCRO

LDD  #30000
STD SPCR1

start program after interrupt vectors
:set EK=F,XK=0,YK=0,ZK=0
:set sys clock at 16.78 MHz, COP off

:set stack (SK=1, SP=03FE)

:wait for QSPI 1o finish

LSBO 0 O

idle state for PCS0-3 = high
;assign port D to be QSPI
:only MISO is an input

;master mode, 16 bitshransfer,
:CPOL=CPHA=0,1MHz Ser Clock

:sel delay between PCS0 and SCK,
:set defay between transfers.

Figure 20. MAX192 Assembly-Code Listing

MAXIM
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LDD #30800
STD  SPCR2 set ENDQP to $8 for 9 transfers
***** Initialize QSPI Command RAM *****
LDAA  #380 :CONT=1,BITSE=0,0T=0,DSCK-0,PCSO=-ACTIVE
STAA SFD40 'store first byte in COMMAND RAM
LDAA #3CO :CONT=1,BITSE=1,D7=0,DSCK<=0,PCS0=-ACTIVE
STAA 3FD41
STAA $FD42
STAA $FD43
STAA $FD44
STAA 3$FD45
STAA $FD46
STAA $FD47
LDAA  #340 :CONT=0,BITSE=1,DT=0,DSCK=0,PCSO=ACTIVE
STAA $FD48
***** Initialize QSPI Transmit RAM *****
LDD  #3008F
STD $FD20
LDD  #300CF
STD  $FD22
LDD  #3009F
STD  $FD24
LDD  #300DF
STD $FD26
LDD  #300AF
STD $FD28
LDD  #300EF
STO  $FD2A
LDD  #300BF
STD $FD2C
LDD #300FF
STD $FD2E
LDD  #30000
STD  3FD30
PULB
PULA
RTS
READ192:

;This routine triggers the QSPI microsequencer to autonomously
‘trigger conversions on all 8 channels of the MAX192. Each
:conversion result is stored in the receive data RAM.

PSHA

LDAA #3800

ORAA SPCR1

STAA SPCR1 just set SPE

PULA

RTS

***** Interrupts/Exceptions *****

BDM: BGND :exception vectors point here
:and put the user in background debug mode

Figure 20. MAX192 Assembly-Code Listing {continued)
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e Lo (Y i) i s

: DIN

Figure 21. QSPI Assembly-Code Timing

XF s
CLKX SCLK
TMS320 AAAXIAA
CLKR MAX192
DX DIN
DR DOUT
FSR SSTRB

Figure 22. MAX192 to TMS320 Senial interface
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Figure 23. TMS320 Senial Interface Timing Diagram
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: Typical Operating Circuit
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TRANSISTOR COUNT: 2278
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implied. Maxim reserves the right to change tha circuitry end specifications without notice at any time.
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DS275

DALLAS

DS275

Line-Powered RS-232 Transceiver Chip

FEATURES

e Low—power serial transmitterfreceiver for bat-
tery-backed systems

o Transmitter steals power from receive signal line to
save power

e Uitra—fow static current, even when connected to
RS-232-E port

& Variable transmitter level from +5 to +12 volts
® Compatible with RS-232-F signals

e Available in 8-pin, 150-mil wide SOIC package
(DS275S) and 14—pin TSSOP package

& Low-power CMOS

ORDERING INFORMATION

DS275 8-pin DIP
DS2755 8-pin SOIC
DS275E 14-—pin TSSOP
DESCRIPTION

The DS275 Line—Powered RS-232 Transceiver Chipis
a CMOS device that provides a low—cost, very low—
power interface to RS-232 serial poris. The receiverin-
put franslates RS—232 signal levels to commen CMOS/
TTL levels. The fransmitter employs a unique circuit
which steals current from the receive RS-232 signal
when that signal is in a negative state {marking). Since
most serial communication potts remain in a negative
state statically, using the receive signal for negative

PIN ASSIGNMENT
RXourE 1 ~ 8 ] vce
vorv [ 2 7[] roan
Tx.,E 3 sl] nc
GNDE 4 5 ] TXoust
DS275 8-PiN DIP (300 ML)

DS275S B—PIN SOIC (150 MIL)

RXour [ 1 14 [ vee
NC O 2 13 [ ne
Vorv [ 3 12 [ ne
NC [ 4 1 ] Ry
™w [ s 10 [] nC
NC[1s g LI NC
GND [ 7 Bgl""‘an

DS275E 14-PIN TSSOP

PIN DESCRIPTION

RXout — RS-232 Receiver Oulput
Vprv ~ Transmit Driver +V

TXin — RS-232 Driver lnput

GND — System Ground OV)
TXout — RS-232 Driver Output

NC — No Connection

RXn — RS-232 Receiver Input
Vee - System Logic Supply (+5V)

power greatly reduces the DS275's static power con-
sumption. This feature is especially important for bat-
tery—powered systems such as laptop computers, re-
mote sensors, ahd portable medical instruments.
During an actual communication session, the DS275's
transmitter will use systern power (512 volts) for posi-
tive transitions while-slill employing the receive signal
for negative transitions.

996 byy Dallas Corporation.
A T oy
Semiconducior data bookes.
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DS275 BLOCK DIAGRAM Figure 1
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OPERATION

Designed for the unique requirements of battery—
backed systems, the DS275 provides a low—power
half-duplex interface to an RS—232 serial port. Typical-
ly, a designer must use an RS-232 device which uses
system power during both negative and posttive transi-
tionsofthe transmilt signaltothe RS—232 port. Ifthe con-
nectorto the RS—232 partis left connected foran appre-
ciable time after the communication session has ended,
power will statically flow into that port, draining the bat-
tery capacity. The DS275 eliminates this static current
drain by stealing current from the receive line (RX) of
the RS-232 port when that line is at a negative level
(marking). Since mast asynchronous communication
overan RS-232 conhection typically remains in a mark-
ing state when data is not being sent, the DS275 will not
consume system power in this condition. System power
would only be used when positive—going transitions are
needed an the transmit RS-232 output (TXpy1) when
data is sent. However, since synchronous communica-
tion sessions typically exhbit a very low duty—cycle,
overall system power consumption remains low.

RECEIVER SECTION

The RXpy pin is the receive input for an RS—232 signal
whose levels can range from #3to +15volis. A negative
data signal is called a mark while a positive data signalis

S0

NEGATIVE
CURRENT
SWITCH

(ET=

called a space. These signals are inverted and then lev-
el-shifled to nommal +5Svolt CMOS/TTL logic levels. The
logic output associated with RXyy is RXoyr which
swings from +V to ground. Therefore, a mark on RXpy
producesa logic 1 at RXoy7; 2 space producesa logic 0.

The input threshold of RXyy is typically around 1.8 volts
with 500 milivolts of hysteresis to improve noise rejec-
tion. Therefore, an input positive—going signal must ex-
ceed 1.8 voltsto cause RXqy7to switch states. Anega-
tive—going signal must now be lower than 1.3 volts
(typically) to cause RXqy7 to switch again. An openon
RXy is interpreted as a mark, producing a logic 1 at
RXour

TRANSMITTER SECTION

TX; isthe CMOS/T TL-compatible input for digital data
from the user system. A logic 1 at TX;y produces a mark
(negative data signal) at TXgy 1 while a logic O produces
a space (positive data signal). As mentioned earlier, the
transmitter section employs a unique driver design that
uses the RXyy line for swinging to negative levels. The
RXy; line must be in a marking or idle state to take ad-
vantage of this design; if RXpy is in a spacing state,
TXout Wil only swing to ground. When TXgyy needsto
transition to a postive level, & uses the Vo power pin
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for thislevel. Vpry canbe a voltage supply between Sto
12 voits, and in many situations it can be tied directly to
the +5 vok Ve supply. it is important to note that Vpgy
must be greater than or equal to V¢ at alf §mes.

The volkage range on Vpry permits the use of a S—vok
battery in order to provide a higher voltage level when
TXoyt is in a space state. When Vg is shut off to the
DS275 and Vpry is still powered (as might happen ina
battery-bacied condition) , only a small leakage cument
{about S0-100nA) wil be drawn. If TXgy 7 is loaded dur-
ing such a condition, Vpry will draw eumrent only if RX )y
is not in a negative state. During normal operation
(Voc=5S volis), Vpry will draw less than 2 uA when
TXoyrt is marking. Of course, when TXoyy is spacing,
Vpry Will draw substantially more current — about 3mA
depending upon its voltage and the impedance that
TXaut sees.

The TXqyr output is slew—rate limited to less than 30
volisfus in accordance with RS-232 specifications. in
the event TXgyy should be inadvertently shorted to
ground, internal current—imiting circuitry preventsdam-
age, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 is not so much to meet afl the
regquirements of the RS-232 specification as to offera
low—power solition that will work with most RS-232
ports with a connector length of less than 10 feet. Asa
prime example, the DS275 will not meet the RS-232 re-
quirement that the signal levels be at least 15 volts mini-
mum when terminated by a 3KQ load and Vpry= +5
volts. Typically 4 volts will be present at TXgy7 when
spacing under this condifion. However, since most
RS-232 receivers will correctly interpret any vokage
over 2 volis as a space, there wil be no problem trans-
mitting data.

APPLICATIONS INFORMATION

The DS275 isdesigned asa low—cost, RS—232-F inter-
face expressly taiored for the unigue requirements of
battery—operated handheld products. As shown in the
electrical specifications, the DS275 draws exceptionally
low operating and static current. During normal opera-
tion when data from the handheld system is sent from
the TXouT output, the DS275 only draws significant
Vpry current when TXoy7 transitions positively (spac-
ing). Thiscurent flows primarily into the RS—232 receiv-

er's 3-7KQ load at the other end of the attaching cable.
When TXoyT is marking (a negative data signal), the
Vpry current falis dramatically since the negative volt-
age is provided by the transmit signal from the other end
ofthe cable. This represents a large reduction inoverall
operating cumrent, since typical RS-232 interface chips
use charge—pump circuits to estabiish both positive and
negative levels at the transmit driver output.

To oblain the lowest power consumption from the
DS275, observe the following guidelines. First, to mini-
mize Vpry curent when connected to an RS-232 port,
always maintain TXy ata logic 1 whendata is notbeing
transmiitted (idle state). This will force TXqyy into the
marking state, minimizing Vpgy curment. Second, Vpry
cumrert will drop to less than 100 nA when Vcc is
grounded. Therefore, if Vpgy is tied directly to the sys-
tem battery, the logic +5 voits can be turned off to
achieve the lowest possible power state.

FULL-DUPLEX OPERATION

The DS275is intended primarily for hali-duplex opera-
tion; thatis, RXyy should remain idle in the marking state
when transmitting data out TXoyrand visa versa. How-
ever, the part can be operated full-duplex with most
RS—2Z32-E serial ports since signals swinging between
O and +5V will usually be cormrectly interpreted by an
RS—232-E receiver device. The 5-volt swing occurs
when TXqy 7 attempts to swing negative while RXyis at
a positive voitage, which tums on an internal weak pull-
down to ground for the TXoy driver's negative refer-
ence. So, transmit mark signals at TXoyt may have
voltage jumps from some negative value (comespond-
ingto RX;y marking) to approximately ground. One pos-
sible problem that may accur in this case is if the receiv-
er at the other end requires a negative voltage for
recognizing a mark. In this situation, the full- duplex cir-
cuit shown in Figure 3 can be used as an alternative.
The 22 pyF capacitor forms a negative—charge reservoir;
consequently, when the TXD line is spacing (positive),
TXouT stil has a negative souwrce available for a time
period determined by the capacitor and the load resis-
tance at the other end (3-7KQ). This circuit was tested
from 150--19,200 bps with error—free operation using a
SN75154 Quad Line Receiver as the receiver for the
TXour signal. Note that the SN75154 can have a mark-
ing input threshoid below ground; hence there is the
need for TXgyT to swing both posttive and negative in
full-duplex operation with this device.
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HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2
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| pataoLT (F————JR¥our  Ved I— — i

TTUCMOS T Vor Rxg b v
l oaan O™ gl
: L OND TXout RS-232 OUT
|
|

|
]\STEREOJACK(TOSAVES’AGZ)
|

T Y . _\\\ y, CUSTOM CABLE
HAND-HELD INSTRUMENT

25-PIN TO RJ11 ADAPTCR 11

(=—T11"

{ PC COM
" | PORT

RJ-11

FULL-DUPLEX CIRCUIT USING NEGATIVE-CHARGE STORAGE Figure 3

IN4148 PC SERIAL

Ale L
2 PORT
S p y ‘7 08-25)

8

@
2
o

&

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial port is in a marking data state (a
negative voltage that is typically —10 volts). The top DS275's TXgy 1 uses this negative charge reservoir whenitisina
marking state. The capacitor will discharge to O volts when the TXD line is spacing (and TXoy 7 is still marking) at a
time constant determined by its value and the value of the load resistance reflected back to TXpyT. However, when
TXD is marking, the capacitor will quickly charge back to —10 volts. Note that TXD remains in a2 marking state when
idle, which improves the performance of this circuit.
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ABSOLUTE MAXIMUM RATINGS*

Ve ~-03 1o +7.0 voits
Vorv -031to +13.0 volts
RXjn 1S volts

TXin 0310 Ve + 0.3 volts
TXour +1Svolls

RXour -03to Vo + 03 volts
Storage Temperature -55°C to +125°C
Operating Temperature OCto 70°C

“ Thisis a stress rating only and functional operation ofthe device atthese or any other conditions above those
indicated inthe operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliabitity.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Logic Supply Veo 45 50 55 \ 1
Transmit Driver Supply Vprv 45 5-12 130 v 1
Logic 1 input Viy 20 Vect03 \' 2
Lagic O input Vi -03 +08 \Y
RS-232 Input Range (RXyy) Vgrs -15 +15 v
Dynamic Supply Current
T™Xn= Ve Iprv1 400 800 pA 3
loct 40 100 A
TXin= GND o4 38 50 mA
lcct 40 100 (173
Static Supply Current
Xy = Voo IpRv2 15 100 A 4
loc 100 150 pA
TX=GND Iprv2 38 S0 mA
locz 100 200 pA
Driver Leakage IpRva 0as 10 pA S
Cument (Voc= 0V)

011996 ¥8



DS27S

DC ELECTRICAL CHARACTERISTICS {0°C to 70°C; Ve = Vpry = 5V  10%)
PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
TXoyr Levet High Vorxy 3s 40 50 v 6
TXoyt Levet Low Vorxw -85 00 v 7
TXoyt Short Circuit Current Isc +20 +85 mA
TXoyT Output Slew Rate tsr 0 Viys
Propagation Delay tep 5 us 8
RXy Input Threshold Low Vi 08 12 16 v
Ry Input Threshold High Vin 16 20 24 v
RXy Threshald Hysteresis Vurs 05 08 v g
RXoyt Output Curent @ 2.4 V loH -0 mA
RXoyr Output Current @ 0.4V oL 32 mA

NOTES:

1. Vpgry must be greater than or equal fo V.

2. Vo= Vpry =5V £ 10%.

3. See test circuit in Figure 4.

4. Seetest circuit in Figure 5.

5. See test circuit in Figure 6.

6. TXm = Vi and TXoyr loaded by 3KO to ground.

7. X = Vip, RXyn = 10 volts and TXqy 7 loaded by 3KQ to ground.
8. TXi to TXoyr —see Figure 7.

9

. Viiys = Vtu—-Vm.
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DYNAMIC OPERATING CURRENT
TEST CIRCUIT Figure 4

+5V

&

O TX|N TXOUT

v

O RXour RXin

Vpuise

STATIC OPERATING CURRENT

"4

+5V 2V

Vec  Vory

GND

v

l"t"| t = 100

H'DRW

+HSY
-15v

usec

VpuLse

slew rate < I0V/usec

TEST CIRCUIT Figure 5

+5v

b

""'—o—TxlNTxGJT

P04y

IprRv2

Vce Vorv

1SV

0s275

DRIVER LEAKAGE TEST CIRCUIT Figure 6

— ™

Vcc  Vorv

™in TXOUT o

6— RXout Rinj—O —3to -15v
GND
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PROPAGATION DELAY TEST CIRCUIT Figure 7

T

Vee  Vorv

TXNC—] TN TXouT

o RXout RXin

GND

v

DS275E 14-PIN TSSOP

SEE DETAL A

| \
IS

w3 Lj,,r L.
L

DETAL A

pmt | MmN | max
AN - 1.10
At | o005 -
Az | o7 | 105
amm | o018 | o030
cwa | ooo | o018
pwm | 490 | 510
EMM 4.40NOM
el MM 0.658SC
G MM 0.25REF
Ho | 625 | 655
tmm | os0 | o
phi o 8°
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&National Semiconductor

DS2003/DS9667/DS2004

December 1895

High Current/Voltage Darlington Drivers

General Description

The DS2003/DS9667/DS2004 are comprised of seven high
voltage, high carent NPN Darlington transistor pairs. All
units featuwre common ermitter, open collector outputs. To
maximize their eftectiveness, these units contain suppres-
sion diodes for nduciive loads and appropriate emitter base
resistors for lealage.

The DS2003/DS9667 has a series base resistor to each
Dadington pair, thus allowing operation directly with TTL or
CMOS operating at supply voltages of 5.0V.

The DS2004 has an appropriate input resistor to allow direct
operation from CMOS or PMOS outputs operaling from sup-
ply woitages of 6.0V to 15V.

The DS2003/DS9667/DS2004 offer solutions to a great
many interface needs, inchxding solencids, relays, lamps,
small motors, and LEDs. Applications requiring sink currents
beyond the capabibly of a single outpul may be accomme-
dated by paralleling the cutputs.

Features

= Seven high gain Dasfington pairs

= High output voltage (Vg = 50V}

| High output cusrent (I = 350 mA)

& TTL, PMOS, CMOS compatible

& Suppression diodes for inductive loads
o Extended temperatire range

Connection Diagram
16-Lead DIP
el 16_ oot a
¥ fis
N g—t—D~ ouT B
3 =11
'c_:—D‘_IT_. - ouT C
w p——1—D—7p ‘ ouT D
l:—%—t:—i . 2 our €
lf—_’-—-D: 1 i o OUT F
IG—;—&C I 10 OUT 6
on—f—1 = 2 comuon
TL/F/9647-1
Top View

Order Numbers
J Package N Package M Package
Number Number Number
JI1GA N16E MI16A
DS2003 | DS2003MJ DS2003TN DS2003TM
DSR667 DS2003TJ DS2003CN | DS2003CM
DS2003CJ DS8667TN
DS9667MJ | DSB667CN
DS9667TJ
DS9667CJ
DS2004 | DS2004MU DS2004TN DS2004TM
DS2004TJ DS2004CN | DS2004CM
DS2004G)

TLF o547

FAD-BI0MES/Printed InU. S, A,

s10A14Q uoyBujireq eBe)joA/3uesind YBIH $002SQ/299650/€002SA



Absolute Maximum Ratings aote 1)

i Mikitary/Aerospace specified devices are required, Lead Temperature
please comtact the National Semiconductor Sales Ceramic DIP (Soldering, 60 seconds) 300°C
Office/Distributors for availability and apecificationa. Molded DIP (Soldering, 10 seconds) 265°C
Storage Temperature Range Maximum Power Dissipation® at 25°C
Ceramic DIP —65°Clo +175°C Cavity Package 2016 mW
Molded DIP —65°Cto +150°C Molded Package 1838 mW
Operating Temperature Range S.0. Package 926 mW
DS2003M/DS9667M —55°C 10 +125°C “Derate cavity peckage 16.13 mW/-C above 26°C. derate molden DiP pack-
DS2004M ~55Cto +125°C 6ge 14.7 mW/C above 25°C Derate 5.0, packaga 7.4 mW/"C
DS20037/DSS667Y —40°Cto +105°C Input Voltage 30V
DS2004T —40°Cto + 105°C Output Voitage S5V
DS2003C/DS8667C 0°Cto ¥+85°C Emitter-Base Vollage 6.0V
DS2004C 0°Cto 1 85°C Continuous Collector Current 500 mA
Continuous Base Current 25 mA
Electrical Characteristics 1, - 25°C, unless otherwise specified (Note 2)
Symbol | Parameter Conditions Min | Typ | Max | Units
loex Output Leakage Ta = 25°C,Vcg = S0V (Figure 1a) 20
Current Ta ~ 85°C, Vg = 50V (Figure 1a) for Commercial Grade 100 | pA
Ta = 25°C, Vge = S0V, V) == 1.0V (Fagure 15) | DS2004
Voesay | CollectorEmitter | Ig = 350 mA, Ip = 500 p:A (Figure 2) (Note 3) 125 ] 16
Saturation Voliage [t = 200 ma, Ig = 350 pA (Figure 2) 1113 | v
Ic = 100 mA, I = 250 pA (Figure 2) 08 | 11
hony | input Curent Vi = .85V (Figure 3} DS2003/DS9667 oss[1as|
V) = 5.0V (Figure 3) DS2004 035 | 05
V, = 12V (Figure 3} 10 | 148
il Sl = wlw| | m
V|(m Iinput Voitage VcE = 20V, [c = 200 mA (Figure 5) DS2003/DS9667 24
(Note 5) Vge = 2.0V, Ic = 250 mA (Figure 5) 27
Vee = 20V, Ic = 900 mA (Figure 5) ol
Ve = 2.0V, Ic = 125 mA (Figure 57 DS2004 50
Voe = 2.0V, Ig = 200 mA Figure 5] 60
Vee = 2.0V, Ic = 275 mA (Figure 5} 7.0
Vge = 2.0V, Ig = 350 mA (Figure 5} 8.0
G Input Capacitance 15 | 30 | pF
P H Tumn-On Delay 0.5V|t00.5Vp 1.0 us
PHL TurnOff Delay 0.5V;100.5Vg 10 | us
IR Glarnp Diode Vg = 50V (Figure 6) Ta = 25°C 50 | pA
Leakage Current Ta = 85°C 100 | A
Ve Clamp Diode Ir = 350 mA (Figure 7) 17 |20 v
Forward Voltage

Mote 1: “Absohte Baxdmum Ratings” are those vakses beyond which the salety of the davica cennot be guarantaed. Thoy sre not meant to imply that the devices
should be operatad &t these imits. The tables of “Elecical Charsctenistics”™ provide conditions for actual device oporation.

Hote 2= Al Smits apply to tha compiote Oarington saries expept as spacified for @ single devica type.
Note 3: Under normal aperating conditons these units wit sustain 350 mA per outpast with Ve sy = 1.6V 2t 70°C with a puise width of 20 ms and a duty cycle of

30%.

Note 4 The §iorr) current Gmit guaranteed agsinst partis! tum-on of the cutput.

Note & The Vigwy voltage §mit gusrantess a minimum output sink current per the epecificd test conditions.

hitp-ffwew. national. com




Typical Performance Characteristics

DS2003/DS9667
Collector Curvent va Collectior Current vs nput Current va
Saluration Voltage Input Cumrent Input Voltage
ey — 488 25 v
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OPEN #50V

TL/F/9647-10

hitp:/fvewew.national. com

OPEN +50V

F/5647-11

Equivalent Circuit
DS r""— COMMON DS2084 -
052003/bS9667 ) out ?|_ .
- 10.5k0
B ——AAA— '—K N ——AAA— »—K'
[
720 | 300 72t0 | 30w
= -
Test Circuits

|||..

TLAT 196470




Typical Applications

TUT {9847 -16

TIL o Load
v, v,

032004 12

A 2N4901

TLIF/O647-17
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Physical Dimensions inches (milimeters) uniess otherwise noted
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Order Number DS2003CJ, DS9867CJ, DS2003MJ, DISE7MI,
DS2003TJ, DSSE67TJ, DS2004CJ, DS2004MJ or DS2004TJ
NS Packege Number J16A
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DS2003/DS9667/DS2004 High Current/Voltage Darlington Drivers

0.740-0.780

Physical Dimensions inches (milimelsrs) unless otherwise noted (Continued)

(1380~ 19.81)
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Moided Dual-in-Line Package (N)

Order Mmbernszmmal, DS2003TN, DS9667TN, DS2004CN or DS2004TN
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N 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
systems which, (a) are intended for surgical implant
into the body, or (b} support or sustain life, and whose
failure 10 perform, when properly used in accordance

2. A crtical component is any component of a kfe
support device of system whose fallure to perform can
be reasonably expected to cause the fadlure of the life
support device or system, or to affect s safety or

with instructions for use provided in the kabeling, can effectiveness.
be reasonably expected to result in a significant injury
fo the user.
Corporation Homg Kong Lid. Japan Lid.
1111 West Bardin Road Fax +49 {©0) 180530 85 86 13 Foor, Swraight Black, Td: B1-043-299.2308
Astngton, TX 76617 Emali: europe.support® nsc.com Ocean Cartra, S Canton Rd. Fac §1-643-299-2406
Tek: 1{800) 272-9959 Oeutsch Tef +48 {0) 180-530 85 85 Tsimshatsu, Kowtoon
Fex 1{800) 737-7018 English Tot: +48 {0) 180532 78 32 Hong Kong
Frangais Tef: +49 {0) 180532 83 S6 Tek: (852) 2737-1600
htip.//wew national com habeno Tek +43 {0) 180-534 16 BG: Fex {852) 27359960
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