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Abstract

4 Remote Data Acquicition Module,RDAM, is designed and built
for recording an analog signal remotely. The RDAN consists of a micro
power data logger,a radio MODEM and a 2-meter transceiver. The analog
signal converter, ICL7109, provides a 12-bit resolution and eight
channels input signal. The micropower data logger is the intel 8751
based with a 32 KB NVSRAM for data retentions. Recorded data is sent
to the central computer by using a single chip 300 baud MODEM,
MC 145442 CCITT v2.1, connected to the 2-meter F¥ ftransceiver. The
designed protocal uses a simple single character command and provides
the RDAM station upto 2586 stations. Application of the RDAM will be
used in the Centralized Remote Monitoring System, CRMS,for monitoring

of water quality.
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%3.24 uﬁﬂigﬁui1iﬁﬁn¥nuan1ﬁniwu30§QQﬂmia§auasﬁqqﬁmtuaﬂsuniﬁe
Interface DTE iy DCE
X3.15  AWMUAINTIINNDY  Bit 14 AsCIl Code (American National
Standard Code for Information interchange) Wil Serial bit
iwu%un1s§aawsiaga (FIPS 16)
X3.16 ﬁwuaTﬁﬂa%'wwm Ci_tavactet‘ LALN1INSIATY Character parity
Ly Seeial nit 314 ascii 1unﬁ7§aaqsia§a (FIPS 1) fauyy
Synchronous and Asynchronous
X3.25 i MUA1AT98919189 Character WaEA1TNTIATY Character parity
Wyl Parallel hit lu ASCII Code RAnMTRsanTuyuieeinsnys
(FIPS 18)
x3.28  gunoulunnsld Contral Character 1unwsﬁﬂdaﬁauquﬁwsﬁaﬂnsiaga
X3.36 ﬁquuﬂqmﬁnumunaanﬂséaawsiagaﬁaﬁutgaqesunn Synchronaus Wae
néﬂaﬁaﬁnswnwséaawsﬁaﬁutéagasuwiwe BTE fiy OCE FedvarTun
iaeﬁqqﬁmﬁaﬁntgaga
X3.44  AMUANINTIIU LAY Performance ﬂaaqﬂnséﬁnwsgaaﬂsiaga1itﬂu
ANANe
nws%utnaétﬂﬁnﬁuuwnsgwuﬂae RS-232C 1931113 A AdnuaargaLlalal
i 50 wavau 3 lunsdsliiin 20 Alaliniound wast Sasandadndnues
RS-232C iﬁﬂ1ﬁuﬁnsgﬁu RS-422, RS-423 Was RS-449 Qnﬁauw%uuwiﬂﬂ¥un17éeﬁ
ﬁawutgagaﬁu aanelsfnuduined ala rs-2azc Eatﬂuﬁ%auiiﬁuuwntuswaawuwsn

1 4
Tdeusouty rs-449 1a 318aeiBanves Rs-Serias Ju 4 a§ﬂ1aﬂawuﬂﬁﬂq1ﬁnau



RS-269A

RS-328

RS-334

RS-366

RS-422

RS-423

RS-449

16
fWuA Signaling rate 4MFUNNTAOANITEUY Synchronous Uy
Serial or Parallel HINYOVAMMMLAEY 4 KHz. RS-269 fiwum
uwnigﬂuﬂuﬁut?aiunﬂiéaawsﬁaga1ﬁﬁoi 600, 1200, 1800, 2000,
2400 Was 3000 baud uwnsgwuiieﬂsaunquﬁu signal element
duration UasN139A tolerances yavdgyn RS-2694 (Yfwige
a1n 8s-269) 1armualiaiui 2 lunrrieanslnide  soo, 1200,
2400, 4800,7200 Was 9600. BPS
fMus Interchange TeWine¥EAY999198171991A309 Fascimile
%ﬂﬁﬁﬂ1uﬁﬁu Maodem ( over switched Voice grade telephone
facilities )
fmuald Interface J¥%379 DTE fiy Synchronous DCE %ﬂ‘ﬁ
RS-232C ﬁqmﬁnumunﬁe1ﬂiﬁuﬁnsgwutﬁaaﬁu
¥WIFW  Interface suuiﬁogﬂnsé Automatic Calling Unit
(ACU) fiu DTE
ﬁwnuﬂqmﬁnumenwa1dﬂﬁﬂaa balanced Valtage digital
interface circuit
ﬁﬁnuﬂqmﬁnuuznwu1ﬂﬂwnaa Unbalanced Voltage digital
interface circuit
EIA RS-449 Lﬁunwnsgwu %aﬁﬁuuaqmﬁnsmunﬂa mechanical §9¢
Interface J¥%319 DTE fiy DCE Tﬂa1ﬁ§uwn75wunﬂuiaﬁﬂwuﬂnwa
Electrical (uldniy RS-422 and Rs-423
RS-429 WuY 37 position connectar ﬁﬁﬂgnqn 1 Int.erchange
circuit anliu secondary channel éaﬁzﬁ counector WYY 9
position WENANOWANEAWSY 9 position connector yasfoeld
\§9  secondary channel aéﬁaanawuL§a1unw7§aawsiﬁw§n
Interface iangn1ﬁéa15579naﬂut§a 2 Mbit/sec WABA2INETD

Y998181ALTA T¥%319 DTE Ny DCE angn1iawaaa 200 Wn
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2.4 TdsTemoawariantd3sawdandu

- y o
Tt TnAea (Protacol) BTN LNa, TUIUNIT UALTILIYYE AW ﬂa1ﬁgn
° c'-ﬂl u' » [l d ¢ ¢ I'4 v v
fwmuntuly un17RoanTioua Tnaqza§1u3ﬂuaeiaﬂﬂuasuasaﬁsﬂuvsﬂsunaunu Aoy
T d1u' " w a'ﬂ
129115 Tnaoaf laun Tluryyaemsdstioyatit Tuuyy DX (Half Duplex), uyy FOX
(Full Duplex) Wa¢ FFDX (Full-Full Duplex) |Jumy
- d v ' a
T TnAoafiuuiiunnslfeuias q Ay SDLC (Synchronous Data Link
[ o
Contral) FINMUAUAEAT1IIUIAGUTEN 1BM, HDLC (High level Data Lind
Contral) 189u5¥N Honeywell uananntingedilis lnroanasneiulaausimdu q Snann
bUat: Lﬁu DDCMP (Digital Data Communication Message Protocol), BDLC,DLC,
cDC waz NAPLP (ufiy
"o ) w ¢ & = v ' " o
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1. Physical Level

tﬂuuﬁnsgwu%ﬁﬂnuatﬁaaﬁunﬁsﬁutnaétdaszniﬂeqﬂnsﬁﬂaﬁgnﬁa (DTE 1 Data
Termianl Equipment) ﬁuqﬂﬂiééaaﬁi (DCE ¢ Data Communication Equipment)
TagazTaaimn i unnany, n i udaana libh uagnTs1aunislunniena, 9179
$nwnasnswTauieT Ay Sanraetosiannail flunsRenatening OTE fu 0CE e
au&uawaa§ﬂ1ﬁiw Physical level ifmangds 4WIFINANG 9 L EIA RS-232C,

RS-449,RS-422A UaL RS-423A |Judy

2. Data Link Level
o wu o - v a - ' v a '
tﬁungtnmmaﬁusunﬁsaeuwuiaga, anaaniisligednamiia  Tagsrui ounia
s w . Ao w o a {da
dwfulisTnrea1as Data Link Level udrdnmassuulnlasnouiininednAelliineea

1uuuunﬁsdoiagauunagniuuaaLﬁuunuas%qTaaﬁaﬁaﬂ
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3. Network lLevel
1iiww§uaanqusuuua3ﬁ§o uauﬁﬂnwenﬂ11naﬂaoiaga luipfotnadne q Taed
v a aa'of]v
Network Level igenoulifisnisifounenisnianw  waenneaadnhdnidudaslf iy

nﬁiéedwuiagaawneﬂde1ﬂ§agﬂ¥u

4. Transfer lLevel
Tuiinrau figrfiumnuimanisiaiatnianseeliana Ruddy wndrdgrecanag
v w ] ?
Fwiulife MamvAzAILILeL wasAI L TodaldrosTeulunsdsiayaannaamiield

U a aln‘ { o 3avda & 9 o { 1 o
ﬂﬂaﬂ?ﬂ“uﬂ ﬁﬂ?ﬂﬂivﬁﬂﬁﬂﬂﬂ1uﬁuuﬂlﬂﬂﬂvuﬂﬂﬂﬂﬂ ANBAULNTIULNBT LUATERINILATE

1ngag19dlTEAng a1

5. Session Level

.4 []
ﬂﬁﬂuﬂﬂulﬂﬂ1i1uﬂﬁiﬂﬂﬂ0 uﬂutaﬂﬂﬂﬂaﬂﬁﬁiﬁaﬂiﬂaa

6. Presentation Level

a u o v 4 y

AMTUNMUALATIATY waruyy (Syntax and Format) wasngiuavedatytu
1 §

uaeiaga

7. Application Level
° v ao o ¢ v u
ﬂﬁﬂuﬂiﬂiﬂﬂiﬂﬂﬂaeiﬂﬂﬁi uavﬂuﬁuﬂ1$n1iiuﬂﬁ7ﬂ78§ﬂﬂivuutﬂﬁﬂﬂﬁﬂﬂ?iﬂﬁﬂaﬂ

0S1  $289NINRUANAS LE5RaHAY (Pass word), Log on Ubility Wagn1Ingnu

Ao a1 udu
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2.5 Nﬁmﬁgﬁu RS—232C

NINTINATENR RS $a 4 uuu&uqnaanunuuwaﬁn EIA (ELECTRONIC INDUSTRY
ASSOCIATION) 1ngf137 RS H9%737n RECCOMEND STANDARD FouttatJulneirsnns
gﬁuﬁiﬁ?unﬁiaau¥uiﬁ1iewuiﬁﬁ d1uiLay 232,422,423 uav 449 fuswatsednes
uﬂnsgwunée 1 @IUNIONMT A uas C ﬁnﬂuwﬁqﬁﬁauaﬂ1ﬁiiﬁuwnsgwu§ TaFunssmun
NWAIRATY LT A fnuneReadeR 1 C manadeaden 3 1 ud

4MTFIM RS-232C Sldruadousniiol w.d. 2505 Feldlumeduinetia
stiweqﬂns&ﬁaéau?aﬁt%ﬂﬂiw qﬂnéﬁﬁunwa (SENDER DRIVER) uauqﬂnséﬂaqa
119 (RECEIVER TERMINATOR) Tnemnuduiialfeuaeatiningd senunefeinadiusauas
Tutéiy muardy Tneinasivea inqsqnt?aniwqﬂnsé DTE (DATA TERMINAL EQUIP
MENT) uae Tnt%uﬁﬂsqnt?aniﬁqﬂnsé DCE (DATA COMUNICATION EQUIPMENT) 1y
nﬁenquﬁiaﬁwnunnﬁnﬁﬁauanﬁaiaiﬁﬁanﬁ71ﬁaﬁunae RS-232¢ YA SnTmanaida
1unﬁséaiaga (yaaLsR)  dedn Awdrangialiaanugnn 50 Wn sufila Lo fin
19,200 Y9 udiunﬁaﬂﬁﬁﬁaﬁaLﬂtﬁaaﬁuﬁsnﬁas1ﬁaﬁdniwi1ﬁ udﬂuﬁaodaia§a1u5nsw
AL RIS (ANNETRYanELALES Lﬁuﬂﬁnqﬁéaunﬁuﬁnswaawun?aiu
nﬁséeiaga) KTIAUNMTIINNOS  RS-232C aldTviuasdn 1 AlgAuTeRL -12

¢ a v I3
Tran wavaodn o Arausean +12 1aan

2.5.1 Qmauﬁinwa1ﬂiﬂrae RS-232C
a '™ ] Y vas
Tﬂauﬁasauﬁazﬂuuuﬂaaﬁautuatnasntﬁuuﬁnsgﬁunaa Rs-232C uu ¥ lndinng
I'l L "2 ] L 1] v o (ﬂ'“" [7) -]
7sg1inaunnu wismevasdiniay lfrouL uALnaTNNANMMLEAANENT D 37U 26 10
ﬂ v v 10 d & v v » v o a8 o~
vundndouansliiiunouywiod  (0B-25p")  wasuuwiaide (0B-258""  Fauan
“ o o8 v a . ‘
intaui TannunnlanINAuLYALABTULY D-PIN 25 ¥
LA
P g8y§1370 PLUG <ﬁa§)

5 ga¥191n SOCKET (a2i¥im)
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Output Transmit Level
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Frequency Charactersistics

Ball 103 (MCI45443)
Dot Originate Mode Answar Mode
Transmit Receive Transmit Receive
Space 1070 Hz 2025 Hz 2025 Hz 1070 Hz
Mark 1270 Hz 2225 Hz 225 Hr 1270 Hz
SCITT V.21 (MC1es442 )
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Mark 830 Hz 1650 Mz 1650 Hz $80 Hz
NOTE: Actual frequencies may be = § Hz assuming 8 3.579545 MHz
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;PROGRAM SUBMICROCONTROLLER
ORG OOOCH
LJMP MAIN ;GO TO MAIN

; SUBROUTINE EXTERNAL O INTERUPT
ORG 0003H
LJMP R_7108 ;GO TO ROUTINE READ DATA FROM 7109

;SUBROUTINE TIMER O INTERUPT
ORG OOOBH
LJMP TIMO_O ;GO TO ROUTINE TIMER O

; SUBROUTINE SERTAL INTERUPT
;IN SBUF, (00,01,02,03,04,05,06,0BH,TI,RI (BIT))
;OUT O1H (BIT)

ORG 0023H
SERIAL: JB TI,TRANS ;CHECK TI
JNB O1H, NORMAL ;CHECK BIT O1H FOR CONDITION OK
PUSH OECH
MOV A, SBUF

CJNE A, #O0DH,NOT_STOP ;CHECK KEY ENTER
CLR O1H ;STOP TO RECEIVE
NOT_STOP: POP OEOH
CLR SCON.O
RETI
NORMAL: JB 1FH,DAT_F
JB OCH,NORMAL1
AJHP PASSWORD
NORMAL1: JB O2H,INST_1 ; INSTRUCTION 1
JB 03H, INST_2 ; INSTRUCTION 2



JB O4H,INST 3 ; INSTRUCTION 3

JB O5H,INST 4 ; INSTRUCTION 4
JB 08BH,INST_5 ; INSTRUCTION 5
JB OBH,INST_8 ; INSTRUCTION 6
JB 22H,INST_7 ; INSTRUCTION 7
LJMP DATA

; SUBROUTINE INSTRUCTION 1 (SEND ALL DATA IN RAM BACK)
;IN O2H (BIT)
;OUT P3.5,02H,TRO (BIT),TO
INST_1: LCALL CL_DATA
PUSH OECH
MOV A,SBUF
CJNE A,#ODH,INST_1_1
CLR SCON.4 ;DISABLE REN
INST_1_2: MOV THO,#3CH
MOV TLO, #0AFH
SEIB P3.5 ;CONTROL RELAY
SETB TRO ;RUN TIMER O
CLR OCH
POP OECH
CLR SCON.O
CLR OzH
RETI
INST_1_1: SETB 13H
SJMP INST_1 2

INST_2: AJMP INST 21
INST_3: AJMP INST_3_1
INST_4: AJMP INST 4.1



INST_S:
INST_B:
INST_7:
DAT_F:

AJMP INST_5_1
AJMP INST_8_1
AJMP INST_7_1
AJMP DATA_FULL

.
?

TRANS:

TRANS_1:

TRAN_1_1:

TRAN_1_2:

; SUBROUTINE TRANSMIT DATA BACK

;IN (05,08,0B,0E,10,17,18)

;OUT (05,08,0B,0E,10,17,18)

JB OEH,TRANS_1

jb 25h,trans_1

JB 1FH,TRANS_1
JB 17H,TRANS_2
JB 05H,TRANS_3
JB OBH,TRANS_4
JB OBH,TRANS_S5
AJMP TRAN_ALL
JB 1BH,TRAN_1_1
SETB 1BH

CLR SCON.1

MOV SBUF, 32H
RETI

JB 1CH,TRAN_1_2
SETB 1CH

CLR SCON.1

MOV SBUF,31H
RETI

CLR SCON.1

jb 25h,tran_1_5

JB 1FH,TRAN_1_3
MOV SBUF,#06H

;SEND ACK

;FOR TELL DATA FULL
;FOR SERVICE INTERUUPT LAST DATA

;SEND MID ORDER OF CPU

;SEND LOW ORDER OF CPU



TRAN_1 4:

TRANS_2:

TRAN_1_3:

TRAN_1_5:

TRANS_3:
TRANS_4:
TRANS_5:

CLR 1BH

CLR 1CH

CLR OEH

SETB 17H

RETI

CLR SCON.1
SETB SCON.4

CLR P3.5

CLR 17H

RETI

MOV SBUF,#°F’

CLR 1FH

SJMP TRAN_1 4

mov sbuf,#'E”

CLR 25H

sjmp tran_1_ 4

AJHMP TRAN_ONE
AJMP TRAN_AMT
AJHP TRAN_OMT

;ENABLE RECEPTOR

;SEND ONE CHANNAL
;SEND AMOUNT
;SEND ONE AND AMOUNT

DATA_FULL:

;SUBROUTINE SEND DATA FULL

;IN (1F),SBUF
;00T (1F)
PUSH OEOH
MOV A, SBUF

CJINE A,#06H,DAT_F_1

MOV THO, #3CH
MOV TLO, #0AFH
SEIB P3.5

MOV R2,#235D



SETB TRO

DAT_F_1: CLR SCON.O
POP OECH
RETI

; SUBROUTINE SEND FORM REAL TIME
;IN (22)
;OUT
INST_7_1: LCALL CL_DATA
PUSH OEOH
MOV A,SBUF
CJNE A,#ODH,INST_7_2
CLR SCON.4
CLR 22H
SETB 3CH
CLR OOH
MOV C,IE.O
MOV 2BH,C ;SAVE IE.C
MOV 4AH,P1
MOV P1,#0FOH
SETB IE.O
INST_7_3: POP OECH
CLR SCON.O
RETI
INST_7_2: LCALL CR_DATA
CLR OCH
CLR 22H
SJMP INST_7_3

;SUBROUTINE SEND DATA ALL IN THE MEMORY



;IN (20,TI,0D),34,35,3B,3C
;OUT SBUF, (20,18),3B,3C
TRAN_ALL: JB 18H,TRAN_ALL2 ;SEND DATA FOR READY 8 TIMES
TRAN_ALL3:JB 28H,TRAN_ALLS
PUSH OECH
MOV DPH, 3BH ;CHECK LAST ADDRESS OF DATA
MOV DPL, 3CH
MOV A,DPH
CINE A,34H,TRAN_ALL1
MOV A,DPL
CJINE A,35H,TRAN_ALL1
TRAN_ALL8: ; CLR P3.5 ; RELAY OFF
CLR SCON.1
mov 1fH,#20h
mov sbuf ,#0Ah

setb Oeh
setb 1bh
setb 1ch
CLR 20H
; SETB SCON.4
CLR ODH . ;SEND DATA READY AND RUN SYSTEM
CLR 1FH
MOV 3EH,#31H
CLR 19h
POP OECH

RETI
TRAN_ALL1:JC TRAN_ALL7

SJMP TRAN_ALL8
TRAN_ALL7:LCALL CHANNAL

CLR 289H



TRAN_ALLS:MOVX A,@DPTR

MOV 18H,A ;SAVE LOW ORDER

INC DPTR

MOVX A,@DPTR ;READ HIGH BYTE

LCALL A TO D

SETB 18H ;FOR SEND DATA READY 8 TIMES
INC DPTR

MOV 3BH,DPH
MOV 3CH,DPL
POP OECH
JB 20H,TRAN_ALL4
TRAN_ALL2:ACALL NEXT_DATA
JB 20H,TRAN_ALL3
RETI
TRAN_ALI4:CLR 20H
RETI
TRAN_ALLS: DJNZ 4CH,ALL_5_1
MOV 4CH,#8D
MOV 4BH, #5CH
mov 1fh,#20h
; CLR P3.5
CLR SCON.1
; SETB SCON.4
mov sbuf,#0Ah
setb Oeh
setb 1bh
setb 1lch
CLR 20H
CLR 28H
CLR 1SH



MOV 3EH,#31H
MOV 3FH,#1AH
RETI

ALL 5 1: PUSH OECH
PUSH OCH
CLR SCON.1
ACALL CHANNAL
MOV RO,4BH
MOV 18H,@RO
INC RO
MOV A,@RO
LCALL A_TO_D
CLR 20H
CLR 28H
SETB 18H
INC RO
MOV 4BH,RO
POP OCH
POP OEOH
RETI

; SUBROUTINE SEND DATA ALL
;IN (19),1A,18B,1C, 1D, 1E, 1F,3E
;OUT SBUF, (19)
NEXT_DATA:JB 19H,NEXT_1
JB O5H,NEXT_5
JB OBH,NEXT_S
NEXT_Z2: CLR SCON.1

MOV SBUF, 3EH ; SEND NUMBER OF CHANNAL
INC 3EH



SETB 1SH
NEXT_3: MOV 3FH,#1AH
RET
NEXT_1: PUSH OECH
PUSH OCH
MOV RO, 3FH
MOV A,RO
CJINE A,#20H,TRANS_6_2
MOV 3FH,#1AH
CLR 18H
SETB 20H
SJMP TRANS_B6_3
NEXT_5: CLR SCON.1
MOV SBUF,OFH
MOV 3FH,#1AH
SETB 1SH
RET
TRANS_6_2:CLR SCON.1
MOV SBUF,@RO
INC 3FH
TRANS_6_3:POP OOH
POP OECH
RET

;SUBROUTINE SEND DATA NEXT OF ONE CHANNAL
;IN (05,18),34,35,3B,3C
;OUT 3B,3C(05,18)
TRAN_ONE: JB 18H,TR_ONE 4
TR_ONE_5: MOV DPH,3BH
MOV DPL, 3CH



LCALL, RAM1 ; INCREMENT RAM =14 TIMES
PUSH OEOH
MOV A,DPH
CJNE A,34H,TR_ONE_1
MOV A,DPL
CJNE A,35H,TR_ONE_1
TR ONE_7: ; CLR P3.5 ; RELAY OFF
CLR SCON.1

mov sbuf,#06h

setb 17h
; SETB SCON.4
; CLR ODH ;SEND DATA READY AND RUN SYSTEM

CLR 1FH

POP OECH
CLR 1SH
CLR 20H

CLR O5H

RETI
TR_ONE_4: ACALL NEXT_DATA
JB 20H,TR_ONE_5
RETI
TR_ONE_1: JC TR_ONE_8B
SJMP TR _ONE_7
TR_ONE_6: LCALL CHANNAL
TR_ONE_3: MOVX A,GDPTR

MOV 18H,A ;SAVE LOW ORDER
INC DPTR

MOVX A,@PTR ;READ HIGH BYTE
LCALL A TO.D

SETB 18H ;FOR SEND DATA READY 8 TIMES



INC DPTR
MOV 3BH,DPH
MOV 3CH,DPL
CLR 20H
POP OECH
RETI

; SUBROUTINE SEND NEXT DATA OF AMOUNT FUNCTION
;IN (08,18),30,34,35,3B,3C,40,41
;0UT 30, 3B, 3C,40,41(06,18,0D)
TRAN_AMT: JB 18H,TRAN_AMT2
TR_AMT_5: MOV DPH, 3BH
MOV DPL, 3CH
PUSH OECH
MOV A,DPH
CJINE A,34H,TR_AMT_1
MOV A,DPL
CJINE A,35H,TR_AMT_1
TR_AMT_8: ; CLR P3.5 ; RELAY OFF
CLR SCON.1
mov 1fh,#20h
mov sbuf , #0AH
setb Oeh
setb 1bh
setb 1ch
clr 18h
clr 29h
mov 3ah,#00h
mov 3bh,#00h

; SETB SCON.4



TR_AMT_1:

TR_AMT 9:

TR_AMT_A:

TR_AMT 4:

TR_AMT_3:

MOV 3EH,#31H

CLR 20H

CLR ODH

CLR 1FH

POP OECH
CLR 18H

CLR O8H

RETI

JC TR_AMT_S

SJMP TR_AMT_8
LCALL CHANNAL
JNB 2SH,TR_AMT_3
CLR 29H

CLR C

MOV A,40H

SUBB A,#1H

MOV 40H,A

MOV A,41H

SUBB A,#OH

JC TR_AMT_8

MOV 41H,A
CLR SCON.1
MOV SBUF, #0AH

MOVX A,GDPTR

MOV 18H,A

INC DPTR

MOVX A,@PTR

LCALL A TO D

SETB 18H

INC DPTR

;SEND DATA READY AND RUN SYSTEM

;SAVE LOW ORDER

;READ HIGH BYTE

;FOR SEND DATA READY 8 TIMES



MOV 3BH,DPH
MOV 3CH,DPL
POP OECH
sjmp tr_amt_6
TRAN_AMTZ:ACALL, NEXT_DATA
JB 20H,TR_AMT_S
RETI
TR_AMT_6: CLR 20H
RETI

; SUBROUTINE SEND NEXT DATA OF ONE AND AMOUNT
;IN (0B, 18,0D)3B,3C,34,35,40,41
;OUT (0B, 18,0D)3B,3C, 34,35,40,41
TRAN_OMT: JB 18H,TR_OMT_2
TR_OMT_5: MOV DPH,3BH
MOV DPL,3CH
‘LCALL RAM1 ; INCREMENT RAM =14 TIMES
PUSH OECH
MOV A,DPH
CJNE A,34H,TR_OMT_1
MOV A,DPL
CJINE A,35H,TR_OMT_1
TR OMT 8: ; CLR P3.5 ; RELAY OFF
CLR SCON.1
mov sbuf,#06h
setb 17h
; SETB SCON.4
; CLR ODH ;SEND DATA READY AND RUN SYSTEM
CLR 1FH
CLR 20H



POP OECH
CLR 1SH
CLR OBH
RETI
TR_OMT_1: JC TR_OMT_3
SIMP TR_OMT_8
TR_OMT_3: MOV A,40H
CLR C
SUBB A,#1H
MOV 40H,A
MOV A,41H
SUBB A,#CH
JC TR OMT_8
MOV 41H,A
TR_OMT_4: LCALL CHANNAL
MOVX A,@PTR
MOV 18H,A ;SAVE LOW ORDER
INC DPTR
MOVX A,@DPTR ;READ HIGH BYTE
LCALL A_TOD
SETB 18H ;FOR SEND DATA READY 8 TIMES
INC DPTR
MOV 3BH,DPH
MOV 3CH,DPL
POP OEOH
JB 20H,TR_OMT_B
TR_OMT_2: LCALL NEXT_DATA
JB 20H,TR_OMT_5
RETI
TR_OMT_6: CLR 20H



RETI

CHANNAL :

CHANN_4:

CHANN_2:

CHANN_3:

CHANN_1:

; SUBROUTINE SEND CHANNAL
;IN (05,0B),3E,3F
;OUT SBUF, (29)
JB OS5H,CHANN_1
JB OBH,CHANN_1
PUSH OEOH
MOV A, 3EH
cjne a,#38h,chann_4
mov 1fh,#0dh
CJINE A,#39H,CHANN_2
SETB 2SH
mov 1fh,#20h
LCALL SAFETY
MOV 3EH,#31H
clr 1Sh
JB 08H,CHANN_3
clr scon.1
mov sbuf,#Oah
sjmp chann_3
CLR SCON.1
MOV SBUF, 3EH
INC 3EH
MOV 3FH,#1AH
POP OECH
RET
CLR SCON.1
MOV SBUF,OFH
RET



DATA:

NUMBER_NO:

DATA_NO:
NUMB_NO:

; SUBROUTINE RECEIVE INSTRUCTION

;IN SBUF, (OCH)

;OUT SCON.O
LCALL CL_DATA
PUSH OEOH
PUSH O1H
MOV A,SBUF
MOV R1,A
CLR C
SUBB A, #3AH
JNC NUMBER_NO
MOV A,R1
CLR C
SUBB A, #30H
JC DATA_NO

SETB 21H
MOV A,R1
LCALL CUT_ZERO
SJMP G_BACK_1

JNB 21H, NUMB_NO

MOV A,R1

CLR 21H
ACALL CH_INST
SJMP G_BACK_1
CIR C
CLR OCH

CLR SCON.4

CLR 21H
LCALL CR_DATA

;CHECK DATA MORE THAN 3AH ?

;CHECK DATA MORE THAN 30H ?

;GO TO RECEIVE NUMBER THAT INTEREST

;GO TO CHECK INSTRUCTION



G_BACK_1:

POP O1H
POP CECH
CLR SCON.O
RETI

CH_INST:

INST_NOO:

INST_NO:

INST_NO1:

INST_NO2:

INST_NO3:

INST_NO4:

INST_NOS:

; SUBROUTINE RECEIVE INSTRUCTION TO SELECT

;IN A

;OUT (00,02,03,04,05,08,08,0C)

CJNE A,#°S”,INST_NOO
SETB 02H

SJMP INST_OK

CJNE A,#°s” ,INST_NO
SETB 02H

SJMP INST_OK

CJNE A,#°R",INST_NO1
SETB 0O3H

SJMP INST_OK

CJNE A,# r’ ,INST_NO2
SETB O3H

SJMP INST_OK

CJINE A,#°D”,INST_NO3
SETB 04H

SJMP INST_OK

CJNE A,#°d",INST_NO4
SETB 04H

SJMP INST_OK

CJNE A,#°0°,INST_NOS
SETB OSH

SJMP INST OK

CJNE A,#°0o" ,INST_NOB

; INSTRUCTION SEND DATA

; INSTRUCTION RECEIVE DELAY TIME



SETB OS5H
SIMP INST_OK
INST_NOB: CJNE A,#°B°,INST_NO7
SETB O6H
SJMP INST_OK
INST_NO7: CJNE A,#’b’,INST_NOS
SETB O6H
SIMP INST_OK
INST_NOB: CJNE A,#°C”,INST_NOS
SETB 14H ;FOR RECEIVE CHANNAL
SETB OBH
SJMP INST_OK
INST_NOS: CJNE A,#"c’,INST_NOA
SETB OBH
SETB 14H ;FOR RECEIVE CHANNAL
SIMP INST_OK
INST_NOA: CJNE A,#°T*,INST_NOB
SETB 22H
SJMP INST_OK
INST_NOB: CJNE A,#°t”,NO_INST
SETB 22H
INST_OK: ACALL R_CODE ;CHECK CODE OK ?
JB OCH,CODE_OK
CLR OCH ;CODE NO_CORRECT
CLR O2H
CLR O3H
CLR O4H
CLR OSH
CLR OBH
CLR OBH



CLR 14H

CLR 22H
CLR O7H
CLR 08H
CLR OSH
CLR 0AH

SETB O1H

RET

NO_INST: CLR OCH
CODE_OK: LCALL CR_DATA
CLR OCH
RET

;SUBROUTINE RESET SYSTEM
;IN (03)
;OUT (03,0E,OF)
INST_2_1: LCALL CL_DATA
PUSH OEOCH
MOV A, SBUF
CJNE A,#ODH,INST_2_2
CLR SCON.4
SETB OFH ;FOR TELL RESET SYSTEM
CLR O3H
CLR OCH
LCALL RESET_SYS
SETB OEH ;FOR SEND ACK
INST_2_3: MOV THO, #3CH
MOV TLO,#0AFH
SETB P3.5
SETB TRO



POP OECH
CLR SCON.C
RETI
INST_2_2: SETB 13H
CLR OCH
CLR O3H
SJMP INST_2_ 3

;SUBROUTINE RECEIVE DELAY TIME FROM MAIN COM
;IN SBUF, (04)
;OUT (04)
INST_3_1: JNB ODH,INST_3 2
SETB 1FH
SIMP G_BACK 21
INST_3_2: LCALL CL_DATA
PUSH OEOH
PUSH O1H
MOV A,SBUF
MOV R1,A
CLR C
SUBB A,#3AH ;CHECK DATA MORE THAN 3AH ?
JNC NO_INST_3
MOV A,R1
CLR C
SUBB A,#30H ;CHECK DATA MORE THAN 30H ?
JC NO_3_1
SETB 23H
MOV A,R1
LCALL CUT_ZERO ;G0 TO RECEIVE NUMBER THAT INTEREST

SIMP G_BACK_2



NO_INST_3:CLR C

CLR 32H
CLR 23H
CLR SCON.4

LCALL CR_DATA

CLR OCH

CLR 04H

SJMP G_BACK_2

NO_3_1: JNB 23H,NO_INST_3

CLR 23H

MOV A,R1

CJNE A, #O0DH,NO_INST_ 3
CLR OFH ; RUN SYSTEM
LCALL R_DELAY
JB 32H,NO_INST_3
MOV THO,#3CH
MOV TLO,#0AFH
CLR SCON.4
SETB P3.5
SETB TRO
CLR C
CLR OCH
CLR 04H
SETB OEH ;FOR SEND ACK BACK
G_BACK_2: POP O1H
POP OECH
G_BACK_21:CLR SCON.O
RET1

; SUBROUTINE RECEIVE CHANNAL FOR SEND BACK



INST 4_1:

NO_4_1:

OK_4_2:
Ok 4_1:

INST_4_2:

; IN SBUF, (05,11)
;OUT OFH,(TRO,11)
LCALL CL_DATA
JB 11H,INST_4_2
PUSH OECH
PUSH O1H
MOV A, SBUF
MOV R1,A
CLRC
SUBB A,#3SH ;CHECK DATA MORE THAN 38H ?
JNC NO_4_2
MOV A,R1
CLR C
SUBB A,#31H ;CHECK DATA MORE THAN 31H ?
JC NO_4_2
SETB 11H
MOV OFH,A ; SAVE CHANNAL
POP O1H
POP OECH
LCALL CR_DATA
CLR SCON.O
RETI
PUSH OECH
MOV A, SBUF
CJNE A,#0DH,INST_4_3
CLR SCON.4
POP OECH
MOV THO, #3CH
MOV TLO, #0AFH
SETB P3.5



SETB TRO
CLR 11H
CLR OCH
SJMP OK_4_1
NO_4_2: CLR OCH
CLR SCON.4
CLR OSH
SJMP NO_4_1
INST_4_3: CLR OCH
CLR OSH
POP OECH
SJMP OK_4_2

;SUBROUTINE SEND DATA ALL CHANNAL BUT LESS THAN 1000 VALUES
;IN (08) —
;OUT (08)
INST_5_1: LCALL CL_DATA
PUSH OECH
PUSH O1H
MOV A, SBUF
JNB 23H,INST_5_2
JNB 24H,INST_5 3
CLR 24H
CJNE A, #ODH,INST_5_3
CLR SCON.4
CLR 23H
ACALL CH_NUM
JB 31H,NO_5_1
MOV THO,#3CH
MOV TLO, #0AFH



INST_5_2:

INST_5_3:

NO_5_1:

SEIB P3.5
SETB TRO
CLR OCH
SIMP OK_S5_2
JNB 24H,INST_5_3
CLR 24H
CJNE A,# -",INST_5_3
SETB 23H
ACALL CH_NUM
JB 31H,NO_S5_1
SJMP OF_o_1
MOV R1,A
CLR C
SUBB A,#3AH ;CHECK DATA MORE THAN 40H ?
JNC NO_5_1
MOV A,R1
CIRC
SUBB A, #30H ;CHECK DATA MORE THAN 30H ?
JC NO_S_1
SETB 24H
CLR C
MOV A,R1
LCALL CUT_ZERO
SIMP OK_5_1

"CLR O8H

CLR OCH
CLR C
CLR SCON.4
CLR 31H
CLR 23H



OK_5_1:
OK_5_2:

CLR 24H
LCALL CR_DATA
POP O1H
POP OECH
CLR SCON.O
RETI

INST_6_1:

INST_6_2:

; SUBROUTINE CHECK CHANNAL AND AMOUNT OF GROUP DATA

; IN SBUF, (0B)
;OUT OFH, (OBH)

LCALL CL_DATA
PUSH OEOH
PUSH O1H
MOV A, SBUF
MOV R1,A
CLR C
JB 14H,INST_B_5
SUBB A,#3AH
JNC NO_B_1
MOV A,R1
CLR C
SUBB A, #30H
JC INST_B6_2
CLR C

SETB 23H
MOV A,R1
LCALL CUT_ZERO
SJMP OK_6_1
MOV A,R1
JB 15H,INST_6_3

;FOR RECEIVE CHANNAL
;CHECK DATA MORE THAN 3AH ?

;CHECK DATA MORE THAN 30H ?



JB 16H,INST_6_4
JNB 24H,NO_8B_1
JNB 23H,NO_6_1
CLR 23H
CJNE A,#0DH,NO_6_1
CLR SCON.4
CLR 24H
ACALL CH_NUM
JB 31H,NO_B_1
MOV THO,#3CH
MOV TLO, #0AFH
SETB P3.5
SETB TRO
CLR OCH
SIMP OK_6_2
INST 6_3: CLR 15H
JB 23H,NO_6_1
CJNE A,#°,",NO_B_1
SETB 16H
SIMP OK_6_1
INST_6_4: CLR 18H
JNB 23H,NO_6_1
CLR 23H
CJNE A,#°-",NO_B_1
SETB 24H
ACALL CH_NUM
JB 31H,NO_6_1
SJMP OK_B_1
INST_6_5: SUBB A,#38H
CLR 14H



JNC NO_6.1

CLR C

MOV A,R1

SUBB A,#31H

JC NO_6_1

MOV OFH,A

SETB 1SH

SIJMP OK_6_1
NO_6_1: CLR OBH

CLR OCH

CLR SCON.4
CLR 31H

CLR C

CLR 23H

CLR 24H

CLR 16H

CLR 15H
OK_6_1: LCALL CR_DATA
OK_6_2: POP O1H

POP OEOH

CLR SCON.O

RETI

; SUBROUTINE CHECK AMOUNT OF GROUP DATA
;IN A,08,09,0A,0B,0D,(12)
;OUT 11,12,13,14,15,16,17,(12)
CH_NUM: JB 12H,CH_NUM_B
MOV A,ODH
CJNE A,#1H,CH_NUM_1

ACALI, CHEC1



CH_N_1.1:
CH_N_1 2:

CH_NUM_1:

CH_NUM_2:

CH_NUM_3:

CH_NUM_4:
CH_NUM_5:

MOV 10H,08H H
MOV 11H,#00H A
MOV 12H,#0CH ;3
MOV 13H,#00H H
SJMP CH_NUM_4
CJNE A,#2H,CH_NUM_2
ACALL CHEC1
MOV 11H,08H ;1
ACALL CHEC2
MOV 1CH, OSH ;2
SIJMP CH_N_1_1
CJNE A, #3H,CH_NUM_3
ACALL CHEC1
MOV 12H,08H
ACALL CHEC2
MOV 11H,0SH
ACALL CHEC3
MOV 10H,OAH
SJHP CH_N_1_2

CJNE A,#4H,CH_NUM_NO
ACALI CHEC1
MOV 13H,08H
ACALL CHEC2
MOV 12H,0SH
ACALL CHEC3
MOV 11H,0AH
ACALL CHEC4
MOV 10H,OBH
SETB 12H
MOV O8H,#0CH



MOV OSH, #0C0H
MOV OAH,#OCH
MOV OBH, #00H
MOV OCH, #00H
MOV ODH, #0CH
CLR OAH
CLR OSH
CLR O8H
CLR O7H
RET
CH_NUM_6: MOV A,ODH
CJNE A, #1H,CH_NUM_7
ACALL CHEC1
MOV 14H,08H
MOV 15H,#0CH
CH_N_2_1: MOV 16H,#O0CH
CH_N_2_2: MOV 17H,#00H
SJMP CH_NUM_A
CH_NUM_7: CINE A,#2H,CH_NUM_8
ACALL CHEC1
MOV 15H,08H
ACALL CHECZ
MOV 14H,0SH
SJMP CH_N_2_1
CH_NUM_NO: SETB 31H
SJMP CH_NUM_A
CH_NUM_8: CJINE A,#3H,CH_NUM_9
ACALL CHEC1
MOV 16H,08H
ACALI, CHECZ



CH_NUM_9:

CH_NUM_A:

CHEC1:

CHEC2:

CHEC3:

MOV 15H,0SH
ACALL CHEC3
MOV 14H,0AH
SIMP CH_N_2_2
CJINE A, #4H,CH_NUM_NO
ACALL CHEC1
MOV 17H,08H
ACALL CHEC2
MOV 16H,08H
ACALL CHEC3
MOV 15H,0AH
ACALI, CHEC4
MOV 14H,0BH
CLR 12H
AJMP CH_NUM_5
CLR C
MOV A,O8H
SUBB A,#3CH
MOV O8H,A
RET
CLR C
MOV A,OSH
SUBB A, #30H
MOV 0¢H,A
RET
CLR C
MOV A,OAH
SUBB A,#30H
MOV OAH,A
RET



CLR C

MOV A,OBH
SUBB A, #30H
MOV OBH,A
RET

R_CODE:

NO_CO:

NO_CO_1:

RC_1:

; SUBROUTINE CHECK CODE OF SUBMICRO
; IN ODH,O8H,09H,0AH, 31H, 32H, 33H
;OUT OCH
MOV A,ODH
CJINE A,#1H,RC_1
MOV A,33H ;ORDER 3
CJINE A,#30H,NO_CO
MOV A,32H ;ORDER 2
CJINE A, #30H,NO_CO
MOV A,31H ;ORDER 1
CJNE A,08H,NO_CO
SETB OCH
CLR OAH
SJMP NO_CO_1
JNB ODH,NO_CO_1
SETB 1FH
MOV ODH,#0CH
MOV 08H,#00H
MOV OSH, #0CH
MOV OAH,#0CH
MOV OBH,#0CH
MOV OCH,#0CH
RET
CJINE A,#2H,RC_3 ;1 ZERO



MOV A,33H
CJNE A,#30H,NO_CO
MOV A,32H
CJNE A,08H,NO_CO
MOV A,31H
CJNE A,QSH,NO_CO
SETB OCH
CLR 0O9H
SJHP NO_CO_1
RC_3: CINE A,#3H,RC_4
MOV A,33H ;NO ZERO
CJNE A,08H,NO_CO
MOV A,32H
CJNE A,Q8H,NO_CO
MOV A,31H
CJNE A,0AH,NO_CO
SETB OCH
CLR O8H
SJMP NO_CO_1
RC_4: ; LCALL CR_DATA
CLR O7H
CLR OSH
CLR OAH
CLR 08H
CLR SCON.4
SETB OCH
SJMP NO_CO_1

; SUBROUTINE RECEIVE PASSWORD
;IN SBUF



;OUT OOH(BIT)

PASSWORD: PUSH OECH
MOV A, SBUF
CJNE A,#"! " ,NO_MATCH
SETB OOH ;PASSWORD OK
LCALL CR_DATA
NO_MATCH: POP OECH
CLR SCON.O
RETI
; SUBROUTINE TIMER O INTERUPT
;IN R2,0EH,30H,(10,13,0E)
;OUT R2,0EH, 30H, (10,13,0E)
TIMO_O: JB 10H,TIMO_3 ;DELAY FOR RECEIVE DATA NEXT
DJNZ R2,TIMO_1 ;DELAY = 700 ms
CLR TRO
JB 28H,TIMO_B ;SEND FORM REAL TIME

JB 13H,TIMO_S

JB 1FH,TIMO_2 ;FOR SEND DATA FULL
JB OEH,TIMO_2 ;FOR SEND ACK
PUSH OECH

MOV A, 34H

CJNE A,#00OH,TIMO_A
MOV A,35H

CJNE A,#00H,TIMO_A
CLR O3H

CLR O6H

CLR OBH

SETB 25H

SJMP TIMO_2 1



TIMO_A: MOV DPTR,#000CH ;SAVE R1 FOR ADDRESS OF DATA FOR SEND

JB 05H,TIMO_8 ; SEND ONE CHANNAL
JB 08H,TIMO_7 ;SEND SELECT AMOUNT
JB OBH,TIMO_8 ;SEND ONE CHANNAL AND SELECT AMOUNT

TIMO_9: MOVX A,@PTR

MOV 18H,A ;SAVE LOW ORDER
INC DPTR
MOVX A,GDPTR ;READ HIGH BYTE
LCALL A TO_D
MOV SBUF, 3DH ;SEND PASSWORD " ~ ™
INC DPTR
MOV 3BH,DPH ;TO POINT DATA-
MOV 3CH,DPL ;FOR SEND
SETB 18H ;FOR SEND DATA ALL 8
TIM1: POP OECH
TIM: MOV RZ,#25D 3 OIRICKICIIIIICIOICKACKICIORK
RETI

TIMO_B: LJMP TIMO_B_1
TIMO_2_1: POP OECH
TIMO_2: MOV SBUF,33H ;SEND HIGH ORDER ADDRESS OF CPU
SIMP TIM
TIMO_1: CLR TRO
MOV TLO, #0AFH
MOV THO,#3CH
SETB TRO
RETI
TIMO_3: CLR TRO
DJNZ OEH,TIMO_4
ILCALL, RESET_1
CLR 10H



TIMO_S:

TIMO_4:

TIMO_B:

TIMO_7:

TIMO_7_1:

TIMO_8:

TIMO_B_1:

SETB P3.5
MOV RZ,#25D
SETB 13H
SJMP TIMO_1
MOV SBUF,#°?°
SETB 17H
CLR 13H

SJMP TIM
MOV THO, #0CH
MOV TLO,#0CH
SETB TRO
RETI

LCALL SE_ONE
LJMP TIMO_S
LCALL SE_AMT

JB 16H,TIMO_7_1

LCALL, CH_AMT

JB 16H,TIMO_7_1

LJMP TIMO_S
CLR 16H
CLR O6H
CLR OBH
LJMP TIM1

LCALL SE_ON_AM
JB 16H,TIMO_7_1

LCALL CH_AMT

JB 16H,TIMO_7_1

LJMP TIMO_S
PUSH OECH
MOV A,SCH

;USE FOR TRANSMITE INT.



MOV 18H,A
MOV A,51H
LCALL A_TOD
MOV SBUF, 3DH
SETB 18H
POP OECH
SIJMP TIM

; SUBROUTINE POINT DATA IN RAM FOR SEND ONE CHANNAL
; IN DPTR,OFH
;OUT DPTR, OFH
SE_ONE: MOV A,OFH
SE_ONE_1: CJNE A,#00H,SE_ONE_2
MOV A,OFH
ADD A,#31H
MOV OFH,A
RET
SE_ONE 2: INC DPTR
INC DPTR
DEC A
SJMP SE_ONE_1

; SUBROUTINE POINT DATA IN RAM FOR SEND SELECT AMOUNT
;IN 10H,11H,12H, 13H,DPTR
;OUT DPTR, 10H,11H, 12H, 13H, (16H)
SE_AMT: CLRC
PUSH 10H
PUSH 11H
PUSH 12H
PUSH 13H



SE_AMT_6:

SE_AMT_1:

MOV A,13H
CINE A,17H,SE_AMT_7
MOV A,12H
CJINE A, 16H,SE_AMT_7
MOV A,11H
CJNE A, 15H,SE_AMT_7
MOV A, 1CH
CJINE A,14H,SE_AMT 7

MOV A,10H

SUBB A, #1H

MOV 10H,A

MOV A,11H

SUBB A, #CH

MOV 11H,A

MOV A,12H

SUBB A,#0OH

MOV 12H,A

MOV A,13H

SUBB A, #CH

MOV 13H,A

JC Ma_Error

MOV A,1C0H

CJNE A,#OOH,SE_AMT_2

MOV A,11H

CJINE A,#00H,SE_AMT_3

MOV A,12H

CJINE A,#00H,SE_AMT_4

MOV A,13H

CJNE A,#00H,SE_AMT_5

POP 13H

; RECEIVE GROUP FIRST



POP 12H
POP 11H
POP 10H

SE_AMT_7: JNC Ma_Error
CLR C
SJMP SE_AMT_B
SE_AMT_2: DEC 10H
ACALL RAM
SJMP SE_AMT_1
SE_AMT_3: DEC 11H
) MOV 10H,%9D
ACALL RAM
SJMP SE_AMT_1
SE_AMT_4: DEC 12H
MOV 11H,#8D
MOV 10H,#9D
ACALL RAM
SJMP SE_AMT_1
SE_AMT_5: DEC 13H
MOV 12H,#9D
MOV 11H,#9D
MOV 10H,#9D
ACALL RAM
SJMP SE_AMT_1
Ma_Error: LCALL CR_DATA
CLR SCON.4
SETB 16H
CLR C
POP 13H



POP 12H
POP 11H
POP 1CH

; SUBROUTINE CHECK AMOUNT OF DATA
;IN 10,11,12,13,14,15,186,17

;OUT 40,41
CH_AMT: MOV 40H,#0CH ;LOW ORDER
MOV 41H,#00H ;HIGH ORDER

CH_AMTO: MOV A,10H
CINE A, 14H,CH_AMT1
CH_AMTS: MOV A,11H
CJINE A, 15H,CH_AMT2
CH_AMT7: MOV A,12H
CJINE A, 16H,CH_AMT3
CH_AMT8: MOV A,13H
CJINE A, 17H,CH_AMT4
CH_AMTQ: RET
CH_AMT1: INC 1CH
ACALL CH_AMTA
ACALL CH_AMTS
SJMP CH_AMTO
CH_AMT2: 1INC 11H
ACALL CH_AMTA_1
PUSH 10H
MOV 10H,#0AH
CH_AMTZ2_1:ACALL CH_AMTS
DJINZ 10H,CH_AMT2_1
POP 10H



SJHP CH_AMTB
CH_AMT3: INC 12H
ACALL CH_AMTA 2
PUSH 1C0H
MOV 10H,#100D
CH_AMT3_1:ACALL CH_AMTS
DJNZ 10H,CH_AMT3_1
POP 10H
SJIMP CH_AMT7
CH_AMT4: ACALL CH_AMTA 4
SJHP CH_AMTS
CH_AMTS: PUSH OECH
MOV A,40H
CLR C
ADD A,#1H
MOV 40H,A
MOV A,41H
ADDC A,#CH
MOV 41H,A
POP OECH
RET
CH_AMTA: MOV A, 10H
CJNE A,#0AH,CH_AMTA_3
MOV 10H, #00H
INC 11H
CH_AMTA_1: MOV A,11H
CJINE A,#OAH,CH_AMTA_3
MOV 11H,#00H
INC 12H

CH_AMTA_2: MOV A,12H



CH_AMTA_4:

CH_AMTA_3:
Ma_Errorl:

CJNE A,#0AH,CH_AMTA_3
MOV 12H,#00H

INC 13H

MOV A,13H

CJINE A,#1H,Ma_Errorl
RET

LCALL CR_DATA

SETB SCON.4

SETB 16H

MOV 40H, #00H

MOV 41H,#0CH

RET

; SUBROUTINE INCREMENT DPTR =16 VALUES

; IN DPTR

;OUT DPTR

PUSH OEOH

CLR C

MOV A,DPL

ADD A,#16D

MOV DPL,A

MOV A,DPH

ADDC A,#CH

MOV DPH,A

POP OEOH

RET

; SUBROUTINE INCREMENT DPTR = 14 VALUES

; IN DPTR

;OUT DPTR



RAM1:

PUSH OECH
CLR C

MOV A,DPL
ADD A,#14D
MOV DPL,A
MOV A,DPH
ADDC A, #0H
MOV DPH,A
POP OECH
RET

SE_ON_AH:

; SUBROUTINE POINT DATA IN RAM FOR SEND ONE CH. AND AMOUNT
;IN OFH,10H,11H,12H, 13H,DPTR

;OUT DPTR, (16)

LCALL SE_ONE

LCALL SE_AMT

RET

READ_CODE:

R C_1:

; SUBROUTINE READ CODE OF CPU FROM DIP SWITCH
;IN P2
;OUT 31H,32H, 33H

CLR P1.7 ;CLOSE GATE 244

MOV A,P2 ;READ CODE

SETB P1.7 ;OPEN GATE

MOV R1,H#00H ;CLEAR RO

CLR C ;CLEAR CARRY

MOV RO,A ;SAVE ACC

SUBB A,#10D

JNC RC_2 ;FIND N TIMES OF 10D

CLR C ;VALUE < 10



R C_3:

R C_4:

RC 2:

R_7109:

MOV A,RO
ADD A,#30H
MOV 31H,A
MOV A,R1
MOV R1,#0CH
MOV RO,A
SUBB A,#10D
JNC RC_4
CLR C

MOV A,RO
ADD A,#30H
MOV 32H,A
MOV A,R1
ADD A, #30H
MOV 33H,A
RET

INC R1
SJMP R.C_3
INC R1

SJMP R C_1

; LOW

®
;CONVERT TO ASCII
;SAVE DATA AT 31H

;FIND MID AND HIGH

;LEAVE MID AND HIGH
;FIND HIGH

;MID

sHIGH

; SUBROUTINE READ DATA FROM 7108

;IN 30H,34H,35H

;OUT 30H,34H,35H,RAM 2 BYTE, (OD)

JB 30H,R_7109_3_1

PUSH OECH
MOV A,34H

CJNE A,#3EH,R_7108_2_1

MOV A,35H

;FROM DPH OF RAM

;FROM DPL OF RAM



R_7109_2_1:

CJNE A,#80H,R_7109_2_1

CLR IE.O
SETB ODH
MOV 30H,#8D
MOV P1,#0FCH
POP OECH

JB 30H,R_7109_2_3
RETI

CLR P1.6

MOV DPH, 34H
MOV DPL, 35H
CLR P1.3
CLR P1.5
CLR P3.3
MOV A,P2
SETB P3.3
SETB P1.5
MOVX @DPTR,A
INC DPTR
CLR P1.4

CLR P3.4

MOV A,P2
SETB P3.4
SEIB P1.4
SETB P1.3
MOVX @DPTR,A
INC DPTR
MOV 34H,DPH
MOV 35H,DPL
SETB P1.6

;DATA NOW FULL

;FOR HOLD DATA

;CE\LOAD 1LOW
;LBEN LOW
;CLOSE GATE 244

;OPEN GATE 244
;LBEN HIGH

;HBEN LOW
;CLOSE GATE 244

;OPEN GATE 244
;HBEN HIGH
;CE\LOAD HIGH



POP OECH
DJNZ 30H,R_7109_1
MOV 30H,#8D
MOV P1,#0FCH ;GO TO CHANNAL 1
mov c,27h
mov ie.O0,c
SETB 1EH ;DATA READY 8 CHANNALS
RETI
R_7109_1: 1INC P1
RETI
R_7109_2_3: MOV C,IE.O
MOV 27H,C
SETB IE.C
RETI
R_7109_3 1: PUSH OECH

PUSH OOH

CLR P1.6 ;FOR HOLD DATA
CLR P1.3 ;CE\LOAD LOW
CLR P1.5 ;LBEN LOW

CLR P3.3 ;CLOSE GATE 244
MOV A,P2

SETB P3.3 ;OPEN GATE 244
SETB P1.5 ;LBEN HIGH

MOV RO,4BH

MOV @RO,A

INC RO

CLR P1.4 ;HBEN LOW

CLR P3.4 ;CLOSE GATE 244
MOV A,P2

SETB P3.4 ;OPEN GATE 244



SETB P1.4 ;HBEN HIGH
SETB P1.3 ;CENLOAD HIGH
MOV @RO,A
INC RO
MOV 4BH,RO
SETB P1.6
POP OCH
POP OEOH
DJINZ 4CH,R_7109_3_2
MOV 4CH, #8D
MOV P1,4AH
MOV 4BH, #52H
MOV C,2BH
MOV IE.O,C
CLR 30H
SETB 28H
MOV THO,#3CH
MOV TLO, #0AFH
MOV R2,#25D
SETB TRO
RETI
R_7109_3_2: INC P1
RETI

; SUBROUTINE CONVERT HEX TO BCD
;IN A
;OUT 1A,1B,1C,1D, 1E, 1F
A_TO_D: PUSH 04H
PUSH OSH
PUSH 06H



A_D:

AD_1:

MOV RS, #00H
JB ACC.4,0VER_LOAD
JNB ACC.5,POLARITY
MOV 1AH,#"+°
ANL A,#OFH
MOV 18H,A
CIRC

MOV A,18H
MOV R4,A
SUBB A, #100D
JNC AD_2
MOV 18H,A
MOV A, 1SH
SUBB A, #O0CH
MOV 19H,A
JNC A D_3
CLR C

MOV A,RS
MOV RS, #00H
MOV RE,A
SUBB A,#10D
JNC AD_4
CLR C

MOV A,R6

ADD A,#30H
MOV 1CH,A
MOV A,RS

ADD A,#30H
MOV 1BH,A
MOV RS, #0CH

;OVER LOAD CANNOT CONVERT
;CHECK POLARITY

;FOR 4 BIT LOW



MOV A,R4
AD_B: MOV R4,A
SUBB A,#10D
JNC AD_7
CLR C
MOV A,Rd4
ADD A,#30H
MOV 1EH,A
MOV A,RS
ADD A,#30H
MOV 1DH,A
POP OBH
POP OSH
POP O4H
RET
OVER_LOAD:MOV 1BH,#'x’
MOV 1CH,#'x’
MOV 1DH,#'x’
MOV 1EH,# x’
JNB ACC.5,0V_1
MOV 1AH,# +°
ov_2: POP O6H
POP OSH
POP 04H
RET
ov_1: MOV 1AH,%"-°
SJMP OV_2
POLARITY: MOV 1AH,# -~
SIJMP A_DD
AD_2: INC RS



SJMP A D_1
AD_3: MOV A, 18H
INC RS
SJHP AD_1
AD 4: INC RS
SJMP A D_S
AD_7: INC RS
SJMP AD_6

;SUBROUTINE DELAY TIME = 0.99s (BASE TIME)

;IN (1DH)

;OUT (1DH)
DELAY: MOV 42H,#0FFH
DELAY_1: DJNZ 42H,DELAY 2

SETB 1DH
DELAY_2: MOV 43H,#0FFH
DELAY 3: NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOP



DJNZ 43H,DELAY_3
JNB 1DH,DELAY_1
CLR 1DH

RET

D_R:

D_R_8:
D R 7:

DR9.1:
D R_9:

.
’

;SUBROUTINE TIMER DELAY FOR READ DATA FROM 7109

; IN 36H,37H, 38H, 3SH, 3AH, (08H)

;OUT 44H,45H,46H,47H,48H, (IE.O)

MOV 45H,37H

MOV 44H, 36H

MOV 46H,38H

MOV 47H,39H

MOV 48H,3AH

JB OFH,D_R 9

MOV A,44H

CJNE A,#0OH,D_R_2
MOV A,45H

CJNE A,#0OH,D_R_3
MOV A,46H

CJNE A,#0OH,D_R 4
MOV A,47H

CJNE A,#00OH,D_R_5
MOV A,48H

CJNE A,#00H,D_R 6
SETB IE.O

JB OFH,D_R_A

JB 1EH,D_ R 9 1
SJMP D_R_8

CLR 1EH

RET

;SAVE ORDER 2
;SAVE ORDER 1
;ORDER 3

;ORDER 4

;ORDER 5

;TO CLEAR SYSTEM

;ENABLE EXT. INTERUPT
; RESET SYSTEM
;CHECK READ DATA = 8 CHANEL



D_R_2: DEC 44H
LCALL DELAY
SJMP D_R_1
D_R 3: DEC 45H
MOV 44H,#9D
LCALL DELAY
SIMP D_R_1
D R 4: DEC 46H
MOV 44H,#9D
MOV 45H,#9D
LCALL DELAY
SJMP D_R_1
D_R 5: DEC 47H
MOV 46H,#9D
MOV 45H,#9D
MOV 44H,#9D
LCALL DELAY
SJMP D_R_1
D_R B: DEC 48H
MOV 47H,#9D
MOV 46H, #9D
MOV 45H,#9D
MOV 44H,#9D
LCALL DELAY
SJMP D_R_1
D_R_A: CLR IE.O
SJMP D_R_8

;SUBROUTINE RECEIVE ZERO THAT INTEREST ONLY
;IN A, (O7H,08H,08H, OAH), ODH



;OUT 08H,09H,0AH, OBH, OCH, ODH
CUT_ZERO: INC ODH
JB O7H,CUT_1
JB 08H,CUT_2
JB OSH,CUT_3
JB OAH,CUT_4
MOV O8H, A
SETB OAH
MOV OSH, #OOH
MOV OAH, #OOH
MOV OBH, #OOH
MOV OCH,#OOH
SIMP G_BACK
CUT_4: MOV O9H,A
SETB OSH
CLR OAH
SIMP G_BACK
CUT_3: MOV OAH,A
SETB O8H
CLR O9H
SIMP G_BACK
CUT_2: MOV OBH,A
SETB O7H
CLR O8H
SIMP G_BACK
CUT_1: MOV OCH,A
CLR O7H
G_BACK:  ACALL CR_DATA
RET




;SUBROUTINE RECEIVE DELAY TIME
;IN O8H,0SH,0AH,0BH,OCH, ODH
;OUT 36H,37H,38H, 3SH, 3AH, 08H, 09H, OAH, OBH, OCH, ODH
R_DELAY: MOV A,ODH
CJNE A,#1H,R DE_1

ACALL CHECK1

MOV 36H, 08H ;1

MOV 37H,#00H ;2
RDE_1 1: MOV 38H,#00H ;3
R DE_1_2: MOV 3SH,#00H H
RDE_1 3: MOV 3AH,#00H H

SJMP R DE_5
RDE_1: CJNE A,#2H,R DE_2

ACALL CHECK1

MOV 37H,08H A
ACALL CHECK2

MOV 36H,08H ;3
SJMP RDE_1 1

RDE 2: CJNE A,#3H,R_DE_3
ACALL CHECK1
MOV 38H, O8H
ACALL CHECK2
MOV 37H,08H
ACALL CHECK3
MOV 36H,0AH
SJMP RDE_1 2
RDE_3: CJNE A,#4H,R DE_4
ACALL CHECK1
MOV 39H,08H
ACALL CHECK2



MOV 38H,0SH
ACALI. CHECK3
MOV 37H, OAH
ACALL CHECK4
MOV 36H,OBH
SJMP R DE_1_3
R_DE_4: CJINE A,#5H,R_DE_NO
ACALL CHECK1
MOV 3AH, 08H
ACALL CHECK2
MOV 39H,0%H
ACALL, CHECK3
MOV 38H,OAH
ACALL CHECK4
MOV 37H, OBH
ACALL CHECKS
MOV 36H, OCH
R_DE_5: MOV 08H,#0CH
MOV OSH, #00H
MOV OAH,#00H
MOV OBH, #0CH
MOV OCH, #00H
MOV ODH, #0CH
CLR OAH
CLR O%H
CLR 08H
CLR O7H

R_DE_NO: SETB 32H
SIJMP R_DE_S



CHECK1:

CHECK3:

CHECK4 :

CHECKS:

CLRC

MOV A,O8H
SUBB A,#30H
MOV O8H,A
RET

CLR C

MOV A, 0SH
SUBB A,#30H
MOV 0%H,A
RET

CLR C

MOV A,OAH
SUBB A,#30H
MOV OAH,A
RET

CLR C

MOV A,OBH
SUBB A, #30H
MOV OBH,A
RET

CIR C

MOV A,GCH
SUBB A, #3CH
MOV OCH,A
RET

’

CR_DATA:

MOV THO, #00H
MOV TLQ, #0CH
MOV OEH,#34D
SETB TRO



SETB 1C0H

CL_DATA:

CLR TRO

MOV OEH,#34D
CLR 10H

RET

MAIN:

MAIN_1:

;MAIN PROGRAM
MOV SP,#80H
LCALL. READ_CODE
ACALL SET_Fn

ACALL RESET_SYS

JB ODH,MAIN_1 ;bATA FULL
JB OFH,MAIN_1 ;RESET SYSTEM
LCALL D_R
SJMP MAIN_1

SET _Fn:

;SUBROUTINE SET SFRs

MOV PCON,#8CH

MOV TMOD, #21H

MOV TH1,#64D

MOV TL1,#64D

MOV 30H,#8H

MOV 3DH,#°~"

MOV P1,#0FCH

MOV SCON, #50H

MOV IP,#10H

MOV IE,#92H

MOV TCON, #01000001B



MOV R2,#25D 3 SoroiloicieiololIRIcKICKICKICK

CLR P3.5 ;d0ick CONTROL, RELAY sokk
MOV 1Fh,#20H ;code enter key
MOV 3EH, #31H

MOV 4BH,#50H
MOV 4CH, #8D
MOV ODH, #0C0H

; SUBROUTINE RESTE SYSTEM

RESET_SYS:MOV 3BH,#00H

RESET_1:

MOV 3CH, #00H
MOV 34H,#0CH
MOV 35H, #00H
MOV IE,#92H

MOV 30H,#8D

MOV 4BH, #50H
MOV 4CH, #8D

MOV P1,#0FCH
CLR ODH

CLR OEH

MOV ODH, #O0H
CLR OCH

CLR O1H

CLR 02ZH

CLR O3H

CLR 04H

CLR OSH

CLR O6H

CLR O7H



CLR O8H

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

OSH
OAH
OBH
OCH
10H
11H
12H
13H
14H
15H
18H
18H
18H

1BH
1CH
1DH

20H
21H
22H
23H
244
25H

CLR 26H

CLR

271
CLR 28H
CLR 28H



CLR 30H
CLR 31H
CLR 32H

;SUBROUTINE SAFETY P.A. OF RADIO
;IN R7
;OUT R7
SAFETY: INC R7
MOV 48H, #60D ;DELAY 1 MIN.
CJNE R7,#200D,SAFE_1
CLR P3.5
SAFE_2:  LCALL DELAY
DJNZ 49H,SAFE_2
MOV R7,#00H
SETB P3.5
LCALL DELAY
SAFE_1: RET




Program Seriallj;

Uses Crt,Dos,Graph,Frame;

Const Coml = O;
Com2 = 1;
Com3 = 23
Com4 = 33
Var Regs
lead,ch,J,C,S5,k
out, Initbyte,Com
Portbase
i,Show,1
Rowl
FILENAME
F
Home , KEYS,,Check
Msg,MsgO1
ForG,BacG
Mode, T
Color,Size
Mono, VgaMono, TisMode
D

Begin

Regs.ah

$00
Com

Regs.dx :

H
Regs.al
Intr(%14,Regs);

End;

:= Initbyte

Registers;
Chars
Byte;
Word;
Integer;
Array[l..76] of Char;
Strings;
Text;
Chars
String;
Integer;
Byte;
Word3;
Booleans

LongInt;

Procedure InitSerial(Com,Initbyte:Byte);



Function SendSerial(Data:Char) :Byte;
Begin
Regs.ah := %013
Regs.dx := Comsj
Regs.al := Ord(Data);
Intr($14,Regs);
If (Regs.al And $80) = $80 Then SendSerial := $FF Elee SendSerial := Oj

End;

Procedure Setrts(Com:Byte);
Var 0OldvVal : Byte;
Begin
Case Com of
Coml : Begin
Dldval := Port[$3FC];
Oldval := 0OldVal Or %023 { set pin RTS }
Port[$3FC] := 0Oldval ;
Ends
Com2 : Begin
OldVal := Port{$2FC];
Oldval := OldvVal Or $02; { set pin RTS }
Port[$2FC] := Oldval ;
Ends
Com3 : Begin
OldVal := Port[$3EC];
Oldval := OldVal Or $02; { set pin RTS }
Port[$3EC] := Oldval 3
Ends;

Com4 : Begin



Oldval := Port[$2EC];

P
Oldval := 0OldVal Or $02; { set pin RTS }
Port[$2EC] := Oldval ;

End;
End;

Procedure Clrts(Com:Byte)s
Var OldVal : Bytes;
Begin
Case Com Of
Coml : Begin
Oldval := Port[$3FC];
Oldval := OldVal And $OFD; { clear pin RTS }
Port[$3FC] := OldVal ;
End;

Com2 : Begin

Oldval Port[$2FC];

Oldval :

OldVal And $OFD; { clear pin RTS }
Port[$2FC] := Oldval ;
End;
Com3 : Begin
OldvVal := Port[+3EC];
Oldval := 0OldVal And $OFD; { clear pin RTS }
Port[$3EC] := Oldval ;
End;
Com4 : Begin
DldVal := Port[$Z2EC];
OldvVal := Oldval And $OFD; { clear pin RTS }

Port{$2EC] := OldVal ;



Function ReadSerial : Integer;
Var Data : Byte;
Check : Bytes;
Begin
Regs.ah := $02;
Regs.dx := Com;
intr($14,Regs);
Check := Regs.AH;
Data := Regs.AlL;
If (Check AND $80) = 480 Then ReadSerial := —1

Else ReadSerial := Dataj;

Procedure Receivel;

Begin
Repeat
Show := ReadSerialj
Until (Chr(Shaw) = '~’) Or KeyPressed;
Check := "™’
End;

Procedure Receives
Begin
Show := ReadSerialj
If Show = $0d Then Writeln;

If Show

%06 Then Write(Chr(Show))s;



If Chr(Show) In [°1°,°2°,°3',°4°,'5° ,°6" 3’7 ,'8 3 9 4,0, + 4 ="'
‘xR EF ]
Then Write(Chr(Show));
{ If (Show <> —-1) Then Write(Chr(Show));
If (Show = $0d) Then
Begin
Writeln;
Repeat
Show := ReadSerial;
Until Show = —-13
Ends; }

Ends;

Procedure Tranreces

Begin
ClrScry
TextBackground (15} ;
ClrScr;
Window(3,2,78,2);
TextBackground(0) ;
ClrScr;
GotoXY(30,1);Write( 'Data To Transmit’);
Window(3,4,78,10);
TextBackground(0) 3
ClrScr;

Window(3,12,78,12)

TextBackground (0) 3

ClrScr;



GotoXY(30,1) sWrite( 'Data To Receive’);
Window(3,14,78,22);
TextBackground (0) ;
ClrScry
Check 1= '~
Repeat
Window(3,14,78,22);
GotoXY(1,7);
Writeln;
" While Check <> '~ Do Receivel;
Repeat
Receive;
Until KeyPressed;
{ GoToXY(1,?);ClrEol; 3}
Lead := Readkey;
If Lead <> #27 Then
Begin
Window(3,4,78,10);
GotoXY(1,7)3;
Begin
Write(Lead);

Rowll1l]

Lead;

is=2

1

L1 ]
Il
[
e

D :

1;

Repeat
Lead := Readkey;
Write(Lead);
Rowlf{i] := Lead;

If Lead = #27 Then



window(1,1,80,25);
Exit;

End;

If Lead = #13 Then i = 763
If Lead = #08 Then
Begin
iz=i-1;

Ifi<=0Then i := 13

ClrEol;
Rowlfi] == " °;
If Rowi[1l = * * Then
Begin
ClrEol;
D = 13
i =0
Repeat
D := D+i;
If KeyPressed Then D:=7000;
Until (D = 8000) Or (D = 9000);
Ends;
1 := 1+1;
End;
i :=i+1;

Until (1 > 76) Or (D = 8000);
While D <> 8000 Do
Begin
Writeln;
Setrts(Com); Delay(1000);
For i:=1 To 76 Do

Begin



Out := SendSerial (Rowl[il);

If cut = -1 Then

Begin
Lead := #27;
Write( Error’)

End;

If Rowl[i] = #13 Then i := 763

Ends;
Delay(70);
Clrts(Com);
D == 8000;
End;
End;
End;
window(1,1,80,25);
Until Lead = #27;
End;
Procedure Upload;
Begin
ClirScr;
TextBackground (15);
ClrScrs

Window(3,2,78,2)
TextBackground(0);

ClrScr;

GotoXY(30,1) ;Write( UPLOAD FILES');
Window(3,4,78,22);
TextBackground(0);

ClrScrs

Write('ENTER FILENAME TO UPLOAD: ‘)3



ReadlLn(Filename);
If Filename = ‘'’ then exit;
{$I-}
Assign(f, Filename);
Reset(f);
{$I+}
If I0Result = O Then
Begin
ClrScr;
Setrts(Com); Delay(1000);
Out := SendSerial(’'"’);
Delay(2000);
While Not Eof(f) Do
Begin
Read(f,Home) ;
Write(Home) ;
Out := SendSerial (Home);
End;
Out := SendSerial('™");
Delay(100);
Clrts(Com);
Close(f);
Writeln;

Writeln( UPLOAD ° ,FILENAME, - ° COMPLETED' );

Else Begin
Writeln('File Not Found !°);
Write( Press Any Key To Main Menu.’)s;
End;

Repeat Until KeyPressed;



End;

Procedure Download;
Begin
ClrScr;
TextBackground(15) 3 -
ClrScr;
Window(3,2,78,2);
TextBackground(0) ;
ClrScr;
GotoXY(30,1) sWrite( 'DOWNLOAD FILES’ );
Window(3,4,78,22);
TextBackground(0) ;
Clrscr;
Write( ENTER FILENAME TO DOANLOAD: °);
ReadLn(Filename) ;
If Filename = °° Then Exit;
{$I-}
Assign(f, Filename);
Reset(f);
{$1+}
If I0Result = O Then
Begin
Writeln('0OLD FILE HAVE NAME °,FILENAME,  YOU WANT OVERWRITE: (Y/N)’
Repeat
Keys := ReadKey;
Until Keys In ['y’,'Y','n",'N 13
Case Keys Of
‘Y'Y’ @ Begin

ClrScr;



Repeat
Show := ReadSerial;
Until Chr(Show) =""";
RelWrite(F);
Repeat
Show := ReadSerial;
Write(Chr(Show));
Write(F,Chr(Show));
Until Chr(Show) =""";
Clrts(Com);
Close(F);
Writelns;
Write(’DOWNLOAD’ ,FILENAME, 'COMPLETED )3
End;
‘m",'N : Wite('Press Any Key To Main Menu’);
End;
End
Else Begin
ClrScr;
Repeat
Show := ReadSerial;
Until Chr(Show) ="""3
ReWrite(F);
Repeat
Show := ReadSerial;
Write(F,Chr(Show));
Write(Chr(Shaw));
Until Chr(Show) = "~
Clrts(Com);

Close(f);



Write( DOAMNLOAD ,FILENAME, 'COMPLETED' ) ;
End;
Repeat Until KeyPressed;

End;

Procedure MenuOl;

Begin
ClrScr;
Wiritelns
Writeln(’ 1) 300,N,8,1");
Writeln(’ 2) 1200,N,8,1°);
Writeln(’ 3) 2400,N,8,1°);
Writeln(’ 4) 4800,N,8,1°);
Writeln(’ 5) 2600,N,8,1°);
Wiritelns
Write(’ Select Baud Rate(1-5):°);
Repeat

J := Readkey;
If j = #27 then exit;
Until J In ["1°..°9"];
Writeln(J);
Case J Of
‘1’ : Begin
Initbyte:= $43;
Msg := ‘Baud Rate = 300,N,8,1's
Window(3,24,40,24); TextBackground(O);
ClrScr; GotoXY( 10,1)sWrite(Msg);
End;
‘2" : Begin

Initbyte:= $83;



Msg := ‘Baud Rate = 1200,N,8,1°;
Window(3,24,40,24); TextBackgraund(O);
ClrScr; GotoXY( 10,1)sWrite(Msg);
End;
'3’ 1 Begin
Initbyte:= $A3;
Msg := ‘Baud Rate = 2400,N,8,1°;
Window(3,24,40,24); TextBackground(O);
ClrScr; GotoXY( 10,1);Write(Msg);
End;
‘4’ : Begin
Initbyte:= $C3;
Msg := ‘Baud Rate = 4800,N,8,1°;
Window(3,24,40,24); TextBackground(O);
ClrScr; GotoXY( 10,1)sWrite(Msg);
Ends;
‘S’ & Begin
Initbyte:= $E3;
Msg := ‘Baud Rate = 9600,N,8,1°;
Window(3,24,40,24); TextBackground(O);
ClrScr; GotoXY( 10,1)s;Write(Msg);
Ends
End;
InitSerial (Com, Initbyte);

Ends;

Procedure MenuQ2;
Begin
ClrScr;

Writeln;



Writeln(’ 1)Comi‘);

Writeln(’ 2)Cam2’) s
Writeln(’ 3)Com3° )
Writeln(’ 4)Comd’ )
Writelns

Write(’ Select Port(1-4) :°);
Repeat

C := Readkey;
If C = #27 Then Exit;

Until C In [L'1°..°4" 3

Writeln(C)s
Case C Of
‘1’ : Begin
Com:= Comlj;
MsgOl:='Serial Port = Coml’;
Window(40,24,78,24) 3 TextBackground(O);
ClrScr; GotoXY(5,1); Write(MsgOl);
End;
‘2" : Begin
Com:= Com2;
MsgOl:='Serial Port = Com2’;
Window(40,24,78,24); TextBackground(O);
ClrScri GotoXY(S5,1); Write(MsgOl);
End;
‘3" : Begin

Com:= Com3;

MsgOl:='Serial Port = Com3’;
Window(40,24,78,24); TextBackground(O);
ClrScrj; GotoXY(5,1); Write(MsgO1);

End;



‘4’ : Begin
Com:= Comd}
MsgOl:="Serial Port = Com4’;
Window(40,24,78,24); TextBackgrcuﬁ(O) H
ClrScr; GotoXY(5,1); Write(MsgOl);
Ends;
Ends;
InitSerial (Com, Initbyte);

End;

Procedure MenuO3;
Begin
ClrScr;
Writeln;
Writeln;
Writeln(’ 1)Trans/Recei’ )
Writeln(’ 2)Upload File(Text)’);
Writeln(’ 3)Download File(Text)’);
Writelng
Write(’ Select Choice :°);
Repeat
s := Readkey;
If S = #27 Then Exit;
Until S In ['1°..°3" 13
Writeln(s);
Case S Of
‘1’ : TranRece;

‘2’ s Uploads

‘3’ : Download;

End;



End;

Procedure MenuOO;

Begin
ClrScr;
TextBackground(15);
ClrScr;
Window(3,2,78,2);
TextBackground(0);
ClrScr;
GotoXY(33,1) sWrite( MAIN MENU' )
Window(3,24,39,24);
TextBackground(O) 3
ClrScr;
GotoXY(10,1) ;Write(Msg);
Window(40,24,78,24);
TextBackground(0);
ClrScr;

GotoXY(S,1) ;Write(MsgOl);

Window(23,6,55,14);
TextBackground(0) ;

ClrScr;

Writeln;

Writeln(’ 1)Select Baud Rate’);
Writeln(’ 2)Select Port’)s
Writeln(’ 3)Select Mode’);
Writeln(’ 4)Exit’ )

Writelns

Write(’ Select Number(1-4) =°);

Repeat



k := Readkey;

If k = #27 Then k = "4’

1]

Until k In ["1°..°4"];
Writeln(k);
Case k Of
‘1’ : Begin MenuOljwindow(1l,1,80,25);clrscriends;
‘2° @ MenuO2;
‘3" 2 MenuO3 ;

‘4 2 Exits;

Cookkokkokk Title doklokkkkkoklonk )

Procedure Tit;

Procedure CursorQOff;

Var regs : registers;

Begin
regs.ah := 1j;
regs.cx = $1600;
intr($10,regs);
End;

Procedure Cursor(ng
Var regs @ registers;
Begin
regs.ah = 13
regs.cx s= %0607

intr($10,regs);



End;

BEGIN

CLRSCR;

WRITELN;

B

WRITELN(®

WRITELN(’

WRITELNC(”



WINDOW(20,24,60,24);
REPEAT
WRITE( "~ * x PRESS ANY KEYS TO MAIN MENU X X”);
DELAY(400);
CLRSCR;
DELAY(300);
UNTIL KEYPRESSED;
WINDOW(1,1,80,25);
CURSORON;

END;

Procedure Opengraph;
Var GrDriver,GrMode : Integer;
Begin
Mono := False; VgaMono := False;
Color := 3;
DetectGraph(GrDriver,GrMode);
Case GrDriver Of
5 : VgaMono := True;
7 : Begin Mono := True; Color := 1; End;
9 : GrMode := 2;
End;
InitGraph{GrDriver,GrMode, " " );

End;

Procedure LoadFont(FontName :String; Size:Byte);
Begin
T := InstallUserFont(Fontname);
SetTextStyle(T,0,S8ize);

End;



Procedure OutTextsha(x,y : Integer; St : String);
Begin

SetColor(0);

OutTextxy(x+3,y+4,St);

SetColor(15);

OutTextxy(x,y,St);

Procedure OutTxt(x,y : Integer;Size : Byte;Color : Word; Msg : String);
Begin

SetColor(Color); ]

SetTextStyle(0,0,Size);

OutTextXY(x,y,Msg);

End;

Procedure LoadPic(x,y:integer);
Var Size : Word;
P,T : Pointer;
FP : File;
Begin
Assign(FP, ‘KMITL.VGA");
{$I-3
Reset(FP,1);
{$I+}
If IoResult <> O Then
Begin
Closegraph;
Writeln( ‘File KMITL.VGA not found’);

Halt(0);



End;
Bar(x-1,y-1,x+177,y+171);
Size := FileSize(FP);
GetMem(P,Size);
BlockRead(FP,P~,Size);
PutImage(x,y,P” ,Normalput);
Close(FP);

FreeMem(P,Size);

End;

Procedure FrameO(xl,yl,;Z,yz : Integer; BackGr : Word);
Begin

SetFillStyle(1,BackGr);

Bar(x1,yl,x2,y2);

Setcolor(15);

Rectangle(x1,yl,x2,y2);
End;

Procedure Framel(xl,y1,x2,y2 : Integer; BackGr : Word);

Begin
SetFillStyle(1,BackGr);
Bar(x1,y1,x2-10,y2-10);
Setcolor(0);
Rectangle(x1+5,y1+5,x2-15,y2-15);
SetFillStyle(1,0);
Bar(x2-10,y1+10,x2,y2);
Bar(x1+10,y2-10,x2,y2);
Setcolor(15);
Rectangle(x1,yl1,x2-10,y2-10);

End;



Procedure FrameZ(xl,yl,x2,y2 : Integer; BackGr : Word);
Begin

SetFillStyle(1,BackGr);

Bar(xl,yl,x2-10,y2-10);

SetFillStyle(1,0);

Bar(x2-10,y1+10,x2,y2);

Bar(x1+10,y2—i0,x2,v2);

Setcolor(15);

Rectangle(x1,y1,x2-10,y2-10);
End;

Procedure Frame3(xl,yl,x2,y2 : Integer; BackGr : Word);
Begin

SetFillStyle(1,Backlr);

Bar(xl+1,yl+l,x2-1,y2-1);
End;

Procedure Title;
Begin

Frame0(0,0,GetMaxX,GetMaxY,7);

LoadPic(30,40);

LoadFQnt('Trip',B);

OutTextsha(250,65, "PACKET RADIO');

LoadFont( ‘Trip’,4);

OutTextsha(330,130, ‘Version #1.07);

LoadFont( ‘Trip’,1);

OutTextsha(140,220, ‘By.. " );

OutTextsha(190,250, ‘Mr.Boonchai Photchanasomsaman 33504017 °);
OutTextsha(190,280, "Mr.Somnuk Wisadpanichkij 33504037 ");



OutTextsha(200,310, 'Department Of Applied Physics 7 );

OutTextsha(240,340, "Faculty Of Science’);

OutTextsha(100, 370, ‘King Mongkut "#39°s Institute Of Technology Ladkrabang”);
Repeat Until KeyPressed;

End;

{main}

Begin
ClrScr;
{ OpenGraph;
If (Mono = True) And (Color = 1)
Then Begin
CloseGraph;
Tit;
End
Else Begin
Title;
CloseGraph;
End;}
Msg := "Baud Rate = 300,N,8,1°;
Initbyte:= $43;
Msg01:= °Serial Port = Coml’;
Com:= Coml;
InitSerial(Com,Initbyte);
Repeat
Menu00;
Until k = ‘4°;
Window(1,1,80,25);
ClrScr;



End.

Writeln( 'Thanks For Used Program (TTR15)7);
Writeln( ‘From KMIT 'L Applied Physics Solidy #9 (1993-1994)°);
Writeln(” ");



M AXI/WV

- +5V Powered
RS-232 Drivers/Receivers

General Description Features g

Maxim's family of line drivers/receivers are intended Operal inale 5V
for all Rg—gsz ar?_d \,1.28{\1.2;4h commu?icatgions irt:ter- ¢ (+§v'a',f§ 1‘%@ i n%sz:“P :‘:: ﬁ:{%’é) b

es, and in particular, for those applications where
'iafzv is not avgilable. The MAX230, RA&xzss, MAX240 4 Meets All RS-232C and V.28 Specifications ﬁ
and MAX241 are particularly useful in battery powered ¢ Muitiple Drivers and Recelvers
systems since their low power shutdown mode @
reduces power dissipation to less than 5uW. The 4 Onboard DC-DC Converters o
MAX233 and MAX235 use no external components 4 9V Output Swing with +5V Supply ]
and are recommended for applications where printed N
circuit board space is critical. 4 Low Power Shutdown — <igA (typ) &
All mesrgbersdof tlhe 1ami:y esx\(/:ept tf}e fMAX231 and 4 3-State TTL/CMOS Recelver Outpuls -y
MAX239 need only a single +5V su or operation. +
The RS-232 drive¥s/recegivers havepgrz'—boarg charge ¢ £30V Recelver Input Levels *
pump voltage converters which convert the +5V input
power to the +10V needed to generate the RS-232
output levels. The MAX231 and MAX239, designed to
operate from +5V and +12V, contain a +12V to -12V
charge pump voltage converter.
Since nearly all RS-232 applications need both line Applications
drivers and receivers, the family includes both receiv-
ers and drivers in one package. The wide variety of Computers
RS-232 applications require differing numbers of Peripherals
drivers and receivers. Maxim offers a wide selection
of RS-232 driver/receiver combinations in order to Modems
minimize the package count (see table below). Printers
Both the receivers and the line drivers (transmitters
meet all EIA RS-232C and CCITT V.28 sé)ecific}ations). Instruments

Selection Table
No. of No. of - .
NeoeR . Power Supply Voltage  RS-232  RS-232 c:"“:’::::“s oW Do Sha ™ No. of Pins
Drivers Receivers

MAX230  +5V 5 0 4 capacitors Yes/No 20

MAX231  +5V and +75V to 13.2V 2 2 2 capacitors No/No 14

MAX232  +5V 2 2 4 capacitors No/No 16

MAX233 +5V 2 2 None No/No 20

MAX234  +5v 4 0 4 capacitors No/No 16

MAX235 - +5V 5 5 None Yes/Yes 24

MAX236  +5V 4 3 4 capacitors Yes/Yes 24

MAX237  +5V 5 3 4 capacitors No/No : 24

MAX238  +5V 4 4 4 capacitors No/No 24

MAX233  +5V and +75V to 13.2V 3 5 2 capacitors No/Yes 24

MAX240  +5V 5 5 4 capacitors Yes/Yes 44

(Flatpak)
MAX241  +5V 4 5 4 capacitors Yes/Yes 28
{Small Outline)

*Patent Pending



MAX230-241*%

45V Powered

RS-232 Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS

Vg:c .......... Cetteretiieeriariettateseernnien -0.3V to +6V Short Circuit Duration
Vi Seeereriatsiahanay FERTTITT (Vg - 0.3V) to +14V DUT ceveenrersoeronnnses cererie. IITTTTTPRe continuous
Vo oiiiieiiane. Creteseeratonsetisatenanasannns +0.3V to -14V Power Dissipation
Input Voltages . CERDIP ttiviviviirenienuernecisnriorenssnnesnnes 675mwW
TIN “vevesensnsssorseiscncannessasanes -0.3 to (vcc +0. 3V) {derate 9.5mW/°C above +70°C)
BIN cterertrerteicsiuarnsotenortocsinsrnsessssaron Plastic DIP ... viiiiienccennsoneeissrecnaneones 375mwW
Output Voltages {derate 7TmW/°C above +70°C)
TOUT sveorraesersnnrsessasannses (V* +0.3V) to (V" - 0.3V) Small Quttine (SO) +vvevvveenenness treessesnensas . 375mw
ROUT ~reerseraaseerencsssnorassnnes ~0.3V to (Ve + 0.3V) {cerate 7mW/°C above +70°C)
Lead Temperature (soldering 10 seconds) ........... +300°C
Storage Temperature .......eeeveensss «ee. =85°C t0 +160°C

Stresses sbove those listed under "Absolute Maximum Ralings” may cause permanent damage lo the device, Thess are siress rallngs only, and luncnonal
operation of the device at these or any other conditions above those indicated in the opsrational sections of lha specilications is not d. Exp
absolute maximum rating conditions for extended periods may alfect device reliability.

ELECTRICAL CHARACTERISTICS

(MAX232, 234, 236, 237, 238, 240, 241 Vg = 5V £ 10%; MAX233, 235 Vee = 5V £ 5%; MAX231, 238 Vo' =

= 8V £ 10%, V* = 7.5V to 13.2V;

Ta = Operating Temperature Range, Figures 3-14, unless otherwise noted.)

PARAMETER CONDITIONS MIN. TYR MAX. UNITS
Output Voltage Swing alllﬂ;r rsa:;"t';"grg;‘gms loaded 15 19 v
ne
Vec Power Supply Current :(;)l(c;c:, ;:;;:; ¢ :4 1:) mA
7

| V" Power Supply Current ':A%)l(%?:' and MAX239 only !—::xzz; 1: 155 mA
Shutdown Supply Current Figure 1, Ta = +25°C 1 10 EA
Input Logic Threshold Low Tin. EN, Shutdown v 0.8 v
Input Logic Threshold High I'l’ 20 v

EN, Shutdown 24
Logic Putiug Current Toe 7OV 15 o220 A
RS-232 Input Voltage Operating Range -30 +30 \
RS-232 Input Threshold Low Voc = 5V, Ty = +25°C (MAX231, 233 V' = 0v)] 0.8 12 v
RS-232 input Threshold High Vee = 5V, Ta = +25°C (MAX231, 239 V' = 12V)] 17 24 \
RS-232 Input Hysteresis Vee = 5V 0.2 0.5 1.0 v
RS-232 Input Resistance Ta = +25°C, Vo = 5V 3 5 7 kQd
TTL/CMOS Output Voltage Low loyr = 1.6mA (MAX231-233, l5r = 3.2mA) 0.4 v .
TTL/CMOS Output Voltage High loyr = -1.0mA 3.5 v
TTL/CMOS Output Leakage Current EN = Vgg, OV = Royr < Vee 0.05 +10 uA
Output Enable Time (Figure 2) MAX235, MAX236, MAX239, MAX240, 241 400 ns
Qutput Disable Time (Figure 2) MAX225, MAX236, MAX239, MAX240, 241 250 - ns
Propagation Delay = RS-232 to TTL 0.5 us
Instantaneous Slew Rate CL : lggfcn(‘mﬂ';n 30 Vius
. RL = 3k0), C, = 2500pF
Transition Region Slew Rate Measured 1rom +3V to -3V 3 Vips
or -3V o +3V ]

Output Resistance Veg =V =V =0V, Vg yp = 22V 300 0
RS-232 Output Short Circuit Current . +10 mA

Note 1: Sample tested.




“+5V Powered
RS-232 Drivers/Receivers

Typical Operating Characteristics

TRANSMITTER SLEW RATE MAX239 TRANSMITTER OUTPUT VOLTAGE TRANSMITTER OUTPUT VOLTAGE b
vs. LOAD CAPACITANCE vs. V* VOLTAGE vs. Ve VOLTAGE x
5 : = &0 o = 8 N
e Vi = B | B anvoteur @
) 47, CHARGE PUMP CAPACITORS o
34 1L A 8 x
=
= 8 N
5’ z s’ Y
5 s £ i,
?
E 2 g 2 %
g [}
g 1 5 13
4
— 3 4
0 50 00 1500 00 W 5§ 6 7 8 9 W N o2 W 45 a3 8 8% 58
LOAD CAPACITAKCE (F) ve Ve
V* SUPPLY VOLTAGE V- SUPPLY VOLTAGE CHARGE PUMP OUTPUT IMPEDANCE
vs. LOAD CURRENT vs. LOAD CURRENT vs. Voo
(MAX230, 234-238, 240, 241) (MAX230, 234-238, 240, 241) (MAX230, 234-238, 240, 241)
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Tk Tour Ly = 150 pF
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Figure 1. Shutdown Current Test Circuit Figure 2. Rucaiver Oulput Enable and Disable Timing



+5V Powered
RS-232 Drivers/Receivers

“

+5V INPUT
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: Typical Applications
Figures 3 through 14 show typical applications. The
capacitor values are non-critical. Reducing the capa-
citors C1 and C2 to 1uF will slightly increase the
impedance of the charge pump, lowering the RS-232
driver output voltages by about 100mV, Lower values
of C3 and C4 increase the ripple on the V* and V~
outputs.

If the power supply input to the device has a very fast
rate-of-rise (as would occur if a PCB were to be

plugged into a card cage with power already on), use

the simple RC filter shown in Figure 15. This bypass
ns}work is not needed if the Vee rate-of-rise is below
1 s, D

All receivers and drivers are inverting. The ENable
controf of the MAX235, MAX236, MAX239, MAX240
and MAX241 enables the receiver TTL/CMOS outputs
when it is at a low level, and places the TTL/CMOS
outputs of the receivers.into a high impedance state
when it is a high level. .

When the Shutdown control of the MAX230, MAX235,
MAX236, MAX240 and MAX241 is at a logic 1 the
charge pump is turned off, the receiver outputs are
put into the high impedance state, V' is pulled down
to Vee, V™ is pulled up to ground, and the transmitter
outputs are disabled. The supply current drops to
less than 10uA. .

Detailed Description

The following sections provide supplement. -y iidor-
mation for those designers with non-standard appti-
cations and for those with interest in the internal
operation of the devices. ’

The devices consist of 3 sections: the transmitters,
the receivers, and the charge pump DC-DC voltage
converter. : )

+5V to 10V
Dual Charge Pump Voltage Converter

All but the MAX231 and MAX239 convert +5V to £10V,
This conversion is performed by two charge pump
voltage converters. The first uses capacitor C1 to
double the +5V to +10V, storing the +10V on the V*
output filter capacitor, C3. The second charge pump
voltage converter uses capacitor C2 to invert the +10V
to -10V, storing the ~10V on the V™ output filter capa-
citor, C4. The equivalent circuit of the charge pump
section is shown in Figure 16.

A smail amount of power may be drawn from the
+10V (V") and -10V (V") outputs to power external
circuitry. The typical characteristics graphs show the
typical output voltage vs. load current characteristics.

Figure 15, Protection from High p

an 104K, 83V
S A i
| _]:Bumss Ils d ’
v Vee
= .V’ 2
0uF. 16V
U v- Ik
10y A “
Ty MAKIM _
3o MAX232
sl
10pf Lo
"gf =6
L] .y
o)
AE
av

voow X
Yeg s ] I [} 3,/| 1 1 Js_l/ e 8 = ok
. . . . 4 L
& ] & i3me | G § 4 $a-
5 : s4J' " sJ ! e "'1 T
GNO > L__o){—A Vo gn_._:,/}/ —T v
| - J i r & {
1 t
S (S, .i______l
e .

Figure 16. Charge Purnp Diagram.




For applications needing only the +5V to £10V charge
pump voltage converter, the MAX680 is available,

The capacitor values for C1 through C4 are non-
critical. At the 15kHz typical switching frequency of
the voltage converter, a 1uF capacitor has approxi-
mately 101) impedance, and replacing the 4.7uF and
10uF capacitors shown in the typical applications
with 1uF for C1 and C2 will increase the output
impedance of the V* output by about 10Q and the
output impedance of V- by about 20Q. Lowering the
value of C3 and C4 increases the ripple on the V*
and V- outputs. Where operation to the upper tem-
perature limit is not required, or Vcc will not go
below 4.75V, C1 and C2 can be 1uF, and C3 and C4
can be 1uF per output channel (1uF if one transmitter
Is used, 5uF if five transmitters are used).

There are parasitic diodes which become forward
biased if V' goes below Ve or V™ goes above ground.
When in the shutdown mode (MAX230, MAX235,
MAX236, MAX240 and MAX241 only), V' is internally
connected to Vec by a 1kQ pulidown, and V™ is
intemally connected to ground via a 1kQ putliup.

The MAX233 and MAX235 contain all charge pump
components, including the capacitors, and operate
with NO external components.

The MAX231 and MAX239 include only the V* to V~
charge pump, and are intended for applications which
have a +5V supply and either a +12V = 10% supply or a
75V to 13.2V biattery viltage. Wihen operating with V°

greaier waan 8.0V, botv Scepaciiers can oo 1uR

Driver ( nansmitter)h Section

The transmitters or line drivers are inverting level
translators which convert the CMOS or TTL input
levels to RS-232 or V.28 voltage levels, With +5V Ve,
the typical output voltage swing is +8V when loaded
with the nominal 5k} input resistance of an RS-232
receiver. The output swing is guaranteed to meet the
RS-232/V.28 specification of x5V minimum output
swing under the worst case conditions of all trans-
mitters driving the 3kQ minimum allowable load
impedance, Vee = 4.5V, and maximum operating
ambient temperature. The open circuit output voltage

- swing is from (V¥ - 0.6V) to V-,

The input thresholds are both CMOS and TTL com-
patible, with a logic threshold of about 25% of Vec.
The inputs of unused drivers sections can be left
unconnected; an internal 400kQ) input pullup resistor
to Ve will pull the inputs high, forcing the unused
transmitter outputs low. The input pullup resistors
source about 12pA, and the driver inputs should be
driven high or open circuited to minimize power
supply current in the shutdown mode.

45V Powered

RS-2_32 Drivers/Receivers

When in the iow power shutdown mode, the driver
outputs are turned off and their leakage current is less
than 1uA with the driver output pulled to ground. The
driver output leakage remains less than 1A, even if
the transmitter output is backdriven between 0V and
(Vec + 6V). Below -0.5V the transmitter is diode
clamped to ground with 1kQQ series impedance. The
transmitter is also zener clamped to approximatee%
Vee + 6V, with a series impedance of 1kQ. As requir:
by the RS$232 and V.28, the slew rate is limited to less
than 30V/us. This limits the maximum usable baud
rate to 19,200 baud.

Recelver Section

All but the MAX230 and MAX234 contain RS-232/V.28
receivers. These receivers convert the £5V to 15V
RS-232 signais to 5V TTL/CMOS outputs. Since the
RS-232C/V.28 specifications define a voltage level
greater than +3V as a 0, the receivers are inverting.
Maxim has set the guaranteed input thresholds of the
receivers to 0.8V minimum and 2.4V maximum, which
are significantly tighter than the -3.0V minimum and
+3.0V maximum required by the RS-232 and V.28
specifications. This atlows the receivers to respond
both to RS-232/V.28 levels and TTL level inputs. The
receivers are protected against input overvoltage up
to *30V.

The 0.8V guaranteed lower threshold is important to
ensure that the receivers will have a logic 1 output if
the receiver is not being driven because the enuip-
ment Lonlaining lhe line duver is tuwicd oii or
disconnected, or if the connecting cable has an open
circuit or short circuit. In other words, the receiver
implements Type 1 interpretation of fault conditions
(§7 of V.28, §2.5 of RS-232C). While a OV or even a
-3V receiver threshold would be acceptable for the
data lines, these lower thresholds would not give
proper indication on the control lines such as DTR
and DSR. The receivers, on the other hand, have a full
0.8V noise margin for detecting the power-down or
cable-disconnected states.

The receivers have a hysteresis of approximately
0.5V, with a minimum guaranteed hysteresis of 200mV.
This aids in obtaining clean output transitions, even
with slow rise and fall time input signals with moderate
amounts of noise and ringing. The propagation delays
of the receivers are 350ns for negative-going input
signals, and 650ns for positive-going input signais
(see Typical Characteristics graphs).

The MAX239 has a receiver 3-state control line, and
the MAX235, MAX238, MAX240 and MAX241 have
both a receiver 3-state control line and a low power
shutdown control. The receiver TTL/CMOS outputs
are in a _high impedance 3-state mode whenever the
3-state ENable line is high, and are aiso high impe-
dance whenever the Shutdown control line is high.
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- Review of EIA Standard
RS-232-C and CCITT
— Recommendations V.28 and V.24

The most common serial interface between electronic
equipment is the “RS232" interface. This serial inter-
face has been found to be particularly useful for the
interface between units made by different manufac-
turers since the voltage levels are defined by the EIA
Standard RS-232-C and CCITT Recommendation V.28.
The RS-232 specification also contains signal circuit
definitions and connector pin assignments, while
CCITT circuit definitions are contained in a separate
document, Recommendation V.24. Originally intended
to Interface modems to computers and terminals,

‘these standards have many signals which are npt

used for computer-to-computer or computer-to-peri-
pheral communication.

Serial interfaces can be used with a variety of trans-
mission formats. The most popular by far is the
asynchronous format, generally at one of the standard
baud rates of 300, 600, 1200, etc. The maximum
recommended baud rate for RS-232 and V.28 is 20,000
baud, and the fastest commonly used baud rate is
19,200 baud. Asynchronous serial links use a variety
of combinations of the number of data bits, what type
(if any) of parity bit, and the number of stop bits. A .
typical combination is 7 data bits, even parity, and 1
stop bit

RS232/V.28 physical links are also suitable for synch-
ronous transmission protocols. These higher level
protocols often use the standard RS-232C/V.28
voltage levels. Note that one type of physical link
{such as RS-232/V.28 voltage levels) can be used for
a variety of higher level protocols. Table 2 summarizes
the voltage levels and other requirements of V.28
and RS-232.

Comparison of RS-232C/V.28
with other Standards

The other two most common serial interface specifica-
tions are the EIA RS423 and RS422/RS485 (CCITT
recommendations V.10 and Vi1). While the RS-232
or V.28/V.24 interface is the most common interface
for communication between equipment made by
ditferent manufacturers, the RS423,/V.10 interface and
RS422/VA1 interfaces can operate at higher baud
rates. In addition, the RS485 interface can be used
for low cost local area networks.

The RS423 and V.10 interfaces are unbalanced or
“single-ended"” interfaces which use a differential
receiver. This standard is intended for data signaling
rates up 1o 100 kbit/s (100 kilobaud). it achieves this
higher baud rate through more precise requirements

on the waveshape of the transmitters and through the
use of differential receivers to compensate for ground
potential variations beween the transmitting and re-
¢ejving equipment. With certain limitations, this inter-
1iace is compatible with RS-232 and V.28. The limita-
tions are:

1} less than 20,000 baud rate,

2) maximum cable lengths determined by RS-232
performance,

3) RS423/V.10 DTE and DCE signal return paths must
be connected to the the RS232/V.28 signal ground,

4) the RS-232 transmitter output voltages must be
limited to 12V, or additional protection must be
provided for the RS423/V.10 receivers, and

5) not all RS232/V.28 receivers will show proper
power-off detection of V.10 transmitter outputs.

Maxim's MAX230 and MAX232-MAX238, MAX240 and -
MAX241 meet restrictions 4 and 5 over the entire
range of recommended operating conditions. The
MAX231 and MAX239 meet restrictions 4 and 5
provided that the V* voltage is 12.5V or less.

The RS422, RS485, and V11 interfaces are balanced
double-current interchanges suitable for baud rates
up to 10 Mbit/s. These interfaces are not compatible
with RS-232 or V.28 voltage levels.

____Application Hints
Operation at High Baud Rates

V.28 states that “the time required for the signal to
pass through the transition region during a change in
state shall not exceed 1 millisecond or 3 percent of
the nominal element period on the interchange cir-
cuit, whichever is less.” RS-232C allows the transition
time to be 4 percent of the duration of a signal
element. At 19,200 baud, the “nominal element period”
is approximately 50us, of which 3 percent is 1.5us.
Since the transition region is from -3V to +3V, this
means the V.28 slew rate would ideally be faster than
6V/1.5us = 4V/us at 19.2 kbaud and 2V/us at 9600 baud.
The RS-232 requirement is equivalent to 3V/us at 19.2

‘kbaud, 1.5V/us at 9600 baud, etc. The slew rate of the

MAX230 series devices is about 3W/us with the maxi-
mum recommended load of 2500pF. In practice, the
effect of less than optimum slew rate is a distortion of
the recovered data, where the 1's and O's no longer
have equal width. This distortion generally has negli-
gible effect and the devices can be reliably used for
19.2 kbaud serial links when the cable capacitance IS
kept below 2500pF. With very low capacitance load-
ing, the MAX230 and MAX234-239, MAX240 and
MAX241 may even be used at 38.4 kbaud, since the
typical slew rate is 5V/us when loaded with 500pF in
parallel with 5kQ. Under no circumstance will the
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Figure 17 Non-inverting RS-232 Transmitters and Recejvers.

slaw rate exceed the RS-232/V.28 maximum spec of
30V/us and, uniike the 148v driver, no externai coin-
gensation capacitors are needed under any load con-

ition.
Driving Long Cables

The RS-232 standard states that “The use of short
cables (each less than approximately 50 feet or 15
meters) is recommended; however, longer cables are
permissible, provided that the load capacitance . . .
does not exceed 2500pF."

Baud rate and cable length can be traded off: use
lower baud rates for long cables, use short cables if
high baud rates are desired. For both long cables and
high baud rates, use RS422/V.11. The maximum cable
length for a given baud rate is determined by several
factors, including the capacitance per meter of cable,
the slew rate of the driver under high capacitive
loading, the receiver threshold and hysteresis, and
the acceptable bit error rate. The receivers have 0.5V
of hysteresis, and the drivers are designed such that
the slew rate reduction caused by capacitive loading
is minimized (see Typical Characteristics).

+5V Powered

RS-232 Drivers/Receivers

Non-inverting Drivers and Recelvers

Occasionally, a non-inverting driver or receiver is.
needed instead of the inverting drivers and receivers
of the family. Simply use one of the receivers as a
TTL/CMOS inverter to get the desired operation
(Figure 17). If the logic output driving the receiver
input has less than 1mA of output source capability.
then add the 2.2kQ puliup resistor.

The receiver TTL outputs can directly drive the input
of another receiver to form a non-inverting RS-232
receiver. ,

Protection for Shorts to £15V Supplies

All driver outputs except on the MAX231, MAX232
and MAX233 are protected against short circuits to
+15V, which is the maximum allowable loaded output
voltage of an RS-232/V.28 transmitter. The MAX231,
MAX232, and MAX233 can be protected against short
circuits to 15V power supplies by the addition of
a series 2200 resistor in each output. This protec-
tion is not needed to protect against short circuits to
most RS-232 transmitters such as the 1488, since
they have an internal short circuit current limit
of 12mA.

The power dissipation of the MAX230 and MAX234-
MAX239, MAX240 and MAX241 is about 200mW with
all transmitters shorted to =15V.

isol_ted R2-232 Interfaces

RS-232 and V.28 specifications require a common
ground connection between the two units communi-
cating via the RS-232/V.28 interface. In some cases,
there may. be large differences in ground potentiat
between the two units, and in other cases it may be
desired to avoid ground loop currents by isolating
the two grounds. In other cases, a computer or
control system must be protected against accidental
connection of the RS-232/V.28 signal lines to 110/
220VAC power lines, Figure 18 shows a circuit with
this isolation. The power for the MAX233 is generated
by a MAXE35 DC-DC converter. When the MAX635
regulates point “A" to -5V, the isolated output at point

.“B" will be semi-regulated to +5V. The two opto-

couplers maintain isolation between the system
ground and the RS-232 ground while transferring the
data across the isolation barrier. While this circuit will
not withstand 110VAC between the RS-232 ground
and either the receiver or transmitter lines, the voltage
difference between the two grounds is only limited by
the optocoupler and DC-DC converter transformer
breakdown ratings. .
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Ordering Information g
PART | TEMP RANGE PACKAGE PART TEMP. RANGE PACKAGE h
MAX230 0.3" Wide - MAX236 0.3" Wide *
MAX230CPP 0°C 0 +70°C | 20 Lead Plastic DIP MAX236CNG 0°C to +70°C | 24 Lead Plastic DIP N
MAX230CWP 0°C to +70°C | 20 Lead Wide S.0. MAX236CWG 0°C 10 +70°C | 24 Lead Wide S.0. )
MAX230C/D 0°C to +70°C | Dice . . MAX236C/D 0°C t0 +70°C | Dice .°
MAX230EPP | -40°C 10 +85°C | 20 Lead Plastic DIP MAX236ENG | -40°C t0 +85°C | 24 Lead Plastic DIP N
MAX230EWP | -40°C to +85°C | 20 Lead Wide S.0. MAX236EWG | -40°C 10 +85°C | 24 Lead Wide S.O. N
MAX230EJP -40°C to +85°C | 20 Lead CERDIP . MAX236ERG | 240°C to +85°C | 24 Lead CERDIP ey
MAX230MJP | -55°C to +125°C | 20 Lead CERDIP MAX236MRG | -55°C to +125°C | 24 Lead CERDIP %
MAX231 0.3 wide MAX237 0.3" Wide
MAX231CPD 0°C 0 +70°C " | 14 Lead Plastic DIP MAX237CNG | “0°C 10 +70°C | 24 Lead Plastic DIP
MAX231CWE 0°C to +70°C | 16 Lead Wide S.0. MAX237CWG 0°C 10 +70°C | 24 Lead Wide S.0.
MAX231C/D 0°C to +70°C | Dice - ) MAX237C/D  |° 0°Cto+70°C | Dice =
MAX231EPD [ -40°C 1o +85°C | 14 Lead Piastic DIP MAX237ENG | -40°C 10 +85°C | 24 Lead Plastic DIP
MAX231EWE | -40°C to +85°C | 16 Lead Wide S.0. MAX237EWG | -40°C t0 +85°C | 24 Lead Wide S.0.
MAX231EJD -40°C 10 +85°C | 14 Lead CERDIP MAX237ERG | -40°C t0 +85°C | 24 Lead CERDIP
MAX231MJD | -55°C to +125°C | 14 Lead CERDIP MAX23?MRG | -55°C to +125°C | 24 Lead CERDIP
MAX232 - 0.3" Wide MAX238 0.3" Wide
MAX232CPE 0°C to +70°C | 18 Lead Plastic DIP MAX238CNG 0°C to +70°C | 24 Lead Plastic DIP
MAX232CWE 0°C 10 +70°C | 16 Lead Wide S.O. MAX238CWG 0°C to +70°C | 24 Lead Wide S.O.
MAX232C/D 0°C 10 +70°C | Dice MAX238C/D 0°C to +70°C | Dice
MAX232EPE -40°C to +85°C 16 Lead Plastic DIP MAX238ENG -40°C to +85°C 24 Lead Plastic DIP_
| MAx2225J€E -40°C 1o +85°C | 16 Lead CERDIP MAX238EWG | -40°C to +85°C | 24 Lead Wide S.O
MAXZocEWE | ~40-C w 85°C | 16 Lead Wide S.O. MAX233ERG | -40°C te +35°C | 24 Lead CERDIP |
MAX232MJE | -55°C to +125°C | 16 Lead CERDIP MAX238MRG | -55°C to +125°C | 24 Lead CERDIP
MAX233 - |03 wide MAX239 0.3” Wide
MAX233CPP 0°C to +70°C | 20 Lead Plastic DiP MAX238CNG 0°C to +70°C | 24 Lead Plastic DIP
MAX233EPP -40°C to +85°C | 20 Lead Plastic DIP MAX239CWG 0°C 10 +70°C | 24 Lead Wide S.O. !
MAX234 - | : 0.3" Wide ° MAX239C/D 0°C to +70°C | Dice. -
MAX234CPE 0°C 10 +70°C | 16 Lead Plastic DIP MAX239ENG | -40°C to +85°C | 24 Lead Plastic DiP
MAX234CWE 0°C 10 +70°C | 16 Lead Wide S.0. MAX239EWG | -40°C 1o +85°C | 24 Lead Wide S.0.
MAX234C/D 0°C to +70°C | Dice MAX239ERG | -40°C to +85°C | 24 Lead CERDIP
MAX234EPE | -40°C to +85°C | 16 Lead Plastic DIP MAX239MRG | -55°C 10 +125°C | 24 Lead CERDIP
MAX234EWE | -40°C to +85°C | 16 Lead Wide S.0. MAX240 Flatpak
MAX234EJE -40°C to +85°C | 16 Lead CERDIP MAX240CMH | = 0°C to +70°C_ | 44 Lead Flatpak
MAXZ34MJE | <85°C 10 +125°C | 16 Lead CERDIP MAX240EMH | -40°C 10 +85°C " | 44 Lead Flatpak °
MAX235 06" Wide MAX241 0.3" Wide
WAxEERG | WO 0 | anlea e P | | WASHEN | SSR e [ Mot i 50
MAX235EPG | -40°C 10 +85°C | 24 Lead Plastic DIP* :
MAX235EDG -40°C to +85°C 24 Lead Ceramic®
MAX235MDG | -55¢C to +125°C | 24 Lead Ceramic’

° = 0.600" package
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Table 1. Circuits Commonly Used for

RS-232C and V.24 Asynchronous Interfaces

Table 2. Summary of RS-232C and
V.28 Electrical Specifications

PIN CIRCUIT PARAMETER SPECIFICATION COMMENTS
1 Protective Ground Connect to Driver Output Voltage
Earth Ground 0 level +5V to +15V With 3-7k() load
. 1 level -5V to -15V With 3-7k{} load
2 Transmit Data (TD) Data from DTE Max. output +25V Max. No Load
3 Receive Data (RD) Data from DCE Receiver Input Thresholds
4 Request To Send (RTS) Handshake from DTE (data and clock signals)
0 level +3V to +25V
5 Clear to Send (CTS) Handshake from DCE 1 level -3V to -25V
6 Data Set ready (DSR) Handshake from DCE Receiver Thresholds
@ Signal Ground Reference Point RTS, DSR, DTR
for Signals On level +3V to +25V
- . Off level Open Circuit Detects Power
8 Rgcel\ ed Line Handshake from DCE or -3V to -25V Off Condition
Signal Detector .
i at Driver
(sometimes called
Carrier Detect, DCD) :z«s:'esl‘vaegclgpul 3K0) to TKO
1 Printer Busy Signal Handshake from Printer
20 Data Terminal Ready Handshake from DTE DrverOtphtResistance,
power off 3000 Min Vour < 22V
22 Ring Indicator Handshake from DCE condition ¥ . OUT =

Driver Slew Rate 30V/us Max.

3k < Ry < 7k
OpF < C <2500pF

Signalling Rate

Up to 20kbits/sec.

50715 m.
Recommended
Max. Length

Cable Length

Longer cables
permissible, if

Croap < 2500pF

Vzo GND Tiger Ry

007 .
(1829mm) V¥

1 0

Cm V= Taur Ram

[t g

13 045mm)

MAX231, MAX232 and MAX233

Note: Connect substrate to V*.

Tigur
T2gut I T3gu1
-1+

__ Chip Topography

Tagut

R3gur

y* C2+
C+ O~
| gug

| 1351 mm}

MAX230 and MAX234-239, MAX240, MAX241

Notes:

1. Shutdown pin of MAX234, MAX237, MAX238, MAX239.

MAX240 and MAX241 are internally connected to ground.

2. Connect substrate to V*.

Maxim cannct assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product No circuit patent licenses are implied.
Maxim reserves the right 10 change the circuilry and specifications withou! notice at any hme.
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GENERAL ‘DESCRIPTION #5553
The ICL7108 is a high performanee CMOCS; ’Iaw&power
integrating A/D converter designed to easlly mteﬂace with
MiCTOprocessors. o
The output data (12 bits, polarity and overrange) maybe
directly accessed under control of two byte enable inputs
and a chip select input for a simple parallel bus interface. A
UART handshake made is provided to aflow the ICLi7108-t0
work with industry-standard UARTSs-in providing serial data
transmission, ideal for remote data logging -appiications.
The RUN/HOLD input and STATUS output allow monnorlng
and contro! of converswn timing.
The 1CTF7168 providas the user with me:maﬁ adtufacy,
low noise, -low drift, .versatility - and -economy6{the-dual-
siope integrating A/D converter. Features Yike true-ditferen-
tial input.and reference, dritt of tess than 1. V/2C,-maximum
input bias currerit of 10pA, and typical power consurnption
of 20mW make the ICL7109 gn attractive par-channel _alter-
native to analog multiplexing for many data
plications,

ORDEmhié lNFORMATlON

AT [l O :-, Lo
ESRRES i sr
S, onnFeme ot e - g
*.12 Bit Ehnrye(PJusPolaﬂty and o\rerrange) Dual ‘h'n" 4}
- Slope integrating Arnalog-to-Digital Converter’ = #77
® Byte-Organized TTL-Compatible Three-State‘-Outputs
‘nd UART Handshake Mode tor Simple Paratlel or '
‘Serial lnteﬂacing to Microprocessor Systems e
* RUN/HOLD Input and STATUS Output'Can Be Used' 4
-to Moniior and Control Conversion Tlmlng :
® True DMerenﬂal lnput and Diﬁetenﬁal Heference
¢ Low Noise — Typlcally 15pV p-p
© 1pA Typical input Current RSP
® Operates AtUp to 30 COnverslons Per Saeond
® On-Chip Oscillator Dperates Mthﬂnexpanslv&.. :
. 3.58MH2 TV. Crystal.Glving 7.5 Conversions Per 5
. Second fof 60Hz Aejection May Also Be, Used L With . -
An RC Network Osciliator for Other Clotk . P

~.aaf
1

(See Figure 2 for typcal connection 1o a UART or quooomwter

*Rat = 20ki) FOR 0.2V REF
- - 200kf) FOR 2.0V REF

Part Number - . = e T -’Temp. Range .&t7 e
=3 ICL7108MDL ‘-_-55‘C,t9 +125°C > -
.~ 1CL7108IDL =25°Clo +85°C - 40-P|n CeramchlP )
_JoL7108L —25Cto +85°C 40:Pin CERDIP ~ ™"
- == - |OLT108CPL ~0°C'to 70°C = 40-Pin Plastic DIF ~ -
e ; \'\: o )
H -
. TOP VIEW s et e
GND . -
H I'v' \REF 18-38 P -
HIGH T ' REF CAP—38 DIFFERENTIAL
ORDER COR .. ° . REF-CAP +37| i =3¢ ¢ *REFERENCE
eYTE JHS812 . | REFINGP———gr——ret - .
ouUTPUTS 88117 T Ui 1 3s P AVVA—C INPUT HIGH
78%0 70 N LO 34 1) INPUT LOW
8B9 L TETT COMMON 33D o GND .
8B iciyws, o 7uNT [l
10 87 - - az nf] R
Low 1 (J1186 ST BUF 90—ty
oRoex | 12 88 REF OUT 20— 2% REF IN —
13 84 . SRR oy 3V -
outeurs | Jiams “SEND of B S ———onEF N+
- L 1582 ~ee = QUNIHOLD 281 -~ onl = oo ree il - y
1€81.: . guroscour s v+
B-:i: 17 TEST OSC SEL 24 ;}-—m 1 1}
8 LBER osc out B3P~ : -
CONTROL . OSCiIN 220} 35795 MH2
INPUTS © MODE 21 l g‘w CRYSTAL

0335-1

A

HARRIS SEMICONDUCTOR'S SOLE AND EXGLUSIVE WARRANTY OBLIGATION WITH RESPECT T0 TMIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE

Figure 1: Pin Configuration and Test Cireuit

CONDITION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUED OF STATUTORY, INCLUDING THE IMPLED

TIES OF MER JTY AND FITNESS FOR A PARTICULAR USE.

NOTE: All typical vaiues bave been chamcierired byl o not tested, 3-24
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2 zABSOLUTE' ‘MAXIMUM :RATINGS-

-.-».aﬁe.@mszm

L TR ot R

T OSRERD QA TIE

"

‘NCL7409

[

“Positive Supply Voltage (GND t5V+) 7270 00. 0 z o
.+Nagativa Supply Voltage (GNDto V=) -... veeiaie ai'_‘t-a:aﬂW‘G?BS'C
Ambghnnyonagaﬂ.aozﬂ)(uatu)..m_.ytmv .A___Elastmmckage . -SOOmW.@:hZO'C
Rmh;pmvwageﬂ.oorﬂj)mote‘l) .t...v.'!:,tov =3 3z5"Operating Temperature - . - P T
input Voltage m— — -+ 'eav————eeramPauagawL) .......... 55'.cto—+125°c
:(Pi'szzn(NoteZ) ?,.._,:......3:,..'. ...... GND 03V  ~-i60: ‘Ceramic Package (IDL). ......,..,.mdf-zs'Cto +85°C
5. 4 - Ov ot 2r 5 Plastic Package (CPL) .. L LEPCI0 ¥ 70°C

LT ﬂ,-,,_ T ; . .. Sforage Tempefaturé - .. 7 —BSCt5+150°C
o E R g St o et ~Lead Témperaure (Soldering, 10s66) 5., . . 8300°C
mmmmwm*“ kit A 0" MBY CaUSO PEIThar: amag mnmmammmmw
vpumdmaavuarmyﬂmmmmmhmwmdmmmbmm%sﬁaﬁmm

- ETSETREN Fating condibions Iaraztandad periods maﬂeamraﬁabﬂiv ;
"ELECTRICAL' CHARACTERISTICS*-(W;%V__;\(,,
‘othérwise indicated.). Test circiit as shown on first page of this data Shieet
ANALOG SECTION | i et

[al)

: 3= oo

IR

13

V- GND=0V TA=25’C1§13(=-3:58MHZ;1Ness H

ST et RN

ee : CepinoviHmel oA
[Symbol| ~~Parain a'ﬁ?—"‘f‘ Tt z
ViN = 00000V 5,0 gt bpriize - Py SRS R
- eadmg___w e A B Sy e} —~0000 | 0000 0000_{.Counts .
Zoo Inpin VREF = 2048V B
- | RatiometiE ERGH4Y, Vin = Vg = 2048mV < X ST G E
. W I ——— IR —_—
] = e -
_ Non-l.meanty gMai‘aeﬁahon FullSw] 409 6‘tho'2.D48V' RN PR oy c
e frombaststalghthneﬁt)-—a-- 0verﬁﬂloperahngtemperahue—--—-— - - E
. R ek range. (Note 4), (Not&'6)-~- ~icv - = il IR
_ |F Roll-uver Error (diﬂerenee | Full Scale=409.6mV fo 2.048V Lo —_-
mreading forequalpos.and (Nates) (Note 6) VA D2 . .

neg. Inputsnearfullscale -

VERTEIV, V|ﬁ‘=’0V“‘__""'__"-

CommonModeRe}echouRam Eull Scalow 409, 6my._ (280 ; _ ARl
| Input Common Mode Rangg™. hpxﬂl_fylmmuw;l bty = + AT

| Noise (p-pvalisgnot g o2

v FESQYITEMLE B avegs gult % qurtats! A3

Lamdigesiag o o

v e n’m‘“; ¢ byrecs i . il i -
axobeded 5% of i oo™ R T YR e s AP fasetdis by,
- L "'"‘;—-—T—— Vm=0AlI devices S 2B o Ty o
|l Loskage curentat o < 1G171090PL G TAS 4 CECANOIS 4).
licL7109iDL —2905sz%5°c1Nown)
T e ‘| 1cL7100MDL - 55°c$rAs+1zs°o-—
Zero Reading Drift . .| ViN=0V Ry =00 (Nota 4) ; -
Scale FactorTempetatma“" TViN=408.9mV= >77703 - )
- T
+ SUPpNCunen}Vj to-.; -~ |ViN=0,Crystal Osc .
GND - 3.58MHz test circut - ,
lsupp | Supply CurrentV+ to V= Pins 2-21, 25, 26, 27, 28; open | 700.] 1500--] pA.
o fit i | Referred to V+, 25k <¢ ¥ ° o o
Vrer | Ref Outvatage ., | A REFOUT..... . . | T24_| 28| =32 | V
Ref Out Temp. Coefficient 25k} between V+ and REF OUT 80 ppmrC

e W e Nt

LT TEAETESY: SR CYRN BmeEy Bl WA a5 A




. BT L A S RERS ¥ o b ¢

. g A s - 109 5.
[ o 7 '«Ejsf t E., = Coenizatine o
: "ELECTRICAL :CHARACTERISTICS (v+=1+5v, v—=-svmgsm.;;&“=z§~gmzaasmm '
! Mmted)TamMasshownonﬁrstpagegtﬂ&mum(Cmm ;

PR 3 ‘))-‘3’1"\"%-_'.

P B e )

Joui [roaype Naar ] =it e

wof dour=H00pA - vnr - ol el gy u N ﬁg—;qj
Ko aefs oy on ] - Darglfrge

{*=Pins2:16,18,19,20 7" ~ange

Tl & 7 . T =
Jour=1.6mA
- 4=Pins 3-16 high impedance -
-Pins 18,19, 20 Voyr=V+*
" MODE input at GND

"E\TPM‘IBEB——Pmﬁ(Notth, ,
Pins1821,26,27 - ;g tanle

| —retermred o GND .- — . r.co. T2oi saae]

~— |- Pind 7801, 26,27 . ~ - b
- - | v referred o GND )
' snpmpun.upamem-.;'f-;'—f —Pins 26, 27vow=v+«-3v A=l
‘ "’hp&t?tﬂi-up&n-r'émd-—i--——— ~Pins 17, 24 Vopy=Vtay_
A e ;ﬁnpmm;-downammu-._..__mm Voi;;réGND+3 b I o
—OpH e - Dscliator Output - | High | Vot j
Oor. | o] Cument © | Low | Vou
"BOon | | - Buffered Oscillator | High
) —13caor‘~‘—"~j~»—ouzpmcumam~ ~1-iow-1-voyr=25V -

"W = 7| ‘MODE Input Puise Width _
NOTES:1. Mvu@g&mmmmmwmmmws&ﬂmﬂbt1mﬁ P .‘-,‘“ i '
.-._znnmnnsmmmhmummmmmmm dighal Inputs or oxtputs to voltages groater than ¥+ |

ummmmmmmmhmmusWMmmmemmsmm
Yy mpplybeappseummemmsmmmsmnmmmmmmmmmwmmaﬂmwmm

A This parameter & not production tested, but is guarenteed by design,
S.Ron-ovarmfwTA=-55‘cm+1a‘Cls 13 counts maximum,
#3 6. A full scale voltage of 2.046V isaised because @ full scale voltage of 4,095V
= 7. For Cerdip patkage the Ratometric emor can bg—24 (Min).
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 (Léast Significant Bit)

. anutl-ﬁgh-—NonmlOperam

mmameesanbhmmmghﬂ-“

Tuehgh if not used. -

ﬁNote.TNs[nputlswedtoﬂestpwpwesorﬂy

P i s ST ABLE 1z Pin Assignment and Function Description ——-- - ST
Pin | Symbol Description .. |Pin]  Symbol Description -
1d.G_ND___{_l}gipl_G_mmd.0Verndmmfualldigml 2t |{MODE | input Low — Diect output mode where

e s e smetlee b o | CETIORD (Pin 20), HBEN (Pin 16) ang TBEN
2 smws—.amwghmwmwmm .. (Pin 18) act 3 inputs cirectly controling byts
2wt * 9| -inill datrislatched. - i .
“'—ﬁanpn lmenanamc'gsemn ﬂmo r T mwm—mmm
Low Bin .., | into handshake mode and output of data es in
Zamconﬁgmaﬁon I 10, . ;
3 .| poL = |-Potarity = Hi for Positive input. - S mg" Erﬁgh—mm(meo).__
4 |FOR =" | Overrange =~ HI if Overranged. — —— e F@(Pms).mm' ﬁ(:;;:)as anc
A R “_ | T I T | outputs handshake entered
5 | B12 ‘ Bitjf (Mﬂo.uSignlﬁmntBn) S P! i _.w;;__nmmmpmswsmmm
6 |B11 o pBriT {- - !
7 | 810 gm0} T
8 BrS

GS8 IN, DSC OUT, BUF OSC OUT as RC™:

Voscillator — cloci will bo same phasd ]
dutyeydeas BUFOSCOUT,. ~ |
— Input low configures OSC IN, OSC OUT for
erystal oscillator — clock frequency will be
1/58 of frequency al BUF OSC-OUT.

BUF OSC OUT

e

Bufferad Oscillator Qutput=—""="":-

8%

RUN/FOID _

Imﬂkﬁgh—mmmmly
performed every BY82 clock pulses. -
Input Low -~ Conversion inprogress "*_
completed,wmmwiﬂaoplnmm7
counts before imegrate. -

18

: amvatesloworderbyteunpmsm —-Bs. P

"mﬁt’hMode(Pm21)rdgmmspinmas
M%ﬂagbummusedhhds}m@lﬁé'dw

| -See Figures 8, 8, 10.

High. Byts Enable—With Mode (Rin 24) lowjT T | 5.3

| it —Used mmﬂslnkemw

- ability.of an demetoawaptm
| ConfiseTto ¥ 5Vif ot lised. S~7 & ¢~ 13-

e egu}ogNegaﬁvesxxpply—NWSV .

| &eFiguresB.S 10.-.

“and CE/LO, (PInZO)m*lakmgtfnspm!ovr—

activates high orderbylebmputsBS ==B12,804,

“Chip Efable Load — WMMode(Pm'n)lovi o
CEFLOAD serves as a master output enable.>
‘When-high, B1‘ B12 POL, OR oumutsarav
disabled.~

- With Mode (Pin 21) high, s pin serves asa

.- !oadshobeusedinhandshakemode.s.ee -
A anuresB 8, 10. L

“._. L. | with 1nGND (Pia 1).
(REFOUTT (R
30 } BUFEER. ... ;] IR
§ 83+}-AUTO-ZERO—] Aub-ZeroNodo—hddeloﬂotcAz-————
32 | INTEGRATOR lmagmwrmmq-mmmm
33 | coMMON Ana!ogCummn—SystemisAMo—Zemedto

Azt fHefevér;c‘éCapac&‘brNegahve N

. PosiﬁveSupp!yVohage—Nomlnany-i-sV
" | with respect to GND (Pin 1).

NOTE: AR iypica! vabias bave besti chamctarized but ere not tested.
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Analog Section
7 Figure 3 shows the

‘equivalent urw!t of the Analog Sec-
tion of the ICL7109, When the RUN/HOLD input is left open
or connected to V +, the-clrcuit will perform conversions ata
rate determined by the clock-frequency (8192 clock periods
per cycle)—Each measurement—cycle-‘sﬂmded into-three
phases.as shown in Figure:4: Thiéy are {1) Auto~Zero (AZ)

(2) Slgnal lntegrate (INT) and (3} Demtegrate (DE)

NOTE: A tyowca! values have boen charsctorized b ave not tosiad.

Auto-Zero Phase .-
: During auto-zero three things happen First, input. high
and low are disconnected from their pins and imemally
shorted to analog COMMON. Second, the reference capaci-

toris-charged to the reference voltage. Third, a feedback:

foop_is_closed around the system to charge the auto-zero
capacitor Caz to compensate for offset voltages inthe buff-
er amplifier, integrator, and comparator. Since the compare-

tor is included in the loop, the AZ accuracy is limited only by,
the noise of the system. lnanyeesa, the oﬁsetreferredto
- -‘thempuns leas than 10pV. - - .

LG EYESR - o : 4CL7409 -=
-

F,‘ Laniundi4 ‘- 0‘;:{;3!1"‘*‘!’7“‘ 2wy —’ 5 ‘
e S——— - 2
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Flgures Analog Sectlon‘ E ‘.re e .
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] 2k 2 VF L g
INTERNAL S

Slgnal lntegrate, Phase '.»;- o

+ During signa] integrate-the auto-zero: Ioopﬁs opened, T

interna! short is removed and the .intemal high,and;low in--

puts are ponnectedto the extemal pins. _,The c%nver‘tj’er then:
1] 1

ential voltage must be)
the inputs. Agthe g o‘f this;

WEMWWMWWMMMW

e e A e . e e A1 A s o s Gl S e ki e

crossmg (estabhshed ln j4‘\1:14)291'0) with 8. fixed slope, Thus
the time for: the putput 40,teturn fo 8l presented oyt the
nimbér :;1 clock pefiods-counted) s proportional 10 the |n-
* put signi

ErCag )
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BorTaL ‘ ACLT3109 -

Differential input — ' o= =T educed-further<Thiswilincrease-bothmoiseand ollover <

1 The input can accept differential voltages anywhere with- - emors. To improve the performance, s:.tppﬁesoi:tav:nay
jin the common mode range of the input amplifier; or specifi- beused._____ ... yomo :

scally from™1.0 volts below the positive supply,10-1.5 voits . Integrating Resistor -~ _ ___ ___.. Z
sabove the megative supply.dn‘this range thesystem has a -_T_Bohll'sébﬂﬁeramﬁﬂﬁerand,tﬁehwgmmrfmvenclassA 31
‘CMRR_of 86dB typical. However, ince the imegrator also ——output stage $ith 100uA of quiescent curent, They supply g
1gs with the common mode-yoltage, carafiust be exer- - 200t firiveiGamentwith negligible non-inearity. Ihe inte- ;
dsedtcmtrﬂhehﬂgamnutpmdaesmtsamtaA »gra'angmsistor.shouldbahrge enough-to remain- in this =
worst case .condition .would’ .be,aJarge -positive icommon. .. hsvery:ﬁneaue@on over the input-voltagéirange, but small 7
jmode voltage with a.near fullecale negaﬁve differentiat-in- \ . enougirthat unducoakage requiremants are hot'placed on “i’
:put voitage. The negative § input signal drives the integrator ~the_PC board. For'4:096volf<full scale, 200k{}-Is near opti- 3
ipositive when nwstofnsswhga\asbgen used upby the -~ mumandshnﬂaﬂya“zomimaws.smv scdle, For ather H
ipositive common mode voliage' For dhese critical applica- - -- - —values of full scale ‘\mltage. .lelshouldbe chosen by the i
{tions the integrator swing car bo:Fi sfediced 10 155 Than the”"”‘relauon : e ]
irecommended 4V full scale with some‘joss ot dcciiracy. The _ - .
ii or putput can swing within' Oaaoltsnfshhersupply TR mf'=—'———-— i g
mhoﬁloiséf'ﬁnsamy I re‘:& % ;—-3»« o [PPSRt ) ;__ZOMA—-—amwm-\ i E
I TheTCL7100has, hmuver, been optimized for operation integrating Capacttor . & & | #
iwith analog common near, digital ground. With:powerisup- _... .. ~ Thelntegrating WW"-@SB{W to give :
plies"of.+ 5V and_—5V, this allows a 4)/ full scale imegrator ... the_méainum jptsprator. output voltaga swing Withat.satu;
jswing posiﬂveormahve-ﬂmsmanmmng the performance — ng the integrator-(approximately 0.3 volt ffom stther-sup; .
iof the analog section. ! ply). For the ICL7109 with +6 wvoit supplies-and - analog -

‘ common connected to GND, a 3.5 to 4 volit integratof -
Differential Refml!ce f output swing Is nominal. For 7-% conversions per second
l The raféroncs vohage can be 6 gefiergte anyvih'e‘re‘ﬁﬁﬂr? —— —{6T.72KHItiock traqUcricy) &S provided by 1hs crystal oscl;
[the power supply voltage of the converter. The main source _ - lator-nominalwalues~for-Ciyy_and Caz are 0.15pF anci
wf common-mode emor is a roll-over voltage caused by the P —9 33uF, raspectve‘!ydhﬁﬁerem dock frequandesare used.
eferencecspautorlosmgorgﬂnlng charge to stray capaci- - & —ithess values shonld- -bechanged to mahmin‘ﬂ-ne'imegrator
ﬁy on dts nodes. i there-is a large common mode-voltagevﬁ?»ﬂ"\oum'msatageswingjn general,msmﬁe—ﬁ Cin s glven
e fﬂg@g@m@UﬂWﬁé‘ﬁ@a§ﬁo&ge by e
fwhen -called up to Usimegrate a positive signal but lose i : (ZMBXdockpenod)(zdﬂA)
tcharge‘(decfease voltage} when called up to deintegrate | a“ L5 mtegrator output voltage swin ol
‘negative input signal. This difference in rqierenee Jor4+) or... e g 9
{—) input voltage will give'a roll-over error. However, by~ .~ “ARaddtional requirement of the integrafing capaci’(or is
selécting the reference capacitor4args.enough in compari-~—. __ thatit have low dielectric absorption ta prevent rol-over er:
son to the stray capacitance, this:efror.can be held to less  —-0rs. While ottier lypes of capaditors &re zidequate for this

LS ;
R S AT

Y

wWorst ¢ mfmo licaﬁorc'poryprobyfene capacitors give undetectable er-
;h;::sssﬁeu&t;:r :;leow) - Gaie:f i " (see Gompo?e:“ =¥ rors'dt réasonablé cosf Up 10 85°C. For the military tempera-
. The roll-over eror from these so&miswmrﬂmxzed by« &' g:r meﬂmmmmx;nﬁmmi
:‘a"‘ggmg';f'fm O s YoMage Moar O 1 &N .. .from umitfo unit, selected devices shold give less than 0.5
o8 N - _,,,,,..comt.bigrror due to dielectric absorption. e
‘Component Value Selectlon——-l ‘ MQZem-Capav' citor= "
, For optimum performance of the analog. section, .care._. ~The size.of the Buto-zero capacitor has-some Infiuence
imust be taken in the selection ofVaiues for the mtegrator #7ign the noise of the'system: a smaller physical size and a
‘capacitor and resistor, auto-zero-capacitor; reference volt- larger capacitance -value lower the overall.system .noise.
‘age, and conversion rate-These values:must be chosen to 7 2sHowever;Gx7 cannotbetincreased without limits since it,in
sult the particuler application275 Cide dn 38 7 - Lo < 1¥paraliefwith the integrating capacitor.forms, an R-C time
' The.most important consideration is that the.integrator eonstam that determines the speed of ecovery from over:
output swing (for full-stale input) be:as large-as;possible. ., r‘,.,loa mo{a dmportant the error that exists at the end ot
ot example, with +5V.supplies ahd:COMMON connected ™ $ero"cycle: For 400.6mV, full scale where noise is
to GND, the nominal infegrator outplt;swing.at full scale is — -.verympom;and The integrating resistor smell, & value of -
+4V. Since the integrator output can 66 10 0.3V frorh either Az tWice iy s optimum. Similarly for 2096V ull ‘scsle -
supply without-significaritly affetting tinearity, & 4V integra- Whgfg‘mobvery”asﬂnore‘ﬂﬂpomm than’nolsé, a Walue of
tor, Gtttput-swing allows 0.7V ¥or variation$ in“Sutput ‘swing BQUIAI0 hal T Gy s recomirhented &1 N7 ic” -
due- fo ‘component Valiug dnd-gsclllator” tolerances.” With "‘For Elettion of Stray pickup, th3 puter oil of Caz
'+ 5V stpplies and a common mode rarige b?&jvfequ:red should‘be eb 18 W the'R-C summm 'junigtion"and the
the component valugs should be"selected toqpiov‘nde 3V er foll to'pin 33:“Similarly the vuter ol | of d'NfE sholld be
Integrator ‘Sistput” sw'hg."Noiseténd follovér errors Will be ‘nhected‘td pin 32 and the inner il to'the R ‘s'\lmrnlng
slightly worse’ thah i the + 4V ¢ase.- For fargér common function. Teflon®; ‘of equivalent, capacitors are;ecommend—
mode vbﬂage'rames% i egfﬁtt;vll’ )glgpm) Swing fpys}n 139 ed above 85°C for their low leakage charatteristics:

mmtes T

E

Ve T

NOTE: Al typical walues tave boen characterized bl are st testod. . LT LT e O T MIDOIE. P GNRN TSN T T
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ROFTINE ICL7108

‘ReferenceCapachor——- e ~Note that-if-pins 28 and 39 are tied together and pins 39
;A1 citor gives results mmsfwwﬁm «and 40 accidentally shorted (e.g.,-during testing), the refer-
HUWSVF:Y.%W a large gr:fg:ence common mode voltage . . 2Nce Supply will sink enough current to destroy the device,
exists (i.e. the referance low is_not at analog commen) and:. . Hﬂscanb_ejvoldeﬁdbyplamngﬂkﬂre&torinsaneswhh
2'409.6mV scale is used, a larger value is required to:pre- - PINgR: S :
vent roll-over.error. Generally 10uF will-hold-the o ——— N :
error to 0.5 count in thisinstance. Again, Teflon®, or.equivar.<z.:: »D.ETA“‘ED DESCRlPTION o
lent capacitors shouldba;usedfortampqrgmrssabwgajg_w pigital Section = . A e
for their low leakage characteristics. L o Thad'gnalsechonincludesmeclockosciﬂatorandscak
Reference Voltage [T T ing cirult; 8°32:bit binary counter with output latches and
i The analog input required to ganerate a fuﬂscaleoutput' —..TTL-compatible” threa-state output drivers, polarity, over-
of 4086 counts is Viy=2VRer. Thus for a normalized scale, range and contro! logic, and UART handshake loglc.

a reference of 2.048V-should be used for “a-4,008V full "~ ~ ““shown in Figure 5.

scale, and 204.8mV should be used for 4 0.4096V full seale. . . ,mroughout this descnphgn, logic levals will b tefen'ea to
However, in many applications where the A/D. issensing_~_ as “low” or *‘high”. The actual iogic levels are defined inthe
1he- output of a-transducer, there will exist ascale-factor ~~ """ Electrical Characteristics Table. For minimum power con!
other than urity between the absolute output-voltagetobe .. sumption,.all Ainputs should swing from GND (low) to V+:

‘measured and a desired.digital output: For-instante, in 8_ ... ‘ (nigh). Inputs driven-from TTL gates should have 3-5kQ
weighing system, the designer might like to hays &'full scale 2 == : pyliup resistors added for maxhnmnmse immunity,. |
reading when the voltage from the transducer is 0.682V. eyt :
instead of dividing the input down to 409.6mV;-the mmput —~ MODEinput’

voitage should be measured directly and a reference volt- Ten The MODEanut is used to control the output mode of the
age of 0.341V should be used. Suitable values for integrat- =5 - converter. When the MODE pin is fow or left open (this input |
ing resistor and capacitor are 33k02 and 0.15uF. This avoids - is provided with a pulldown resistor to ensure a low level
a divider on‘the input.. Another advantage of this system ot . when the pin is left‘open), the converter is in its “Direct}
occurs when a zero teading is desired for non-zero nput’® 7" output mode, .where the output data is directly accesslble
Tempstatiire_and weight_measureniénts with an offsat’ o;:“__,_"under the control’of the, chip and byte enabie | mpuE]Vhen :
tare are examples. The offset may be introduced by con- the MODE input.is. pulsed high, the converter enters the -
necting the voltage output of the transducer between com- UART:handshake mode and outputs the data in two bytes,
mon and analog high, and the offset voltage. between com- = then returris to “direct” mode. When the MODE input is left
mon and analog low, observing polariﬁes carohully:} Howev- - high;-thé@ converter will output data in the handshake rmode

er, in processor-based systems using the. ICL7108, it may ..— -~ at the end of every conversion cycle- (See section entnled
be more efficient to perform this type of seahng or taresub- T “HandshakeModa"ﬁor tnrtherdeta!ls) i

traction digitally using sofiware. =T i . :

Reference_Sources SRS S STATUS Output

: .., During a conversio cla, the ST ATUS o u? oes‘hx n
. Thestability. of the reference voltage is ama]’or factor i at'Dthe bggmning of s,gﬁ lntegmte (Phase ll‘)“fpandggoes Igw

the overall abSolits ACCUracy.of the convenefThe.resolu: —gng ait-ciock-period-aftornew-data-from. the. chrersiori
tion. ofthe_ICL7100.at 12 bits.is on in ‘mv—“—‘”'hasbaenstorea*mhe oistput tatches. See. Figure 4 for ded - - -

244ppm. Thus it the reference has a temperature coefficient tails of this timing, This signal may be used as.a 'klata valid’
of 80ppm/°C (onboard reference) a temperature difiérence - fiag (data never. ,changes while STATUS is. Iow) fo drive i&
of 3°C will introduce d one-bit absoluts e.’f"L..".'!‘l’i‘SEQf"‘h “errupts; r for monfioring the status of the converter. P:"'
~-Forthis-reason; it isTecommended-tha Oum :

quality reference be'used where the ambient tempevanxre is RUN/ HO]-D Input=orr 2w

not controlied-oriwhereh gh-accuracy -absolite ‘measure> “"When' the RUN/HOI'_ﬁmpbtis higl'l,‘dr leﬂ open"xhe cir‘
ments are being. made"' o DAL Dr" cuit wﬂr'conhnuous\y perform iconversion cycles;updating
* The ICL7100" provides REFerence ouTpiit’ 6,5, the output fatches*afterzero crossing during the Deinte-
which. may-be used with:a resistive divider-to generate: 'a grate (Phasd )ll) portion of the conversion cyéle (See Figure
suitable reference voltage, This output will sink up to-about 4). In*this yidde of operatiori;:the conversion:¢ycle will bé
20mA without significant variation in output valtage, and is performed in'8192 clock penods. regardles of the. resulﬁng
providled With & “pullup bias, device ‘which. sources about value; -+ T igesE o, ‘
10pA; The oitput voltage'is “nominally 2.8V' below V+ -, and i RUN/HOLD goes low &t any time during Deintegrate
has a temperatire coefficient of +80ppm/:C typ.Whenvs- (Phase:llly-after.the’zero brossing has-occutred;the- circuft
ing the onboard reference, REF OUT (Pin 29), should be will: |mmedlately terminate Deintegrate and jump to Autd~
connected to- REF=. (pln 39), and’ REF+ should be con- Zero:This feature can be used to eliminate the time"spent in
nected to tha wiper of a precision potennometer between Deintegrate ‘after'he zero-crossing. if RUN/HOLD ‘stays-or
REF OUT-and vt The eireuit for a'204 8myY reference is goes low, ‘the "converter . will ‘ensure . minimum™Auto-Zero

shown in the test: cireuit, Fora 2.048mV reference the fixed time, and-then'wait in"Auto:Zero until the RUN/HOLD- input
resistor. should be removed‘ and a 25kn precls:on Eo - goes high.“The converter:will:begin the Integrate (Phdse If)
j+ portion of the next conversion {and the' STATUS output wili
go high) seven clock periods after the high level is.detected
at RUN/HOLD. See Figure 6 for details.

NOTE: All typicai vaiues have beon characterized but 676 not testod, R Rt L R L ATV e o
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. Figure 6: Run/Hold Operation -~

Usmg the RUN/FOLD input in this rnanner allows an
easy";convert on demand™ interface to be used.The-con-
verter.may be hexd at idle in auto-zero with RUN/HOLD low.
When RUN/HOLD gees high the conversion-is started; and
when the STATUS output goes tow the new-data is valid (or
transferred. 10 .the UART —-see ‘Handshake -Mode).: RUN/
HOLD may:niow be 1aken low which terminates deintegrate
and ensures a minimum Aulo-Zero time -before the-next
conversig b

Altemately\HUN/HOLD w.n be used lommrmze conver-
snon~t|me“byx ensuring that it-goes fow during Damtegrate
after zero -crossing, :and goes high-after the he hold -pointis
reached: The required activity on.the RUNHOLD énpuit can
be_provided by connecting it to the Buffered Oscillator. Out-
put.-In"this-mode the conversion time is dependent on the
input value measured. Also refer to Harris Application Bulle-
tin. A032 Jor- a discussion of the eﬂects this :will have on
Auto-Zero peﬂormanee., S : ;

S

=i the RUN/HOLanput goes Iow and staysﬂow dm'mg
Auto-Zero (Phase l), the -converter will simply. stop-at the
énd of Auto-Zero and wait for RUN/HOLD m,goidgh As
above,.lnwgrate {Phase 1} begms seven clockpenods aﬂer

- When- the MODE pm ls left atalow lewvel; ‘the,dala oulputs
(bits‘l throughi 8 low, order byte; bits 5. through’ @,mmw
and over.range high. order byte) are. acoess‘ble \inder con-
trol 6¥-the byte'and thip’ énalgjemrmmals & ‘inpxﬂs.
three inputs:are allacﬁve {ow, and are providéd with’ pullup
resistars 't ‘efisure_an’ inactive high level when 1ft opén.

Schip, eniablel input. i “low, taking g-byte .enable
inpiit low will a|[ow thé_nutputs of that byte topecofrie active
(three-stated on)']l‘h‘ls allows' a variety. of pé;a!!elm -
cessing techniques 15 be. use& Shown inthesection énti-
tled “Itetfacinig™""The timing’ Jequlrements Tor these out-
puts are shown in Figure 7-and Table 2. .= . -

M%MM“""’ . .

s A




TRCrYAT 4CL7109

+——<Table 2 Direct Mode Jiming == ~— —~=ICL2108 provides all the confrol-and-flag-signals-necessary
Requirements mu transfer m:n bytes oi'odata iﬁ;r; the UABT and

B transmission serial form. glaatly
{Seo Note 4 of Electrical Characteristics) the taisk énd feduces the cost of designing remote data ac-
quisition stations using serial data transmission. ,
SYMBOL| DESCRIPTION |MIN|TYPI|MAX|UNIT| Enyy fifo the handshake mode.is, controlled by the
Enable Width- 5201°  1-ns L—Mons—pwwmn-meuoos-tsnmwsheldmh.m
|tz | Byto Enablo Wiat (8020 Iw - IGL7103 wilk enter the handshake mode afternew data has
toAB Data Access Time- | —=1-Zem-aep 1= | —— been stored in the output iatches at the end of a conversion
AB” | from Byts Enable | :° 1 (See Figures 8 and-8)—TheMODE:terminal may also bs
SRR = useﬁ'xomggeremryintotmnandshakamodaondmwd
oA nG_Quring. mejonﬁaomdamm to high

i
i
e
1
©
E )

"

-

=z f .- \DHB =
cEa
toac.

ip Enabte ™~ 1== ] : s, converter~ts hnhe handshake—mode, MODE input is
from Chip i - — ~——ignored, and although conversions “will still*
Data Hold Time_: = el Gyl data upgating will beinhibited {See_Figure 10)-until the con-
toHe trom Chip Enablese{ 2 s~ { . | "1™~ verter completes the oulpuu:ycleand clears the handshake
e EORTE - R E

z - : : . ——— When.ﬂaesonvederentersihehandshakenmde.mwhen :
T e the MODE input is high, the chip and byte enable terminals
e ) e e ol e become TTL-compatible outputs which.providethe control
AS vyt I e Whotaend sngna'fs for the output cycle (See Figures 8, 9, and 10). !

B Rt B sy lnhandshakemode,iheSENthutisusedbyfhecon— E -

FET ] — venerasanlnd:caﬁonoftheabmtyofmerecewmgdevws

‘""‘"W-‘L_..J - & T (such.as a. UARDtoaeeept data. ket -
- -—-—Figuras shows the sequence of-the-ouq;ui-cycle.wim
i j o\ b Y/ - ~SEND~held- high:The handshake-mode{intemal~ MODE

0D

_high) is-entered eftér thé data latch pulse, and-since M
.--~remains high thaCE/LOAD, LBEN and HBEN terminals are
active as=outputs._The ‘high. levelrai: the .SEND*input -ig
sensed on the same high-to 16w intemal clock edge that
- r.mrminatss-thedatalatchpulsa Onmenexﬂowtohlgh
-]« -intemal-clock' edge-the TE7LO) .
© assume:; a lovr!evel and the high-orden byte'(b'fwetrmu
- 112 POLTund ORY butputs are enabled’Tho CEZLO. AD out;
=% put: rema!nsJ ~for"ona Tull intomal clock:peiiod:only; me\
e, Sa5E ol main active for 1:14 imm:dxkpeﬁm
= h @ enable remains’ low fortwolclock peﬁods‘
'LOAD outpuilow: evelcu‘low.tnmguedga
ltshowdbenotedmatmesacomlhxpmsaremm maybmlsedasasynchm jhal to ensirevaliddata) -
nous with respect to the converter elock — the.data may be” =™ and"iHe" byte énable:as an-output Mmay. beited.as abytd -
‘accessed at any time<Thus-it.id-possible to access the— — Identification flag; With"SEND. rém: h-the:converter-
ilatches while they are being-updated;-which cwid.&ead to- ——completes~the output-cycle: using<CE/LOAD.énd+ B )
‘erroneous ‘data. Synchronizing the: access-ot-the.latches. - while' thé low.order byte outputs. Toifs through: 8)-are acb- -
jwith the conversion cycle by monitoring e STATUS output_ ___ vated. Th?lﬁﬁa‘slﬁfé ﬁa’“ sterminated when both bytes - -
Mill prevem this. Data is never-updated-while STATUS 15~ se_r13,‘,4_-’:t.~ . Dot EEhLR R CRNETEML miTey
(low T memET """?"n.__.:‘_..._.n!-'igureg 'howsanoufpufsequencewhereﬂ'laSENDmi C T
Handshake Mode ' B Rt P«put:s-usedto-ﬂelayporhonsofme sequence or handshake - L
; e e to ensure correct data transfer. This‘tlming diagtam.shows -
| . The handshake output mo:;e is provided as analtema}n_fe' v the- ralationships -that-occur using’ an' indush'y-standard
imeans of interfacin the ICL7108 to.dijital Systems, whisfe iMB402/3 CMOS UART to interface to serial data channels.
;‘he A/D converter becomes active in controlling the flow of . ... |1, thjg interface, the SEND Tiput to the ICL7108 is driven by
data instead of passively responding to chip.and byte en- the TBRE (Transmitter Buffer Register Empty) output of the
;able inputs. “This mode is specifically designed to allow 8, . .. ~UART Sand tha:CE/LOAD terminal of the ICL7108 drives
idirect interface batween the ICL7108 ¢ and d industry-standai iie-TBRE- (Transmrﬂer Buﬂer —Register—and) it to-the

UARTs (such as the Harris lM6402/3) with no extemal logzc
required. When triggered into the hanglshake mode, the :_Jngg: B-muﬁzs :‘tgg?;tgruit:pauz pg;glleled into the eight Trans-

a4

NOTE: All typical walues have boen charactorized but are not tested. »nswb‘nnmimmwmwumm.
’ . 3533 ' '
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AssuthmgmeUART Transrmﬁe;Bﬁﬁe;r 3egisterisem;ﬂy
; theSEND input will be high when the handshake mode is
= . -entered after new data is stored. The CE/UDAD and HBEN

.-order byte outputs bwomeacﬁva.—When Dﬁwﬁgoes

: UART TBRE output-will. now go1 “Jow, ‘which hatts the output
*  cycle with the RBEN output Jow, ‘and the™high order byts
* outputs active. When the UART" hasﬁansfened-
. the Transmitter Register ‘and cleafed the Transmitter Buffer
-Register, the TBRE returns high. On the next JCL7109 inter:.
nal clock high 1o low edge, the high order uls are”
disabled, and one-half internal tlock later, the HB
returns high. At the same time, the CE/LOAD and IBEN
- outputs go low, and the low order byte osutputs become ac-
e tive: Similarly; when the CE/LOAD retums high at the end of
EN one clock period, the low order-data is clocked-into the
UART Transmitter Buffer Register,-and TBRE again goes
low. When TBRE returns to a:high it will be sensed on the
. next ICL7109 internal.clock ‘high to Jow.edge, disabling the

mode will be cleared, and the CE/LOAD, HEEN, and IBEN
terminals retum hsgh and stay acﬁve (a.s long as MODE;
stays hxgh) Toola o

2R Lr

i
T

.

NOTE: A pypicat values have boon charactesizod bul 876 nol sested.

terminals wili-go' !oW'afte;. SEND, issensed,.aml.tha high -
high at the end of one clock period, the high order byte data

the.data to —~—-output-seguence is comroiled by’ the SEND input, and the

output™~

data outputs. One-half internal clock later, the handshake . -

: -»«Wﬂh‘lhe MODE: mputremalnmg hasinthesaexam-
w 1<"'pl s7thé-converter: wilk outpdi: .!hé"l’gg’xft& “of-every conver-
- sion except those completed duritiya’ handshakeopaahon.

. By'tnggermg the converter into}
f.- PR ¢ 7htgh,edge on the MODE.]nput. handshake output se-

_Ji_ .

7" converler ‘enteré handshake! It
nce for the first (high order) byte is sirmilar to the se-
- quence for the second-byte.~This-diagram-also shows the
output sequence taking longerzthan a conversion cycle.
“:Note that the ‘converter ‘stili ‘makes-ronversions, with the
© STATUS outpuland RUN/HOLD mputfuncbomvgnmmally
The only difference is_that- new w ' data“will not be latched
. when in handshake mode and'\s jtﬁ“erefo?'a lost.
Osclliator. <t% . L n Sl
1~ The'ICE7109 isprovidel’With a versatile three teminal
oscillator to generate the mtema]_dodu_’me oscilator may:
be’ overdnven. or may be operated with an RC network or
crystal The OSCILLATOR SELECT input changes the inter-,
.+ all conﬁgwahon of .the; osallggp:ig_o_ghmzs it tor RC or; .
- brystal operation: e St -

SRILD G 3 aTAT U0 Lol Jeness -3_9:121!1’!‘ ERVIRNARE
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mwmmmm

Jopen (the input is provided with a pullup resistor), the oscil- mmmmwmmmammw
~dator is configured for RC.oparation;and the intemal clock, . & PUT, and the OSCILLATOR DUTPUT should be {oht
{will be of the same frequency &nd phasdas the signai at the - . £ The intemal clock wil be of the same frequency, duty cycle
BUFFERED OSCILTATORDUIPUT: ‘The resistor and ca- - _mwmeasmemnmmoscxumsafm
pacitwshouldheconnededas‘tn’?zgure"ﬂﬁhemﬁwm ~=S3s7ett open. When OSCILLATOR SELECT is at GND,thg -
pscillate at a frequercy-givan by 1=10.45/RC. A Y00k TG dodwﬂllbeaiacmrof:ﬁawowﬂ)emm trequency. ;
sistor is recommended=for- mmmmofmm .@,g-uma_mwmmmpmsm
Ipptimum-60Hz tine-rejectidn, the-tapacior value - to-useone*3 58MHZvrystal for -both ‘davices. The
‘thosan such that2048 clock periods i§°close 10 an integral - -+ RUFFERED OSCILLATOR OUTPUT of the 117108 may bel
ultiple of. the.SO Ipemd IbuLstxould bt be. les:illan_"::‘:&éuxo mmsm&ammwm-mé'umr saving
S0pF). R A e oo s sacond il

d when

“owar :w" Whenithe TEST s takercto595v8) halhway be;:‘em
C—-vi-deND ~the eownwoutputdmmes awe enabl
\-. V- {‘lwm cmmtewontentsm%xmmwd a};

N When*he#EST—iﬂnﬂis onnocted 10 GND;the coumm"'
2 _,..._.:-.omnsmeaﬂforcedm h siale, ar\dtthehﬂerni!1
V+.0R OPEN " ! c « ~glock is,dsabad;)hﬂ:an.h@jnmﬂ tetyms to the % (V
N <Jo o .. ~GNDj)ivoltage {or4o V' +} ahd vnecioticis'applied, afi
2 " - counteroutputs will be tlocked to the low state. This allows’
——-~F39“f°-“ 53-039'"310"——-~‘—~ = erateasy festing of thecounterands-outputs. =712 ">

wr»enmepsmuxroa SELECT inputis nwﬁw%ﬁﬁm&eme——u_.._. =
devioe and outpir-and-input-capacitors-are added Whi o G +
‘Dscllator, I ﬂngconﬂgi)r‘ahqn«aé-shawﬂnﬁg'tfeﬁz,‘lrﬁ"-‘nmmo"e

SRR TUR RTRR T,

ek e e B e STVT A -
oscilietor will operaﬁmbmost.mystals inte 1o LSS iglire 13 SHOWS Sanid o1 The comblhisions of chip e
Tange with no external components. Taking the OSCILLA- - -=and byte enable control signals which may be used when,
;TOR SELECT input low also fnserts d fixed =58 diwdereagswnuh:mgﬁ\e iGL7405 to paralieldataiines. The CE/LOAD, -
tircuit between the 'BUFFERED OSCHIATOR OUTPUT - --inputmay bo tied low allowing either ‘byte to be controlied
and the intemal clock. Using an inexpensive, 3.58MHz TV, by its own enablo_as in-Figure 13A. Figure 138 shows &'
crystal, this division rah__}:rovudes an integration tinie pwen‘lg%ﬂﬁgmmﬂ whew tha fwo byte -enables are connected

-y
_H
O et

é

S

TR s 66 BB, 18 CE/LOAD s6osas 8
chipennble ;and the HBEN and TBEN may be conriscted to
"~ GND.of serve as '&econd vcrﬂpanab!e The 14.data outputs

. Wil be enabledsimtﬂtaneous}y’ jure"13C -shows the
~HBEN and DBEN as fiag inputs;gnd CE/LOAD as a masfer
N senab!e. Which could e’ the’ l;EADstrobe -avauable fmm
A s

. Figure” Appfuéch o Intedaemg * several
.: [CL7109510  bus, gangmg*the “and LBEN | to <
4 ey = o several converers, togeg':e;,,and issing the CE7LOAD inputs
(pexhaps deeoded dress) to select: the desned

error is less than .one percent, which will give better,!han
4068 60HzZ rejechon L‘l'he ‘converter wil opeme :eﬁab!y“ht o

\-‘IL

‘Figure 12 Cry

NOTE: All typicai vlses have boen eiwractonzad but e not tesiad, VI LT NI RST Lt s LS g AT
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) —Figure14: Tri-stating- Several-7109's toa Small Bus mrmETe
" Some practical circuits utilizing the paral!el threo-state - T converter clock penod It STATUS is now Io low. the second
output capabilities of the ICL7109 are shown in Figures 15 reading is corvect, and if it is still high, the first reading is:

through 20. Figure 15 skows a- shagg?lﬁqrwardapplmhontq Hant -oorrechJ\ltemahvely, 4his timing::problem is completely’

the -Intel. 8048/80/85- microprocessors.via.. an. 8255RPlpr.—-avoided by using a read-after-update sequence, -as shown’
where the JCL7109 c'ata outputs;are active at all imes. The,______ _in Figure 16, Here the high.io low transition of the STATUS .

/0 ports-of an 8455>may; be.used.in m‘sgms.-way.-'l’hxs, output drwes an interrupt:to. ﬂwemmprocq&somusmg its

interface .can:-be used in.a;tead-anylime mode; although.a: to-access the. data latches. This application also shows the

read, performed while-dhe data: daiches-arg-bejng: updated, RUN/HOLD input bexng used to initiate conversions under-

will lead to scrambleddataJh;swvll omyery -rarely, in the; .softwarepontrol et v TR tuglen Sosia-e T -
proportion of setup-skew times ta conversion tims. One way. +A.-similar. interfacs .to -Moforola ,Mcseoo “or -Hockwell.

to overcome this is to read, theSTA'[US ougmt aswell.am:l A Res’g'x Csystems is shovm in Figure 1 17, The fighta iow tran.

if itis high, read the data agajn after adelay of more than %, smon-igf the STA'IZUS output genel tes ap intermupt via. the
mummmmmyp‘mm - R R R, -, XY T LI nE A
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Control Register B:CB1 'lina Note ‘that- CBZ contrnls ‘the to be sure’ ﬁ1at1equ1rements forsetup and hold “times, ‘and
RUNIF'O- LD pin-through’Control Register B,- -glllowing *Soft- .minimumi“pillsé widths aremet: Note also“the drive timita-

ware-conﬁ'olled -inmahon “of conversiorts in- thisjystem as tionson"long-buses.- Generally this typa bl frilerfacéis only
LAEgL OF DSTL Pmec LT favored 1f the fnemory periptionsl ddress density-isTow so

well- <

The three-state output capability of the 7409 anows that simple ‘address decoding’ mﬁ%‘éispﬁ.'lﬂtﬂmpﬂ\am
direct intérfacing 1o mostmicroprocgssar m.,gmmpm diing can aisd Téquire many additional Compénefts-and us-
of this:are shown in Figures 18 arid:19: It ig‘nécassary 1o ing’ 3:‘4‘!"}_?',"‘_"’9 deylce will usudlly sxmﬂﬁyme"sys[emm"ws
caretully consider the System tirning h this type of interface, case! G e S asSy A

NOTE: All typical vetuos hiove been charactarined iunt ere not testad, LT e SR U G T B AT, -
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andshake Mode i ; : - :ndar_somvarecontroL.Note Mnuaponotﬂtamssmt

“The handshake mode aliows feady4meﬁaee.w|thamda
anety.ofﬁnentaljewcajomstance “external latches
;'Iav be. clocked by the rising edge of ‘CEJLOAD, and the 25

~evarsad,; and-can service-another-peripheral-device-The same
!

T arrangement can él§b’be‘u§a“' wWith The 8155,

wmans EIGUTE 21 shiows a Sirflar arrangemﬁ'ﬁi— viith e MICB800,

”'—TMCSESUX
pbyte enables may be used as byte ldem:ﬁcahon fiags or as ‘iicToprocessors, except that both MODE and,

foad-enables.—- - s 7 — ﬁrmRUNlﬁommamd h;gh—_tosavepon-.outputs. -
! Figure 20 shows a‘handshake”lnteﬂace to intel" oo ——The handshake mode is particularly convenient for direct,

- the 8255 sothat wnvmma

processors again using an 8255PPI. (Thehandshake opera -——‘W"“"fad"g o industry standard UARTS (such es the Har-

Yion with the 8255 is controlied by inverting its. Input.Buﬂe! 205 M6402/6403"61 Westérn Digial TR1602) providing &

Full (IBF) flag to drive the SEND input to the ICL7109, and :

using the CE/LOAD to drive the 8255 istrobe. The_intemal = -
control register of the PPl should befset in MODE 1 for the ““"""“’"M 2A. In this Gircuit,any word rcoived by the UART caus-

port used, If the 7108 is in-handshake mode and the 8255
{BF fiag is low, the next-word -will be strobed into the port.
The strobe-will cause 1BF..to_go high (SEND goes low),
which will keep the enabled byte outputs active: The PPl will
generate an interrupt which when executed will result in the
data being read. When the byte is fead -the IBF will be reset
low, which causes the, ICL7109.10"sequence into the next
byte. This figure shows the MODE input to the ICL7108 con-
nected to a control line on the PPL. if this output is left high,
or tied high separately, the data froms svery conversion (pro-
vided the data access.takes les$ time.than a conversion)
wﬂl be sequenced in‘twosbytes into the system.-
f It this output is made to go from low to high, the output
sequence can be obtained on demand, and the interupt _
may be used to reset the MODE bit. Note that the RUN/- ©

;
i
i
§
t
i
}
'

"z"* “minimum -component count means of senally ransmitting

convertéd data. A typical UART connection is shown in Fig-

1 =Bs the UART DR (Data Ready) output to go high. This drives
the MODE input to the ICL7108 high, triggering the ICL7109
into handshake-mode."The high order byte is output to the
UART first, and when the UART has transferred the data to.
the Transmitter Register, TBRE (SEND) goes high-and the
second byte is output. When TBRE (SEND) goes high
again, TBEN ‘will go high, driving the UART DRR (Data
Ready Reset) which will signal the;enﬂloe transter of
data from the ICL71 09 to the UAHT;

gitre 22 Shows an’ extension oT the one mthew—-

mner -~ ONG UAHT scheme to several lCL71095with one UART. In

P

T i

this circuit, the word réceived by tHe'UART {avallable at the
RBR outputs when DR is high) is used to select which con-
verter will handshake with the UART. With no extemat com-,

. ponents; this schome will aliow up to eight ICLT108s to in=

OLD input 1o the ICL7109 ‘may 216 bedriverrby & bit of _E,tteﬂace,g‘ith-one -UART.: Using & few more components to

k nedonm

NOTE: Al typical vaiues tiawe beon ctaraciorized but are not lested.

heteceived wordmu_allnva.thSB converters 3o’
beawessedononesenalﬁne e

——————— e



Figure 20 Handshake Interface — ICL7109 to 8048, 80/85
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; 'Osctmm MHz crysta!> Z1in Free-Run Mode, Run/HOLD- = 1)
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~dpse = RC/0.45 . 4 m'cfc
~ose =.1/358 MHz (Crystal) .. mats T i
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{ feLoex = fosc (RCMode)
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integration Period s

Referénce capacltur
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H Integrate Resistor
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MOTOROLA
£= SEMICONDUCTOR e
TECHNICAL DATA

Advance Information
Single Chip 300 Baud Modem

The MC145442 end MC145443 silicon-gste CMOS single-chip low-speed mote—x
contain & complete frequency shift keying (FSK) modulator, demodulator, and fize,
These devices are compztible with CCITT V.21 {MC145442) and Be!l 103
{MC145443) specificstiors. Both devices provide full-duplex or half-duplex 300 bz_<
M data communicaton over 8 pair of telephone lings. They also include 2 carrier dezce

z circuit for the demoduhtor section and & duplaxer circult for direct operation on & 1

: telephone fine through @ simple transt CASETm 4
@ MC145442 Compatible with CCITT V.21 -3
® MC145443 Compatible with Bell 103 ; o

. ® Low-Band and High-Band Bandpass Fiters On-Chip :

® Simplex, Half-Duplex, and Full-Duplex Operation

? ® Originate and Answer Mode ) Dws%‘:c" lx e

i ® Anslog Loopback Configuration for Self Test ‘ casEvED |

E ® Hybrid Network Function On-Chip . L3

i ® Coarrier Detect Circult On-Chip

EA ® Adjustable Transmit Leve! and TD Delay 'ﬁming

£ ® On-Chip Crystal Oscifiator {3.579 MHz)

® ® Single +5 Vol Power Supply Operation - i T

£ ® Internal Mid-Supply Generstor c-

£ ® Power-Down Mode .

& ® Pin Compatible with MM74HCS43 ¢

?:5 ® Capable of Driving -9 dBm into a 600-Ohm Load

3,— BLOCK DIAGRAM R

15 Y wonpang] CARReE | 3
Rah2 — —8
BT R e
A T e .
: Rakt T JERE. b At T A e oivx oo it
) : : HGLBAND ‘
: H - BPF r w0 o
L i _&_ ] i § ) L mea
= H \V * 1
‘ = ’ = e
: il : e JTHING -
H - H i W At
5 o2 ' : FATER >.4._‘7.u
Y — ' s il BRSNS
i MODE | conTROL

2 1]
n s ANALDS .
H T 5
- : JTTRAAL BROUND —— e T
H
[
H

" \vi e | ceneratos t 6 .
‘ - 4
Koy <t CLOCK  |—>= SAMPUING CLOCK: 77.62 khs o
§ | OSCULLATOR DVDERR |y gume; %
Xy P———] SAMPLING CLOTX: 18.4€ kHy . e

¥ Refer to the FB pin description.

' This document containe iréamanon on 3 new produtt. Spe ‘izations and information hererr, 87¢ subms T Sene without notee
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P SUFRIX
PLASTIC
CASE 738

7 SUFFIX
soIC
.SE 751D

——l—a-b Vas

— Vpp

— V5§

e il

MC145442, MC145443

ABSOLUTE MAXIMUM RATINGS IVottages Referenced to Vg -

Ratiny Symbol Valus Unit This device contains circultry to protect against
Supply Voltage Vpp -05107.0 v damage due to high matic vohages or elactric
DE Input Ve Vin 85t Vpp+05 v msemkan ;o'::id appr«:::;nd vﬂm;
0 any
DC Output Vohage Vout -05 10 Vpp+0.5 v tigher than meximum rated voltages to this high
Clamp Diode Cutrent, per Pin k. loK 320 mA imped circult. For proper operstion it is rec-
D Outpin Cumrent, per Pin lout 128 mA M thet \‘13 L \\I’M’bavmﬁmd o
— range V§s = (Vin of Vol sVpp.
Power Dissipation ) _m m_ Unused inputs must siways be ted to an ap-
Operating Temperature Range TaA 44010 85 °Cc propriste logic voltage leve! (6.g., either Vgg or
Storage Temperature Range Terg - 65 10 150 oC Vpp!-
RECOMMENDED OPERATING CONDITIONS
Paramster Symbol Min Max | Unit
Supply Vohage vpp 45 55 v
DC Input or Owtput Voltage Vin. Vg 1 0 Vpp \4 B
inpust Rise or Fall Time 4. 4 -~ 500 ns
Crysta! Frequency® M 32 5.0 MHz

*Chenging the crysie! frequency from 3.579 MHz will change the output frequencies. The
change in outpun frequency will be procortional to the change in crystal frequency.

DC ELECTRICAL CHARACTERISTICS (Vpp=5.0V 1 0%, To = -40 to 85°C}

Characteristic Symbo) Min Typ Max Unit
Hig*-Level input Voltage B ViH Vpp-0.8 - - v
Xin. TxD, Mode, SOT 3.15 - -
Low-Leve! Input Voltage 1B v - - 08 v
X;n. TxD, Mode, SQT - - 11
High-Level Output Vohage . VoH v
IoH =20 pA - €D, AxD Vpp-0.1 - -
lo=2mA €D, RxD 37 - -
loH=20 sA Xout - Vpp -0.05 -
Low-Level Output Vohage _ VoL v
oL =20 pA £D. RxD - - 01
IoL=2 mA 0. RxD - - 04
1o =20 pA {M - 0.05 -
input Current 1B, TxD, Mote, SQT Iin - - 1.0 wA
RxAl, RxA2 - 10 112
Xin - - +10
Quiesent Supply Current ipp - 7 10 mA
Xip, o 1, =3.579 MHz |
Powe--Down Supply Current - 200 300 H sA
Inpu Cepachance Xin Cin - 10 - | oF
All Other Inputs - - 10 H
V4G Output Voltege fig= 1 10 pA) Vag 24 2.5 26 v
CDA Output Vohage fig = 3 10 4A) VeDa 1.1 1.2 1.3 v
Line Driver Feedback Resistor Ry 10 20 30 k2

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC145442, MC145443

AC ELECTRICAL CHARACTERISTICS (VDp=5.0V +10%, Ta= - 40 t0 B5°C, Crysta! Frequency =3.578 MHz +0.1%; Ses Figurs 1)

. Cheracteristic Min T M 3
i 4 e | max [ un I il

TRANSMITTER T
Power Qutput on TxA . E:

RL=12k0, Ry~ -1 -12 -1

RL=1.2 k0, R aA=55kD -1 -8 -8
Second Harmonic Power - -~ 56 - .

RL=1.2 kB
RECEIVE FILTER AND HYBRID «
Hybrid Input tmpedanze RxA1, RxA2 40 50 -
F8 Output Impedance — 16 -
Adjacent Channel Rejection -48 - -
DEMODULATOR
Receive Carrier Amplitude -48 - -12
Dynemic Range - 36 -
Bit Jivter : - 100 -

{S/N=30dB, Input=—-38 dBm, Bit Rate =300 baud)
Bit Bias - 5 -
Carrier Detect Threshold . On to O - ~44 -

{CDA =12V or CDA grounded through & 0.1 uF capacitor) Off to On - =47 -

A57TEWHz 200N

PIN ASSIGNMENT
ssfie  20fmA
ERz .- wiiyg
R (7] -§] 18 Pa
< g 17 fmA
RIES 16 Pkt
vrB e 15 Bran2
toa 7 14 fisor
Xo:B 8 13 BwnoE TSt
2B 12 Pvss INPUT
-1 Rl 11 @d

Fi

PIN DESCRIPTIONS

Vpp—POSITIVE POWER SUPPLY (PIN 6)
This pin is normally tied to 5.0 V.

Vgg—NEGATIVE POWER SUPPLY (PIN 12}
This pin is normally ted 1o 0 V.

VaAG— ANALOG GROIND (PIN 19)
Analog ground is intemally blased to (Vpp - Vsg)/2. This

Ei"—'ﬂ‘iier"i‘:’(‘"““d by & capacitor from Va to Vgg and
a capacior fiom VAG.te Vpp. Anslog ground is the common

__’5 DATA DUTPJT

Radt a3
TEST £or ;]
OUTRUT 4 [T
0.9 4F 0.1 4f B ]
= Coor gﬁn

gure 1. AC Characteristics Evaluetion Circuit

slicer in the demopdulation circuitry.

TLA—TRANSMIT LEVEL ADJUST (PIN 20}

This pin is used 1o adjust the ransmit level. Transmz teve!
adjustment range is typically from = 12 dBm to — 9 dBm. {See
Applications Information.}

TxD—TRANSMIT DATA {PIN 11)
Rinsry infrrmatinn is input 19 the naqsm‘n“@la. ﬁl._ Data :
entered for transmission is modulated using FSK techgues. =
A logic high input leve! tepresents @ mark and a logz fow . -
represents a space. (See Table 1.) i

i
4 T o o

MOTOROLA TELECOMMUNICATIONS DEVICE DATA -
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se Figuee 1}
Unit -

dBm

aBm

w |
kQ
¢Bm

d8m
d8

d8m -

INFUT

OUTPUT

imiter, and

ynsmit level
1d8m. (See

8 pin. Data
techniques.
3 logic low

MC145442, MC145443

= oz ., ot eopate b
Table'1. Bell 103 and CC‘ﬂT va1 Ry =20k0). For pla, s 20 k0 for RDSI will provide
Frequency Characteristics unity gain (Ay = —20 k2/20 kQ= —1). This pin MUSTbe leﬁ
Bell 103 IMC145443) OPEN if not used. = - :
Originate Mode Answer Mode - . S i
Dot it | Recerve | Trememic | Rocetvs AxD—RECEIVE DATA (PIN 5} SR
Space 1070 Hz 2025 Hz 205 My 1070 Hz The receive data output pin presents the d’-gnal bmam
Motk 1270 iz E e 775 Hz 1270 Hz resuhu; from the demodillation of the: receive_carrier. ¥ .rio
— carrier is present, CD high, tlmrecewdamcmpm(ﬁxo)ls
, CCITT V.21 (MC14544% !
. v - clamped hsgh f - H _.J
Dot " Originats Mode Answhr Mode ' e ""*".T. !
ata h
Transmit | Reced T it | Recsi RxA2, RxA1—RECEIVE CARRIER (PINS 15. 16)
Space | 1180Hz | 1BSOM: | 1ES0Hz | oMz The receive carmier is the FSK inout 1o the demodulatar
Mark 980 Hz 1650 Hz 1650 Hz 980 Hz through the receive band-pass filter. RxA1 is the noni
NOTE: Actual frequencies may be =S Hz assuming s 3.579545 MHz Inpyt and RXAZ is the lnver‘tmg mput of the receive hybrid
crystal is used, {duplexer) _operational ampiffier. , R

TxA—TRANSMIT CARRIER (PIN 17)

This is the output of the fine d-ver ampfifier. The transmit
carrier is the digitally synthesized sine wave output of the
modulator derived from a crysta! oscillator reference. When a
3.579 MHz crystal is used the frequency outputs shown in
Tabie 1 apply. (See Applications information.)

MAXIMUM LEVEL OF DUT-05-BAND ENERGY,
RELATIVE TO THE TRANSMIT CARRIER LEVEL INTO 600 Q &t}

] 2 344 1€ B4 256
1 T

1

1 —:7 ]
E 1
g i f :
= ] [ 1
[~ N ] ¥ ]
o ] t 4
F : P ;
g -2 1 H
£ -25 : i
(X ] 4 )
o 15 €S OCTAVE H
Z i !
F ! 1
3 )
=3 1 :
J t
- 55 ——-
- 50

Figure 2. Out-of-Band Energy

Ex!—EXTERNAL INPUT {PIN 18)

The external input is the noninveting input to the line driver.
it is provided to combine an auxiary audio signal or speech
signal to the phone line using the éne driver. This pin should
be connected to VAG i not used. The average level must be
the came as VAG to meintain proper operstion. (See Appfi-
cations Information.}

DSi—~DRIVER SUMMING INPUT iPiN 1}

The driver summing input may be used 1o connect an ex-
ternal signal, such as 8 DTMF daler, to the phone line. A
series resistor, Rps), is needed fo ofe the voliage gain Ay
(see Applications Information and Fiqure 6). When applying
a signal to the DSI pin, the modutator should be squelched

LB—-ANALOG LOOPBACK (PN 2}

When a high level is applied to this pin (SQT must be-low),
the snalog loopback test is enabled. The analog loopback test
connects the TxA pin to the RXA2 pin and the RxAT to analog
greund. In loopback, the demodulator frequencies are
switched to the modulation frequencies for the selected mode.
{See Tables 1 and 2 and Figures & and 4d.)

When LE is connected to analog ground (Vag). the mod-
ulator generates an echo cancefiation tone of 2100 Hz for
MC145442 CCITT V.21 and 2225 Hz for MC1£5443 Bell 103
systems. For normal operation, this pa should bs at a logic
low level {Vgs).

The power mode is enabled whan both LB and SQT
are connected to 3 logic high level. (See Table 2.)

Table 2. Functiona! Table

MOD
Pig 1: Psino :4 Plrnﬁz Operwing Mode
1 0 [ Origina= Mode
0 [ 0 | Answe- Mage
, X 0 VaG (VOp’2! | Eche Tone
X 0 1 | Anaiog Lospback
X 1 0 | Squeich Mode”
X 1 Vag Voo’ Squeiss Mods
X 1 IE Pawer Down
. ey Lrfeait

MODE—MODE (PIN 13) .
This input selects the pair of transmit 312 reoenefr uencies
used during modulztion and dgmodulaton. When a logic high
level is placed on this input, originate {Bell or channel 1
(CCITT) is salecied. When a low leve! is placed on this input,
answer {Bell) or channet 2 {CCITT) is selected. (See Tables 1 °
and 2 and Figure 4.} g~ 1o - uaEm. See

CDT—CARRIER DETECT TIMING (PIN &)

by bringing SQT (pin 14) 1o 8 log:c high level. The vohage
gain, Ay, is calculated by the formulz Ay = — R{/Rpg) (where

A itor on mspmtov-s_g.se:smeamoumbfnmethe
carrier must be present before CD goes low.’ lSéeAppﬁcahons"'“

Information for the capacitor values.) s g FSK technigues.
ok and a ingic low

T r: .
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MC145442, MC145443

CD—CARRIER DETECT OUTPUT (PIN 3)

This output is used to indicate when a carrier has been
sensed by the carrier detect circuit. This output goes to a logic
low level when & valid signa! above the minimum threshold
leve! {defined by CDA pin 7) is maintained on the input to the
hybrid circuit longer than the response time {defined by CDT
pin 4). This pin is held 8t the logic low level until the signal
falls below the maximum threshold leve! for longer than the
turn off time. (See Applications Information and Figure 5.)

CDA—CARRIER DETECT ADJUST (PIN 7)

An extemal voltage may be applied to this pin to adjust the
carrier detect threshold. The threshold hystereé'xs is imernally
fixed at 3 dB. (See Applications Information.)

Xout. Xin—CRYSTAL OSCILLATOR (PINS 8, 8}

A crysta! reference osciliator is formed when e 3.579 MMz
crystal is connected between these two pins. Xot (pin 8) is
the output of the oscillstor circuit, and Xjp, (pin 9) is the input
to the osciliator circuit. When using an external clock, apply
the clock to the Xin {pin 9} pin and leave Xt (pin 8} open.
An internal 10 mQ resistor and intemal capacitors, typically
10 pF on Xj, and 16 pF on Xouy, sliow the crystal to be
connected without any other external components. Printed
circuit board layout should keep external stray capacitance to
& minimum,

FB ~FILTER BIAS (PIN 10)

This is the negatrve input 1o the ac amplifier. In normal
operation, this pin ¥ connected to analog ground - through 8

0.1 4F bypss_ capaciior in order 10 cancel_the_input offset

yoltage of the limiter. it hes a nominal input lmpedarice of 16
k0. {See Fgure 3.5

FROM

BAND-PASS 10
FLTER p—>= CARRIER DETECT CIRCUIT
AND
DEMODULATOR
4308
16k
10 OFB

g'm o

Figure 3. AC Amplifier Circuit

SQT-TRANSMIT SOUELCH (PIN 14)
When this inpm pinis at s io is s logig_h’g level, the modula!or

low v level. (See Table 2.)

When both LB and SQT are connected to a logic high teve),
see Table 2, the entire chip is in & power down stete end ot
circuitry except the crystal escillstor i thsabled. Tots! power
supply current decreases from 10 mA {maximum) to 3)0 ,1\
{maximum).

GENERAL DESCRIPTION

The MC145442 and MC145443 ere full-duplex low-spead”
modams. They provide & 300 baud FSK signal for bidirecﬁcm;i’
car be’

rated in one of four basic configuretions es determined by
the state of MODE {pin 13] and LB (pir 1. The normal (non-

data trensmission over the telephone network.

loopback) and self test (loopback) modes in both answer g.-u
originate modes will be discussed.

For an originate or channel 1 mode, & logic high level is
placed on MODE {pin 13} end & lopic fow level is placed on
B (pin 2). In this mode, transmit data is input on TxD, where
it is converted to 8 FSK signa! and routed through & low-band
band-pass filter. The filtered output signal is then buffered by
the Tx op-amp fine driver, which is capable of driving =8 dBny -
onto a 600 2 line. The receive signa! is connected throuph
hybrid duplexer circuit on pins 156 end 16, RxA2 and RxAT.
The signal then passes through the ant-aliasing filter, the
sample-and-hold circult, is switched into the high-band band-
pass filter, and then switched into the ac amplifier circuit. The
output of the ac amplifier circult is routed to the demodulator
circuit and demodulated. The resulting digital data is then
output through RxD (pin 5). The carrier detect circuit receives
its signal from the output of the ac emplfier circuit and goes

low when the incoming signal is detected. {See Figure 4a.) = -
in the answer or channel 2 mode, & logic low leve! is plsced ™ -

on MODE (pin 13) and on L8 (pin 2). In this mode, the data
follows the same path except the FSK signal is routed 10 the - .
high-band band-pass filter and the sample-and-hold signal is”
routed through the low-band band-pass filter. (See Figure 4b.} -

In the analog loopback originate or channel 1 mode, & loge
high level is placed on MODE {pin 13} 8nd on TB (pin 2). This

mode is used for 8 self check of the modulator, demodulator, -~

and low-band pass-band filter circuit. The modulator side is
configured exactly like the originate mode above except the

fine driver output {TxA pin 17} is switched to the negative input

of the hybrid op-amp. The RxA2 input pin is open in this mode
and the noninverting input of the hybrid circuit is connected
1o VAG. The sample-and-hold output bypasses the filter so
that the demoduletor receives the madulated Tx data {see
Figure 4¢). This test chetks all intems’ device componems
except the high-band band-pass fitter which can be checked
in the answer or channe! Z mode loopback test.

in the analog loopback enswer or channe! 2 mode, & logic
fow leve! is pleced on MODE (pin 13' end & logic high level
on B (pin 2). This mode is used for @ self check of the
modulator, demodulator, and high-bad pass-band filter ¢ir-
cuit. This configuration is exactly like the originate loopback
mode above, except the signal is routed through the high-
band pass-band filter. {See Figure 4d.)
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APPLICATIONS INFORMATION
1] B
CARRIER DETECT TIMING ADJUSTMENT
The valus of a capacitor, CopT 81 CDT [pin 4) determines
howkmgaveceivadmndems{gﬂmustbepraemabovethe
minimum threshold level before CD {pin 3} goestow. The CCDT
capacitor 8iso determines how long the TD pin stays low after
the recelved modem signal ?oas below the mininrim threshold.
TbeCDphisusedtod‘sﬁ signal from
@andorm noise. The fonowmg equanons show the relationship
between topy . the time in seconds required for €D to go low;
1CDH. the time in seconds required for TD to go high; and
-CepT. the capacitor value in pF.
Valid signal to TD response time: tepy ~6.4xCopy
tnvelid signal 10 CD off tme:  topH =~ 0.54xCepT
Example: topL =6.4x0.1 xF ~0.64 seconds
tCDH~0.54x0.1 uf «0.054 seconds

CARRIER DETECT THRESHOLD ADJUSTMENT

The cersier detect threshold is set by internal resistors to
activate TD with 8 typical ~44 dBm finto 600 1) signs) and
deactivate TD with 2 typica! - 47 dBm signal applied to the
input of the hybrid circuit. The carrier detect threshold leve!
can be adjusted by applying an external voltage on CDA (pin
7). The following equations may be used to find the CDA
voltage required for a given threshold voltage. (Vpp, and Vog
are in voits RMS.)

VCDA=244 xVon
VCDA=345x Vot

Example iimamally set)
Von=4.9 mVe - 44 dBm: VCpA=244x48 mV=12V
Vo =35 mVa —47 dBm: Vepa=345x3.5tV=12V

Example (externally set):
Von=7.7mVe ~40 dBm: VCDA=244Xx7.7 mV=18V
Vot =54 mVa —43 dBm: VepA=35x 54 mV=19V

The CDA pin has an approximate Thevenin equivalent voit-
age of 1.2 V and an output impedance of 100 kil. When using
the intema! 1.2 volt reference 8 0.1 xF capacitor should be
connected between this pin and Vgs. (See Figure 5.)

TRANSMIT LEVEL ADJUSTMENT

The power output at TxA (pin 17} is determined by the vafue
of resistor RTLA thet is connected batween TLA (pin 20) to
Vpp (pin 6). Table 3 shows the RTiA values and the corre-
sponding power output for & 600 @ foad. The voltage at TxA
Is twice the value of thet at ring and tip because TxA feeds
the signal through & 600 © resistor RTy to & 600 0 fine trans-
former. (See Figure 7.) When choosing resistor RTA, keep
in mind that —9 dBm is the maximum output leve! allowed
from 8 modem onto the telephone line (in the U.S.). In ad-
dition, keep in mind that maximizing the power output from
the modern optimizes the signal-to-noise ratia, improving ac-
curate data transmission.

Table 3. Trensmit Leve! Adjust

Output Tramamit Level &’
{Typical ingo 600 0) TLA
- 1208m @
~ 11 dBm 18.8k0
- 10 dBm , 82kD
~8 dBm .5 ki

THE LINE DRIVER

The line driver is @ power emplifier used for driving the
telephone fine. Both the inverting and noninverting input to
the line driver are available for transmitting externally generated
tones.

Ex! {pin 18! is the noninverting input to the fine driver and
pives 8 fixed gain of 2 (R;=50 kD). The average signal level
must be the same 8s VAQ to maintain proper operation. This
pin should be connected to VAG If not used. -

The driver summing input (DS}, pin 1) may be used 10
connect an external signal, such as @ DTMF dialer, 10 the
phone fine. When applying 8 signal to the DS! pin, the mod-
ulator should be squelched by bringing SQT ipin 14) to a logic
high level. DSt MUST be lett OPEN # not used.

- Yoo
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Figure B, Carrier Detect Circult L-.._'

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-575

ke A P iy i s gt g e i < = -

. . e e -

!
f
£
:
§ :
d
!




MC145442, Méusm

« - In addition, the DS! pin is the inverting side of the fine driver D ERE ) T
-and allows sfjustable gain with a series resistor Rpg. (See - o )
F‘vgures )Thevoltagagam Av.isdetemmdbytheequatlon. - e aEl L 1
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