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ABSTRACT

This project is about using microcomputer , microcontroller and data transmission via
computer network for application of village security system.This system consists of two part ,
the first is a alarm system for each house using MCS-51 microcontroller to be central
processing unit for receiving 32 sensor devices and control 4 electric devices and sending
alarm signal with siren sound and automatic call to house owner or police station. The second
part is Masster / Slave network using microcomputer in village security system for
indicating an alarm in graphic display and sending all of control data of system referenced

by serial communication RS-485 standard with 992 maximum nodes at speed rate 9600 bps.
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2.5 msuusYszsianvesnylanud
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wiaoanus ity Mcs-51 fiegdaofiu 2 wila A8 Program Memory Az Data

Memory FutiumitearinsilfifuTlsunsudnuussyagludn sost dauiiiiu Program
da a 7 o 'y 4 aa a

Memory fifi8 Rom vu1a 4 Alaludfues  uaduiluiwes sos2 exiili RoM vua 8 Ala

Tudnaaaslugy 2.11 uaz 2.12

FFFF \ FFFF
60 K
BYTES
EXTERNAL 64 K
>=OR> | o\TES
1000 EXTERNAL
OFFF AND
4 KBYTES )
0000 INTERNAL 0000

71l 2.11 Aambwanudrinldinu Tusunsudiniuwes sos1

FFFF \ FFFF
56 K
BYTES
EXTERNAL 64 K
P~OR> | ovTEs

2000 EXTERNAL
AFFF AND

8 KBYTES )
0000 INTERNAL 0000

71l 2.12 Aambwarwirdmiuiu Tdsunsudmiumues 8052

] o_d d ] o o
Data Memory Wiumissanusiiilfinudeyamissanudil aunsadoudeyans
Tluazsmdoyaseninld  Gauflumitsaruiinmoludndifios 128 Tuddmivwed gos1
uag 256 Tud  dmuwed s0s2 daumiseanuiimousninil 64 Alaluadaueasly

312.13 uow 1.14
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FFFF
INTERNAL
N\
FF SFRs
DIRECT 64 K
ADDRESSING BYTES
80 ONLY »—AND$| EXTERNAL
7F
DIREEC &
UNDIRECT J
00 ADDRESSING 0000

71 213 Aamiaea i@y Data Memoery (U3 8051

INTERNAL

INDIRECT
ADDRESSING
80 HTO FFH

FFFF

FF
\
FF SFRs
DIRECT 64 K
ADDRESSING BYTES
80 ONLY »—AND-»| EXTERNAL
7F

DIREEC &
UNDIRECT
00 ADDRESSING /7 0000

Y 2.14 Aamiasanu§idnsy Program Memory 484 8052

uNﬂ%"'qmmxmﬁuhﬁumﬁauamu’wmmﬁﬁmfuTﬂmnéu uazmdfigwmied
douiudfigezdldednls  hdadefumianuiidulusunsmazadnisndumald
ugndrdeeenidiu 3 daude

MoV  IdAarenu RAM aglu

Movc ldaade Program Memory

MOVX 14@ade Data Memory nwusndm Tauszydumiariy
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»

FVans DPTR Fwwed 8052 exflfiuiivine son - Fih edhezdousudoya w.

a d’ Y a2 9 v z [ s t o o
UInuHitideyalasmedeuiniu Awaasludamizganudidagyl 2.14

2.6 M3duINLIFUA
o das | & & =y das (c; = ; 1 9 a
msouneITdves 8051 ansafudygnubumessUdniavuldedinloe 5 wia
b4 o &4
a0 fip
- SRS SUANINAWUBN 0  (External Interrupt 0)
a o | d
- ButAes 5UATINMOUDN 1 (Bxternal Interrupt 1)
a do | @ ¢ o .
- DU FUAves Inies 0 (Timer Flag Interrupt 0)
a Cw | o 7 o |
- BN UAYed Inles 1 (Timer Flag Interrupt 1)
- BuineisUdveanesadod1soynsy (Serial Port Interrupt) AT ouLngy
a o | & t A
mswaes TUdu 3 ngude
2.6.1 External Interrupt
»
Tunquillszneuldrwnsifinduinessuden 2 undsduiiafe Exteral Interrupt 0
(g External Interrupt 1 fludnanauduines5yd  snundsiuiianouenlasaedhfiv 12
» []
(INT 0) 4az¥1 13 (INT 1) awdulaodyanudumesSudyiail sxianudiedyaa
P 3 = a
mousnisuniiaouziiuasin o
2.6.2 Timer Flag Interrupt
a dud 1 oA . .
aumassﬂﬂﬂquuﬂizﬂauﬁw Timer Flag Interrupt 0 42 Timer Flag Interrupt
or a S | delat ! o A& a a P A
HudyyrudunesPldntundsiiadaygnuonmeludwes e flag TFO nde TFI qn
»
ity 1 uaz Timer #5 Counter 3§ Overflow ifatiu TFO #38 TF1 szgnimmlidiuo ve
a o a Jvtd Y v w o = o 3 -”' o
nadyyuduaesfldtadmzmahauvesldsunsy  fivhauegluvasiuld i
NaUUDe Interrupt Subroutine IUINU
2.6.3 Serial Port Interrupt
ar a o [ Ll a 4’ o o ' o A a A; A a o 8
L‘i'.‘luaigty‘lmaumas51]91mﬂﬂ‘uun'w'luﬂ’wmmnmﬂu PAUNA ‘UouﬂW1é’5U‘Ua
yonsy 1 Tud Buiaes¥udiin RI 1u SCON Register  (Serial Port Control Register) 92gn
enldilu 1 lwvashusunaty  Swndnlddedeyansy 1 luddumessuldin 1
SCON Register nzgiamilu 1 ufumodwdr v Tuday  Interrupt subroutine
\ o« i ’ﬁ o~ & [} \
Tlsunsy ssdensnasuhdgapuidunilifannin TIuSe Rt devhauludw

subroutine 150v300 Tusunsuszdouamiin T1 o RI #ldidu o o Wsnndoufezsy
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= v

ﬂsa'dwauaﬂa'lﬂmﬂ‘mmmmnumsaumasiﬂﬂuumn Special Function chxstcm

£

muwaﬂﬂuma 267 fi0 IE (Interrupt Enable) e IP (Interrupt Priority)  1uSSaimey
P vhustusesadidy AnudAguesmamsumessld Idlasamindly 1 §wsuy
aumassﬂﬂnummmﬂnulqauazwn“lmi‘lu 0 ﬁmé’nﬁumas§'ﬂﬂﬁﬁmwﬁ1ﬁmﬂ°1t§ﬂ uath

1 4
Wildtadduaruddymsdumesud  sefiulmumsdede i uerAddIRIANY

difyveInsdunessua
BUIneTTUA hauanudiy
1. IE0 ANy gaga
2. TFO |
3. IE] |
4. TF1 "
5. Serial AN “’ﬂuw‘hqm

v
dmsumsihdumes Uiy daen I8t muausamsanilsanuswesTilsunsy

(Interrupt subroutine) HARLDUIADS FUARINT N

dumes T UOAIATE (Hex)
IEO 0003
TFO 000B
IEl 0013
TF1 001B
Serial 0023

é , A o’;’ 4 \d * ar
FIFINHNVOWDAIATAVD Interrupt subroutine W9 firfoud 1l ooud g

awsoussymideas Tl 1dsaunils

2.7 apinguguazmslfauvedlulnsnewinsames

o da  do ' A
lulnasnouTnsamesasznn Mcs-s1 fifgafieuls  wawedude



17

1. dundadusivesniin mel Fufufnda chip ¢l TnsaenTnsames , TuTns

P4 ' & o o v o <2 a A A )
ﬂQUIﬂiﬁlﬁai5101”@510”“4116§Iﬁﬂ ua:umﬂumamunummu mummwenmm:h

Mo

2. fimaiannauddudad

8080 ~-> 8085 ---> 8048 ---> 8051 ---> 8089

8086 ---> 80186 ~--> 80286 ---> 80386 ---> 80486 -—> Pentium

3. amnsadsegndlfiouldie unsdiiideyanfeuisediol mMsszgnd
¥

4. Timsesflovanlumswanissuy fideuaz hidudon

5. lseAnSamfmngay “lumsﬁmmnﬁamuqu ITVUNARINRE YA
naN iy msaaugui3elaman N3AIUAN Stepping Motor 1@l

nqufuazmsldonlulasnenTnsames aszqa Mcs-51 # 18ndn vt i

[ } 4 [ v )
Ahafoedmnitariiiy ﬁ'mm“lﬂeru“lﬂﬁﬂzﬁnynwmﬂn'Iﬁ'mwf;'anﬁ'aﬁ'aé’nﬁq%mdn

L7 9 & LY

2.8 anmMIsmMauuasnguussduveaszunTnssng
} 4 k)
lumsarugussvunazginsalTndh  saakents Tnsswet pomeuds Houdonig
[] [ L4 - | v [] o ar o ]
malasaneInsdwinoly @PaBx) niormIATad0Yee 0adn s Insdmiuvedszmelng
[ [ 1 4 » [ »

ﬁluﬁanmﬂumsﬂﬂﬂammsszm‘mﬁ'mmﬂ"mﬁuszuu AuuTTUUNS UM Fenuma
InsAnviezdesannsofane ezt lodygusangmeTnsdnild gy msuny

MINY,FYY Y Dialling Tone Fyanaufon dunn Ringing Tone 1iudu

2.8.1 anmaMamvvesszuuInsin
v ¢ @ Y aYy @ A 4 v o4
1. uangInsdwiessu§hiidane nmsldTnsdw wislimsonyiases Insdnsivy
2. yueny Insfniszasdoyg i Dialing tone wwendléndasTnssmi
4 @ J o g @ e Yo ol ¥ a
3. mimlmsdwiwhmsdsiamnoandi  fSonnamnmaviideinsiasedy
Tgasens Insdiwsd

t 44 - 4 <

4. yuene Insfimivzsiimsdedsesaumn TinudiSenddaniSen uazaNdyw

hluen FSundumed mnuay fideamsande dauthende i drivdezaiduyanu

Ringing Back Tone AIMIA 440 B30 1y 480 dsad finoqmaswuiussds 1 Suit Row s
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-

a o o W VY P EY a vy o 1w o a 4
UM 'da‘Uﬂu'lﬂllﬂﬂ'l"anlﬁ‘Uﬂ ﬂﬂsiﬂ"li%%ﬂﬂﬂﬂ11111\1ﬂ‘0$ﬁ\1’dﬂ]ﬂ]1ﬂ171ﬂ1111ﬂ 480 FIacy

v U

[y

M 620 B30 weguaas A Taveeds 1 Sundl Sou 1 Suriadudiy
5. dienagnTedInsdnd sxdedygna TufepmoTnsdimd  oventiquens
td
Insfiwimsy Huga mmﬂﬂauax‘lﬁ"qumuImﬁ"wﬁ'ﬁ'ﬂ'N%sﬁunu‘nszmné’f&'unnmzé’
gnisun

2.8.2 fyanansqiidananyuaeTnsin

- Y@ Dialling Tone

a

Dialling Tone 425 Hz

[] b 4 []
ﬁluﬁ'tunnmﬁmmnen“lﬁ'm‘nmwmxﬁmaagumuw%’auﬁ wiusamsna wng

v o

Y

Y o as dy s 1 A d' ad o
unEEen 1940 unmmsnﬂnmmm"lﬁanumpmunfluammumﬂammmmn 425 @30

«
ar

"
=) dy 4 o & @ o
vz 1dduider Fyguil WermsonmaiesInsdmw

o

- ARy 1% Engaged Tone 130 Busy Tone

0258 0.258 0258

Engaged Tone 025s 0258 0258 0258 425 Hz

v ¥
nfluﬁ'tytg1mﬁmmnan'lﬁ'nﬂmmmmmﬂawmnz"lﬁﬁufftynpmﬁ #danh
@ d’ a o ] o a 7 ar a =
nsnamnomy ldudrdagnuiier dudaapaindugie anud 425 Giad 63 025 S

Jou 025 3

- dyg Ringing Tone

18 58

Ringing Tone 425 Hz




[]

Whdygraiidifon lddundimnnamnoavasuuds  iovenlinsrwhnsdeld

“
i 4

nssiuaivvaziigumelédidyguison Ringing Signal TisfiSon anwd 425 §3adTlao

LY a a o = L)
VWA 1 IUM YD 5 UM

- deyQal Congestion Tone

Congestion Tone 0255 0758 0258 0758 0288 425 Hz

s d' EY) ¥ Jd s (-} Y Y a A a
Hudyana fivenlinswhn  gUnsslneds  lifvawesumsIdusas nied

Block (B3 1Mmady

- dyanudug

dudygrafirn unstifdmene TidesnissuTnsdniae Special Information

tone
Qs I3

2.8.3 InsAnwnuvuna}u (Push button)

@ o 9 o [ @ 4 A a '

dygaldamuminovesdifon gadslugdvesdyana 2 awd wiesvnd DTME

. 2 q vy a ' ' o
(Dual Tone Multi Frequency)  #1%99d luudaanarlumslumsdmuisiavaunse
udrezmdeifios 0.7 Surfisavmne anvAanaaiilemateonin  mseiinisasisasy
:; o n’l’ [Y %o (=4 [) A' 4
AND 2 A wisuqtuuennmindiminse Wwaulsa ldunntuiiniga * (star) uaz
é = ~ 1] 1] s L 1 o ~ 1]
#( Square) F15lums uTasiianae 19U USmsEunIte . ANuETRuTauLEsn
' A ] a c’: 3 a a c’ﬂ 9 ] =io' 3 1

iy 2 nqufenguanudigedwmdnud 1205 Bsaduduly HOZNRUANUAMAIA 942
o o s & d'l o & J ci ]
1B3ng aan dwaasluglii 215 Wedn aawd 2 anudnnequanudguas nguad
e v ¥ } 4 [ [3
ddhezgnavean flume  Awesnrdivaessiuediu]uiinaawglii 215, 22.16 |
217 wwiievhasamjamangiay 5 Al 770 §sad uaz 1336 1839 gndieen’ly

9/ o
nSouqNUY

- 038311
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897 Hz 1 2 3 A
770 Hz 4 5 6 B
852 Hz 7 8 9 C
941 Hz * 0 # D

1209 Hz 1336Hz 1477 Hz 1633 Hz

U7 2.15 Tone Table

Hz 1209 1336 1477
697 1 2 3
770 4 5 6
825 7 8 9
941 * 0 #

i 216 munwd DIME futluding

Frequency Hz
Button Group 1 Group 2
1 697 1209
2 697 1336
3 697 1477

WA 217 a2d DIMF Autlufing
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8255
34 4
[ Do PAO
X Pl 3
37— D2 pa2 [T
D3 PA3
= Y=
55— Ds PAs [ 3%
21y Pa7 3T
5 18
RD PRo
L e pBl 1%
PR
pm [
e
2 {a0 PB¢
R et 7 [
35 14
RESE! PCO
—es re1 [
rc2 [ 8
o I
PCY
2w rCs [T
— 1o pes -

1R 217 uamamsiaBsevianag veq 8255

L o o d’
JWATPIRVDIVIIAIY

D0-D7 - xi‘lumﬁ?fa%’eyaﬁuwnuavnmﬁwvl dovriudhenn szaaififuiaues
TuTasnoulnsames nwal‘nmu1mmuwau11auamnwasmmmu"163'

Cs - muﬂumammmauw'vmaz%’uammmmuuamwmaanw 82551i®
‘Iﬁ"hﬂﬂsﬂau'[mmaasmmmwvumamuuayamnwasﬂ'lﬁ'

RD - dludygusuyn ﬁﬁmdammn%ﬁg dlodygna Aty o uas
dygnaii cs du o daw 8255 wiidiy swdoyaninvaly  vugi
Hunesasuyn

WR - iudyanunis@ou e uaﬂnwmﬂf‘r"mimm WR uasdyanu cs iy

0 ﬁ'muigmummmn ‘B‘Wﬂmﬂﬂﬂ\iﬂﬁl‘UUu‘UﬂNﬁﬂdWﬂiﬂﬂﬁ1Huﬁ

A0-Al - anSnvesdyauniansnzosasiaeonu iy 4 THaoR MUAT e
¢ o A ' o ¢ a o s
lﬂa?ﬂ']ﬂ?.u"l‘lfﬂuﬂaﬂuwasﬂau?!"le’]"ﬂ"ﬂaqwaiﬂ 8255
ORESET - 1ﬁuﬁmuiy1mﬁ?immnmuuann’xﬁmv’hms‘s’t%namuzﬁiwq YD 8255
o o s a4 o & S
PAO-PA7T - dlumedyanadiluwesaves 8255 fitewasa A m3idenneimdenIay

TULBAIATY AO-A]
PBO-PB7 - ilumedyanafifiunesaues 8255 fdensda B m3dennesaien Tay
FYYULBAATA AO-Al
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PCO-PC7 - iumudygradidiunesaves 8255 Fdonsdn madenweiaidon Tay
dyYuLOAATY A0-Al

2.9.2 Tnssadhamely 8255

8255 1iiugunsal LSI (LARGE SCALE INTEGRATED CIRCUTT) ussgegluniin
INNYUIA 40 1 UWUUDIP(DUAL-IN-LINE PACKAGE) i’]ﬂlﬁlﬂ]ﬂlﬂi’]\iﬂu‘UB\lﬂﬁU'] 8255 N
‘I‘UﬂuﬂﬂlﬂuﬂUWﬂﬂi’JWlWﬂWﬂﬁﬂIﬂUUWﬂiﬂ‘Uu'lﬂ 8 ‘Uﬂ'nmmmm'lm'ﬂuauwwsmamww

Aldsmau 3 wesa 31 218 uaaslnssadumeoluves 8255 Fanhd  arsvhen
o o d
usazudeniifail

POWER | ——— 4s5v
SUPPLY | —— GND [—
/'————N|Group A
PAQ-PA7
GROUP A V| PorRT A
>

PORT A

DATA N V| port C
() s (2 )
8 BIT
DATA BUS GROUP B ,,COE‘>

Al | wrre GROUP B <L GROUP B /I_lpno.:pm )

CONTROL
A0 »| CONTROL PORT B
RESET LOGIC _—]

W 218 Tnssadunioluves 8255
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uaaﬂnauusn'lﬁ’unuaaﬂmunazjmmauaasﬂwﬂumum‘muﬂanuaﬂnsmma
usnduq Taeiivn PAO-PAT.PBO-PBT oz PCO-PCT ifiumeiuvesdoyass znIngUnsalme
uondu 8255 nmmm1mmmuﬂ~gﬂumaamﬂuauvm 1©n 3 wesaldiun wesa Aa)
wesn BEB)aznesn CC) wasﬂmmuuﬂawammmsmﬂu"lﬁmwesﬂauwmmmﬂwm
ufuad 1z fnua uﬂawuaaﬂ‘aonﬂmmmx‘mumnuufmauamu“lwaq 8255
uaeAnguiau14un Group A Coatrol uag Group B Control Ynmihfiflusasivua
5ﬂytu~nwmﬂuvmwaswauwmmﬂmm 3 WO3A (8255 :Janytuoms*nmummnmanuau
3 Tnua awnsefmual@enms Tusunsy ‘Iﬂummmmnﬂn ) Wiy 8255 umesaiilss
ﬂE]‘Uﬂ’JUWE)Smm‘Iﬂ 4 1 §auu 2 wosaldun Group A Control il Group B Control 1ag
Group Control ‘ﬂ"ﬂ’J‘UﬂilWE)iﬂ A fluwesa C f}mmuqamu Group B Control <AIUAY
Wosa B AU wesn C Adadudh
vaeagae1dus uﬂxﬂawamtmana (Data Bus Buffer) (nzdauniugunis
80U (Read/Write Control) $9USonmai0s nﬂumuﬂﬂﬂanu1nTﬂsﬂauInsa1aas m
nmmﬂuuwnwaﬂnnuuavaumm"111IﬂsﬂauT°nsmaamazmunmmn“lmaymﬁ'man

mnsamﬂasnw‘lum“ﬁngnﬂaaﬁaﬂﬂﬁmnumsv‘hamvmszuu

2.9.3 nImununInIedautayn

mnszunﬁﬂﬁxﬁmmuaaaﬁﬂmmzxﬁu‘lﬁ"hmsﬁﬂdaszwiw 8255 Audfgezrim
Hadoyaits s 1dy wazdwesnndiigezitudiinesaey 4 woinlaomsdranesalils Ao
MU A1 Uszneufudygna cs St o
1NN 2-2 ti’luﬁsﬂmsdmmzwuuvm 8255 iedygnu RD i o wi’lumsmum
nnwesalanesanilsnn 3 wedn Fagnidondaw A0 fu A1 usidh Ao fu a1 dhi1 g 8
wiflumsse mmmmmmanuwammmn wf’unmwasmﬂymnsumuqummmu
YD 8255 cmsﬂmﬂaswwgmmmmumaq"hJ‘lﬁ'uﬂ'lumuﬁnmum‘lﬁ' e 8255 Nildgn
AARBAIY (CS=1 S0 RD 1Az WR = 1) Faynq 8255 nmﬂanwwgvag“luamm High

Impedance cmﬂzxﬁumsuanﬁaaanmns uuxwa’lmwgﬁmanuuuuauq



Al A0 RD WR (s

Input operation (READ)

0 0 0 1 0 Port A-->Data Bus

0 1 0 1 0 Port B-->Data Bus

1 0 0 1 0 Port C --> Data Bus

Output operation(WRITE)

0 0 1 0 0 Port A ---> Data Bus

0 1 1 0 0 Port B ---> Data Bus

1 0 1 0 0 Port C ---> Data Bus

1 1 1 0 0 Control ---> Data Bus

Disable Function

X X X X 1 Data Bus ---> 3-state
Illegal condition
1 1 0 1 0 Data Bus ---> 3-state

X X 1 1 0

Source:Courtesyof Inte] Corporation

TN 2-2 msmmmmsa'mx%uum 8255

1IN 22 uaplnseuasiSouves s2ss dledyana RD fhuo gy
msmumﬂmwem“lﬁwamnmmn 3 woin Fagnidondau Ao My A1 il A0 fu Al
1 g mvnﬂumsszmmmmsmﬂanuwammuﬂu cmuflussmmasmﬂymnsumu
UMY 8255 qmﬂﬁmasumwummmwuumm'11J'lﬁ'xm'lummmmuﬂﬂﬁ'
8255 Wldgndadedas (cs=1 wio RD ugs WR = 1) Yarveq 8255 mmanuwgwau

Tusra1uz High Impedance mnﬂi‘lunmwnmaanmﬂs'"umwa“lwuwgﬂﬂﬂanmuuuauq

2.9.4 Tnuanmahawves 8255
- Mode 0 : Basic I/0
e 8255 mauﬂanwwgmﬂawmsmnuﬂnmmmmu Hulnua 3 Tnua

11?amﬂ'wwu'[nuﬂum‘n‘n/swm 11 fmqmmuaanTnuﬂmswmuuuu Nonhandshaking
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[ 1 4 ] .
wiouuylifidonly tylnua o Imuﬂﬁﬁ'uazﬁmdeﬁﬁaﬂmqunﬁm{ﬂ"lﬁtTawa{ﬂﬂmfgu
Hnugu Tnuaves 8255

- Mode 1 ; Strobed /O
1 4 v .
T4 Mode i 1ﬁut?aatﬁaaﬁumsmnﬁauﬁtyqnm handshak  uazmsdwnes e
a 1 ' ely 4 < @ 1 4 o
VOIMIAAADITNIN VO W lnuaiinesn A uax B suillunesatoya diuneda o onld
1 4
f?m:'i”umsﬁ%’nuazﬂswaauan1uzﬁqxnpmfs’unﬂwa§ﬂﬂ'anpJ ulnuafinsth  Dan
»
Transfer ﬁ%wg'lummsmmsmmmsﬁmwm 8255 18
@ o =t ) 1 b 4 )
aNBUSMIMIUYDY 8255 TuTnye | wunsimenezsliness A B {luInput
4 gy vay g o o o ¢
1138 Output 390 4 iy wenniigeannsadeldneda A MaiTnue 1 vasdi woda B
i Tnua 0 1850
= J 3 o

mIweam 8255 Tulnug 1 Taomseudoyasianesa c s Tnan
Status Word ¥0Tmun 1 3137 Accumulator Fedmass A dhimesaduwn wazneda
B ifunesaeniym lfaunsanssvaeul¢iuiueh opr ude IBF 14

PC 6 130 7 Wo¥n A 1y Inpur) e pC 4 30 s (wosh A iy Oupury &1
18189 Handshak fowerda Moty yo MW uazewegnenudiugm
dunilsvesaamzyes Tuua 1

M ldmshouusunessly g INTR sronidnile Ack namihy 1
(Butfer Twdmivdoyauds) niaide sTm a1 (i UP Buter lidoyauds) INTR
o19gmimdh INTE ﬁaeﬂﬂﬁ'mﬁu'lﬁgmc?mfﬂa%ﬁg Fenmuodiu TnuadindnSim

- Mode 2 : Strobed Bidirectional /0

1uTnun 2 wosh A woq 8255 wnmuitunedafudidoyauny  aosfiama
M5HMURIT Handshake vndyanusag s dygne AYYU Handshake iMail
nvazmahaudusuly e 1 uatnzdwbatunesn A iy 13 lFnuly
Tnmﬁ"lﬁ'udn1sth1’1’ayaszn'J'Nﬂauﬁma{ 2 1A8q

donesa A e Tdsunsuio o luTnus - weia B amnsaremly
Tnya 0 w3 Tvua 1 SrgnTusunsudmsy Tnua o PCO-PC2  aunvagnTsunsulw
iU Input 5o Oupur Bimosa B dlulnue 1 uds  pPeo.pey wnmuiludyana
Handshake §3unesail
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[ v y
devhmsisanms lsunsy Tnuafdiu W 1 muauis 8255 eziidnyag
mathemed 4 davazluTiue 2 dudentios Tlsunsumedn A Tnun 2 wosa B
Input Inua 0 uaz PCO-PC2 ({u Output 113 0 TAg Control Word #8 11XX X010

2.10 Ms1¥%4 LCD MODULE

flogliu Lep Whuditenl$funsann ﬁm%’nﬂﬁufrmwaiuxﬂ?mﬁaxﬂ?mh’f’dnq
1%@1‘4'11?84mﬂﬁmmmmmuﬁwﬂszmsffum ﬁﬂuﬁmummsﬁunszuafﬁ GRIVARE
ufrmwmfluﬁuﬁﬂysﬁ?auaﬂmmﬂu;ﬂnﬂ'ﬂﬁn“lﬁ @amziw) wdalymideludmes
Faflszuumamauisudon wazmginselldreudhann uﬁmmzﬁyé'wﬁﬂ LCD 913y
fiflu LCD MODULE vanindediu MODULE #ifi# LCD uazRvIAguIn oy
wdrludr  (Fond Lomy é@ﬁﬂﬁvﬁ%’mmsnw’am’;ﬁr‘fmzun'luTﬂsﬂauTmaxaas“lﬁiw
uazaxmn?’rm%"nmsﬁﬂuTﬂsuﬂsmwﬁyaﬁﬁmﬁ1uﬁuad1an’3’1wm uaslinmiimng
au dhlilimedn TuTnsnounsamesiuunBimuanwadas Lep MODULE fuyn
#u Lcp MODULE Nogumnenanofu  uasfnaeniid uandrefu S 18, 2
nguMAnA® UUY DOT MATRIX tay GRAPHIC laguuy DOT MATRIX 9zuaainaiiiu
AIOAYTYUIA 5+8 DOT wazlismauddnysuazs manssia uangami 1 luudag sy
dIMUVY GRAPHIC vssamnsouaatsa uuuy BIT - MAP  fevzaadiunmiag
TRawdeamsuuamelums ot 2 uyy veildnyueIndifioatu nsldnulanta
inezlfiuy DOT MATRIX nnnduiteasing] Mgn  wazdiganesoaudlng uay
eznantemsl¥outy DOT MATRIX  winly fluaiAves DOT' MATRIX LCD
MODULE awnsaagiihudeq ldaeii
1. Ehiidennmoiuawmsldnu Taeflinudasnysuasussa uangaiy Ty
2. fI9NNSUAAIAIY DOT MATRIX YUIA 5*8 DOT
3. munsaseriiuszunluTnsneuInsames 18 2 Snvasdeuuy MEMORY
MAP (20 - PIN LCD BUS) UQzliuusiu 8255 PORT
(26-PIN 8255 BUS) laonsdl 26 - PIN 8255 BUS vz 1%siu pPCB (DMCAD)
thuda ADAPTER Wil s255 BUS 80l
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4. m3ldanudouazazain szunlulnsneu Insamedifswmsdedoyaldiy Lep
MODULE tinfudeno fesusnguuumiaaiazezasdne YBaasa Tl
TideuGenamdnuosszuylulasaeu Insaes

5. fifdaimdmivsnnsawazain nnne 1% CLEAR DISPLAY , HOME
CURRSOR , ON OFF CURRSOR , BLINK CHARACTER liazhuqdn

o

6. ansauanwaliuiSayIMESngy uas Miavld 160 42 uas dyndnuel

» v
Wierydn 32 d2 sawiaunsofmuasnysioenuuued1dsn s &

i 4 i 4 ¥ E4
7. funszuenies wasthiwninun  sawiehem 18820 Mdoessny 5V mimiu

2.10.1 Maye vy LCD MODULE

PIN SYMBOL LEVEL FUNCTION
1 Vss --- 0V GND
2 Vee --- + 5 V POWER SUPPLY
3 Vee --- + V FOR LIQUID CRYTAL DRIVE
4 Rs H/L REGISTER SELECT
H: DATA INPUT L: INSTRUCTION INPUT
5 R/W H/L H: DATA READ L: DATA WRITE
6 E H ENABLE SIGNAL (L -> H)
7 DB 0 H/L DATA BUS BIT 0
8 DB 1 H/L DATA BUS BIT 1
9 DB 2 H/L DATA BUS BIT 2
10 DB 3 H/L DATA BUS BIT 3
11 DB 4 H/L DATA BUS BIT 4
12 DB S H/L DATA BUS BIT 5
13 DB 6 H/L DATA BUS BIT 6
14 DB 7 H/L DATA BUS BIT 7
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2.10.2 myaanfuszuululnsnouinsass
R VoY w 'Y ]
LCD MODULE szapinnuszuy lulasasulnsawesld 2 Snwus douwy
MEMORY MAP Iagi LCD BUS 4uia 20 PIN  L@zuuy /O PORT laus1u 8255
BUS wwa 26 PIN Famasauuiiezided uazdedesuandrs fuly Tasusiazuuy

LHUNANNITAIN
2.10.3 N15ABLUL MEMORY MAP

1. mwnsodedniy  cHP weiaq 18 W sos1 | 8031 uie z80lagazin 1
szuululasaeulnsamesuoufin  LCD MODULE ludnuamsves MEMORY ‘l&vu#i

2. AlFewnsadou wazewdeyan  Leb MODULE Wi lrusuatiou-uiiy
MEMORY BUFFER ldlufadauanslugilii 2.10
- 4 * g v WY QX o qu )

3. wewnmansamdeyanduld  Suhlfaunsoasnaeulicn FLAG A
wiouluvuzil LCD MODULE fdahanld

4. 118 uuesafifl Lep BUS midndouiiiy

o Ya dy ci ] o U é 9/ ot =)
5. dhlinuiuivesmizeanud I dunils uasdeaiing DECODE asiduamne

6. msvandyanuesdeuiiullamunuuves cHIP udaziueidae
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10 K '®) Vce +5V
. AN
Vss J} voI vDD
3
LCD MODULE 6 E 14
14 13 12 11 10 9 8 7 5 4

T 12
13
1
2
3
4
5
6
7
8

8031

P3.4

P3.2
P3.3

P1.0
P1.1
P1.2
P1.3
P1.4
P1.5
P1.6
P1.7

U 219 sedunsBumesiva Mcs-51 Au LM

2.10.4 M3sislUY VO PORT

483 LCD MODULE fdaaslugiil 2201 awnsodeidhiy o PorRT laq #18

y
Taoldmodgana Swau 11 dunezl¥hbunsududs e dyanatunidasiiude

fimua
) 2
2. fldozdon doyald LcD MODULE  1Rednidenda

Aldaserimua

MEMORY daunilaitifluiaiion BUFFER iU LCD MODULE Bnfi

3. wiewn Tannse ewdeya aduld  Fedesidnismizanm wesszwu

Tulasaoulnsames wuiessl LCD MODULE  nshwuaunisa

4. ¥ldfuveianig lunil PORT
s. lun@esdiuves MEMORY lunisldau

6. mIsavidyanuhldeddasy
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Vce
8255

Vce
VR § ,
10K VEE

-GND

Vss

PBO

RS LCM

PB1

RW

PB2

PAQ-PA7

N

D0-D7

11U 2.20 uermamisde 10 PORT Wiy Lom

2.10.5 yamdsmuguuaznsiaastoning

R | DATA BIT EXE.
INSTRUCTION R|/ TIME
SIW|7 |65 |4 |3 |2 |1 ()
CLEAR DISPLAY 0jofo oo [0 |o 0 1640
CURRSORATHOME [0 (0|0 [0 0 |0 |0 [0 |1 1640
ENTER MODE SET 0jofo fojo |o [0 {1 | 40
DISPLAY ON/OFF 0jofo fo]lo [0 |1 |D]|cC 40
DISPLAY SHIFT 0jofofojo [1 [sclrL]| * 40
FUNCTION SET 0f0(0 o1 [DL| N|F | =» 40
SET CGRAM ADD 00| 0 | 1|CGRAM ADDRESS 40
SET DDRAM ADD 001 |DDRAM ADDRESS 40
BUSY , ADD. READ | 0 | 1 ADDRESS 0
BF
CGRAM , DDRAM| 1 | 0 | WRITE DATA 40
WR
CGRAM , DDRAMRD | 1 | 1 | READ DATA 40
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2.10.6 A lonug

. mydoudeya iy LcD MODULE  szudaflu 2 dnwmz fie
INSTRUCTION uag DATA Tagsfimuadioundyaia RS fisth RS =0 swnang fads
dyauAIUAN (INSTRUCTION) #3981A1 FLAG @AIMA1514IMY8d LCD MODULE
azd RS = 1 sznanefan1siiounsesiu DATA il LCD MODULE

2. winmslunsdoudeyald LCD MODULE Aadefinsdoudoyaluud
@ LCDMODULE  wedoeldiomlu madhawdhvaenils  (w EXECUTE TIME
Tums1a) Faszuvlulnsaeuinsamed amnsonsnaenldnn BUSY FLAG (BF) uaz
fiSvudeunds Seemnsadoudoyasude il lunsdifimsaesendiu suy 1O PORT
fp lansoswdeyadounduld  szuululasneulnsamesfedesldiinmsmizam
unu

3. maidou foyaldfu LoD MODULE §  aanseviléWauun 8 BIT  was 4
BIT lagnsdl 4 BIT  osldmodyq s DATA ifivs 4 1 du As DB4-DB7  (Mdmiu
szuvlulnsneulnsamesuvy 4BIT wie iiedszwdamy)  msiSoudoyaszasein
miloufy 8 BIT Wowalf@ou2ns fio DB4-DB7  douudanwudas DBO - DB3
uazazdpafmuaguanAaue DL Tufds FUNCTION SET dae

4. DDRAM (DISPLAY DATA RAM) flemiaganusimelugi LCD MODULE
fufiu BUFFER voedoyn Taofadousia ascn Taq  aclumizsanudnil fezilsng
' fudsausfunauaa i

5. CGRAM (CHARACTER GENERATOR RAM) fevigaywsine  1ud3
LCD MODULE  dwsuifluamdisnys #fldannsoadielfios (8§ ) Tavezdn

»
ADDRESS 1#%inua 65 BYTE flo 8 Aa0nysqaifiu 8 ROW
2.10.7 Tgazdunvedunasmea

1. CLEAR DISPLAY
RS R/'W DB7 DB6 DBS DB4 DB3 DB2 DBl DBO

0 0 0 0 0 0 0 0 0 1
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dM3UNIT CLEAR DISPLAY  Tassen1sioudasnys sPACE asly DDRAM

L4
s

ninuauazimuad DDRAM ADDRESS IWifuo wibuws CURRSOR sendylyi

Aumisdheuugavetseniw
2. CURRSOR AT HOME

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 0 0 1 *

dmiufmuait DDRAM ADDRESs Iiilu o w¥eushi CURRSOR 1z g

dumisieuugavessam Tnoiidoyalu Doram  Tiinag wemlag
3. ENTER MODE

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

0 0 0 0 0 0 0 1 I/D S

I/D = 0 fimuafiamaved CURRSOR lag DDRAM Iithuuy DECREMENT

ID = 1 fimuafiameued CURRSOR uag DDRAM Wiy INCREMENT

s = 0 iifodoutoyandh #1 CURRSOR szgnidoulufiamenud 1D

s = 1 iifodoudoyauds # CURRSOR azedfiuil uazdasnurezgndul
e D

a,

nafmua 1D wez s Idfmuedeu nsdoudeyaly DDRAM uauide
Amuauda szdeahildhda CLEAR DISPLAY B0

4. DISPLAY ON/OFF

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBI DBO

0 0 0 0 0 0 1 D C B




D=0 fwmual# OFF DISPLAY

D=1 fmuald ON DISPLAY

C=0 fnuall OFF CURRSOR

C=1 fmuald ON CURRSOR 1Ay CURRSOR veifiuiduialdiasnys
B=0 fwmualdluifimsnsznSufismnis CURRSOR

B=1 fwmualdinmsnszniufidumys CURRSOR (ns:w?mi‘lu;ﬂé

Maow)
5. DISPLAY SHIFT

RS R/'W DB7 DB6 DBS5 DB4 DB3 DB2 DBI DBO

0 0 0 0 0 1 S/IC | RL * *

S/C=0 fmualidou CURRSOR muiiam RL 11 1 1wl
° 4 a

S/IC=1  Amualdideudeanuuuunaansauiiome RL 1 1
COLUMN (ti8unnussiia)

0 fwmualdfsme lumedhe

R/L
RL =1 fmualiinagmasldmesn

6. FUNCTION SET

RS R/'W DB7 DB6 DBS5 DB4 DB3 DB2 DBI DBO

0 0 0 0 1 DL N F * *

DL=0 fmualinisAadesy LcD MODULE fuuuy 4 BIT
DL=1 fiwmual¥msfadety Lcd MODULE dluuuy 8 BIT §unadh ms
v DL 1 awsansyi147 DBa - DB7 Fedrfinsdmualdily
U 4 BIT GT"eusaiﬂs""'msn ﬂﬁw1n'n'w‘lﬂx?;mﬁnzﬁﬂﬁ' LCD MODULE i
msiudeyauuy 4 BIT ¥udl
N=0  $WmYyssiauuy 1/8 DUTY uag 111 DUTY
N=1  AmMuaiuIuussiauuy 1/16 DUTY
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F=0 fmualdddnusuuy s+7 DOTS
F=1 fmualdddnusduuuy s*10 DOTS (n38i# LCD MODULE
uuy 5+7 sgudanes Witiwaes 15 )

7. SET CGRAM ADDRESS

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

0 0 0 1 CGRAM ADDRESS

dmiun1siMun ADDRESS ¥03 CGRAM  iiielé asdmualiuda aseiy

v 1 4 v
uaziou DATA fidenindivzidluluaiy ADDRESS fifwmuariudl
8. SET DDRAM ADDRESS

RS RW DB7 DB6 DBS DB4 DB3 DB2 DBl DBO

0 0 1 DDRAM ADDRESS

@mSunsimua ADDRESS 984 DDRAM (e ldvhnsfmua Budanmssy uag

] 1 4 v .
Weu DATA #dee1nil xiiuluan ADDRESS figimuasiu fMuUNUIve9 ADDRESS 1y
wrnzfuszliiwananiuin  mozdwaushysdoussia livhiuduaassenmde ly

¥ 1 4
Tassouilldju DMci64 Hlina 16 * 4 9 §adnus Trvazdoadede i

00 |01 02 103 |04 05 )06 07 |08 |09 [0A |[0B |oCc oD |oOE [oF

40 4 42 143 |44 5 46 |47 (48 |49 |4A |4B [4C | 4D | 4E | 4F

10 11 12 ] 13 (14| 15] 16 17| 18 19 (1A}l 1IB| IC| ID] 1E| 1IF

50 | 51| 52|53} 545 |5]|57)] 58] 59| sa 5B| 5C| 5D | SE | 5F




9. BUSY FLAG AND ADDRESS READ

RS R/W- DB7 DB6 DBS DB4 DB3 DB2 DBl DBO

0 1 BF ADDRESS

dmiun1semd1 BF BUSY FLAG) awenisnmumiouved LD MODULE
nsfudoya f1BF =0 wuwlihmdoniiezsy doyade /14 udéh BE = 1 mnedehis

t 4
Tuwfon wennnfiduiiunisswish ADDRESS ypg CGRAM 59 DDRAM @4t

2.10.8 m3enmazmudeudeyaiy DDRAM / CGRAM
1. WRITE DATA TO DDRAM OR CGRAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 0 DATA

dmiunmsliudeyanmiisnust  DDRAM 30 CGRAM Tagiiemnndoy
&2 ADDRESS vgnifinnion Tavdalui@auiidmuanndr 1D Tudids ENTRY

-} J ar \ 1 [-3 Q'I -}
MODE SET uagms@ouszily DDRAM %59 CGRAM Aufud doumhénds Sms
f"MUA ADDRESS #la

2. READ DATA FROM DDRAM OR CGRAM

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 1 DATA

~

dmiy msgwdeyaninmizenans) DDRAM 3o CGRAM Tnidiehmsidioy
Wd? ADDRESS szgitunioaslnesaluia mufidmuasind /D lufda ENTRY

v 2 o 4 o & & a
MODE SET uazmsemeziily  DDRAM %39 CGRAM nvufunounth fdail ins
fiMMuA ADDRESS la
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2.10.9 uwImemsivauldsunsuniugy

L dieshel@sliiy Lep MODULE nfwmisn meluesfing RESET 52U1
Toodaluid F19:19 10 ms NROINTEAVUTITUTURL 45V udwaiiszuy RESET
AINaIENTY mmmaqmﬂﬂ'lﬂu

J s CLEAR 98mmiiana (CLEAR DISPLAY)

- fmuaguauiAdIeiid  FUNCTION SET &p DL =1 (fAasonuszuululas
nou Insaaes Ly 8 BIT) , N =0 maaideya 1 ussiy, F=0 (Mmuafisnysuuy
5%7 DOTS

- fmusfueniAdaodids DISPLAY ON/OFF fle D = 0 (hinaasdoya) c = 0
(CURRSOR OFF) , B = 0 (BLINK OFF)

- fuequanliadaedds ENTRY MODE SET & D = 1 (INCREMENT) ,
S = 0 (NO SHIFT) M3 1911 LCD MODULE ~ fesseluuaums RESET moluhau
Goudeoroudesasvaey 188 Br (BUSY FLAG) #3oo1vv ¥ 1sniamild

2. ms"hmu LCD MODULE mmuwmnumamu Iﬂsunsmﬁumu"lnm‘mm
Faq 5wt msmumamwauauu wgnimuadae mammmmnuﬂ'nuaqﬂnﬂ
Tlsunsuezdesdmunquantiaang  ideans iidiudy wazonifufezituntsenuas

. d H &
Woudeyanalu DDRAM Hfifiedeniuing Iuanntueg
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UNN 3

=) LY L4
53‘1]‘1]!9]91!312151121114‘1]114

=) o 9/ : o a - o -

szuumeudomeluinniu idihufessumaven  Tassmvesdinisfng

o et a A o aa d" o [ o a : s/

2539 wmimninilszaniammaiiaudgeiy  dmdumsihauvesssuudnin1aly

TuTnsaoulnsimoinszna MCS-51 voausin Intel wes 8031 yhuihiidudunanns

| 4
fAUAIUAUIassTNIaRamIhUTiMIAYes s LUdARdens e U UL YBIgLnT el
o da o .. 9/ a 1

AT9VY (Sensor) WlOWMWALLY Digital Tawoenuuuilaunsefiadeldgege 32 1

uazadunugUnselInfh 1o 9995 Solid State Relay  fienunsaldfugunsal Infhiild
| 4

usadu 220 Taad 10 uewilld 4 gadwmsuminsaldiudszneuvesssuminlsenoudae

Keyboard YU1A 4*3 fd, LCD display Module YM1@ 4 USS¥iaq az 16 Mdnys  deily

¥ v

- yaluga TaoiilulnsnouInsawmesmrugumsuanmnadnduniliinemn, Memory dmiy
-] j g 9 - L4 o .
iy Tdsunsuuezinudoyavuia 32 Alalun uaz YO Port 8255) $1u2U 72 bit

» *
dunsdmiumsfadedussunInsdmd Tudszneuds 2293 Hooking &9
fiduiu 3 gahimiiide1993 InsAsif1393 DTMF Generator , DTMF Decoder , Hagd

w 2 o aa o a g/ P
wiunn@eszuaTaea awdaulaoiilassaivesssuununlaesunsy g1l 3.1

Line (4718 Character)
9 Calling
D g

DTMF BCO Electrical
Decoder od9 1.4 Device
| ] Swi Mi e
Hook Switch cro Local Network
E controller RS-485 je———
= MCS-51 Driver RAREE——
G Data
enerator /11—42— .
Vdice Control Device

Voice Unit

Matrix
Keyboard
4*3

~ a a
JUf 3.1 udenlavzunsuveTTIMAY
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3.1 HaMTNATIUUNTNINIHYDITLULIAN

snmsnageums IFnulasmnitaussanuluaumansedaiinssee Usesil 2539

wundanaguaniinalsenise
a 1 Y A ] s c’u’/' aa 1 ]

3.1.1 msAadeusuaouriuni Insdwmiu  lunsdifaaeiuyuaienislu PABX) T
dapuamonouen wedidyanaududoulilfuniotingiamudas  (Pagen sruudalusid
n’: s [P- ) ar Qi u’: as [}
wudalilianunivewin  mszlEinsduandwnonyuazdaanoavesn luuduias
v v t 4
deasunafldduely  eedudvayanSedyanandudiousenly Tasliauleiesiidsy

A a A H d ¢ H o [ . 4 °
mulmemanTofade ldausall  wifiuhuniias Insdwie1n e (Dial Tone) u5e
as - o g/ -1 u’/’ n’: ' d’d P-1 a [ P-1
awlnsaniids  midnsududouniniulildsa  AremaiiSadinuianuian  aised
HNIIATIVABUAYYY Signalling @199 V8I5TUY NI
P} d' 8/ o ar - u’/’ a A o w ad o = o d'
312 szumﬁmmﬂw‘lfummuui’)’qmauuumunmmnwuamﬁmmunmmmmﬂn
9o " “ Y ° Y ' o do aract
Wamiuududounaztudumshaumumimang  dumameInsdwinin 1998005

a Ao ° 9/ d' o A2 o ’ Y A é [] 9/
naﬂ‘nw'lacmm'numuu‘nﬂmmaanm'[ﬁmﬂsumuuanmmsm %Qlﬂﬂ:ﬂ’lﬂiﬂﬂ"lﬂ‘b’

1 4
< a J LY

Y P A a =t U - | t
J1UUD imuuumﬂﬁ':nmswsmmTﬂsunsumumuua:nﬂauu‘mmu'nmfma'lnu

9

3.2 mIWannszuuAndeduInsdny
Taoldn/Aouiimsmaunniinsiduie  dunmediw@owuily - msaseaey
»
dyanm  Signaling @199 veszuUInsAWIue  uazlassnuilvsiuiinisan
»
IRMZYUAYITUUNALMID DTMF ( Dual Tone Multi Frequency ) Whiumszilegiiu
o a ) Y
sruunyuiulingg auniesunn
9/ d‘ o 1 & o o )
3$UU DTMF 3¢ 14n710984 Tone @sauvuanifissasudonauiunias Tanu
»
o voadoutiusmazuandeiuly lumsuanadudoena Signalling  dwqdaiuly
1 o o 9/ o o o 9 - - & a 8/ .Y
AIUUDEITAIIT (Hardware) 181529058 mM5UTmiIN Detect Al Falidoiunane
» [
upy udlaseemilldidenld 2eshfindnnsion wusadengyl (Phase Lock Loop)
a o a o ¢« A a o e ya a
mIela@osn g vinadn  Tasmmzaealinngn  dwaasam 3un 3.2 1951105
o s o ': 1 ~a
wos LMs67 Whundnlumsiem  9esannsa Detect ANwddwd 0.01 lufads 500
a a o P o o 1 P 1Y P .
alalmAanisUSuguaudlums Detect W ldTasdwiioal5uguil Varable Resister
o 1 ﬂ’l’ U 1 [ 4 A ° o
(VR) figsdufoainiu @ output filuuvusedy Logic o Ifazainlunistiilutlou

Miuszuu'lulasaouInsaos



yec

Ye
0.47aF ouT
I ! 1 > Al 34
Pil RT
A3 2
LFIL
=
= 1oF, L _Jor
E 033 uF oND €T

- 0.47uFIL TT e

3UN 8.2 2395 Detect ANNDFYYIU Signalling

: o 9 {I o o o 1 o o oA @
vimiu lddaadudiuaniaufuazilineaes  lasaedumeInsdniiensiasy

a . . 5’ Vv J ] 8 o v o o
AN DUPY Signalling Twilleduszdensse  vaudifugmolnsimiassquéony

o o s J : r Y P
Insfindl WlAdya e Dial Tone fou  91MiuTalSugu # VR (Variable Resister) 1ag
9§ o dq ¥ . [V Y = 0 dy (= 1 A
WIouAUATY Oscilloscope SudanwdlUdas  snmshauiinehiianu luazainiles
0 ¥
VINFRNINAYUANITITYYIY Signalling Wlisamn aatusIdesnuuuicesswlums
NAABY AI3UN 33 9zl Audio Signal Generator HazaINFAMTUAARBIRLIANTIN
v t 4 » [
Mmldmshauazanda¥iu  Wellfuguaies Detect ANMDIUAWTA Detect 18187 9214
(K] 1 4 v

A manem1891n Oscilloscope 31AU5UR  Signal Generator udatlouldiuesa 8

: d'l ] LY o' d' s 9 ¥ 1 -
A uemmIveInNUISIvBIdy yIumganNesfnshen 1duas ¢ i umdnsa
@M5UMS Coupling
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Signal ‘™ rl‘
SWITCH
Generator °
Oscilloscop

72397 Detect
LR n 1

Logic Prob

|

Telephone

RN

s 3.3 misTauazvadou Awdved Signalling

1NN IANATDVAINE

danu Outpur il 8 veslod LMs67 sxnlasunin

Logic “1” iilu Logic “0” isaeusasandudygalduasld doyaseninlugrlivuves

1A9LUNsNNIAT (Timming Diagram) HAZAITNANINDUOY FURNY Sienalling F13901y 51U
g :4% R gn g

3.4.1,3.42 HATMINA 3.5 MUAL

Dialling Tone 4512
Ringing Tone 1s 55 1s 445 Hz
0.258
Engaged Tone .o oes 445 Hz
q'~ o . . o &
JUA’ 8.4.1 Fya et Signalling Tone voIgNeNn Insdminielu PABX)
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Dialling Tone 425 Hz

Ringing Tone 1s 55 1s 425Hz

0.258

Engaged Tone ¢ 0.255 425 Hz

Congestion Tone
g 0.258 0.758 0.258 425 Hz
1800 Hz 1800 Hz
Spacial 1400 Hz ¢ 1400 Hz
pacia — —
Information Tone 3%H2 S a25Hz

311 3.4.2 Tyanm Signalling Tone yuenuInsniivenadims Insdnst

Dialling Tone  : @91IAYNMG 1B 1A A - Subscriber WyUNTONANINBIAY
YD B - subscriber
Ringin Tone : B - Subscriber 714
Engaged Tone : UBNANINIT B - Subscriber 13919
. U4 @ ta o Y a A a A
Congestion Tone : QﬂﬂimUNWﬂNIWNﬂE}ﬂUﬂ‘IﬂKUSﬂ‘li NIBUNT Block UBY
MINTtMedY

13-4

Spacial Information Tone : Wiudaanufiylunsain B Tidosmsume

Fodygm guaomely PABX) uUAWABUBA
T 445 Hz 420 Hz
Tiiana 445 Hz 670 Hz
Sundaems: 445 Hz 480 Hz

M319N 3.5 AINDUBITYY M Signalling




43

1ndoy aﬁ"lﬁmewmsmmmmmm ngnallmg ué"mmwumumalu (PABX) uu

Maudnudyanudian oo iniy UAYNTNOAWUBN NTDYNEWUBIBIAMT
v o 4 9 a = ° 9 o 1Y & [y JB
I‘Yliﬁ"W‘Yl uu"l‘vﬁwnunmummn uazmnmmwﬁu“lumﬂmmmmmzuumeunuuu

e 3 anuddyguie dyImde (Dial Tone), FyuiFonndl (Ringing Back Tone)
o (] & ~ o W a 5 a < & Ghaey
uaz dyauliin Busy Tone) iloanniiszoznamirdaguiumsiaute 1@denldHs
2 2 2
(WN9SNN Hardware 10 1AHN2995 Detect A7wdiiundn 3 yasaundiu anua 4 9a

uazeanuuLITBNABIIAUTT LAY Aaaaawgii 3.6

Teiphona line

EHS1

(Electronic
Hook Switch)

445 Hz
{Ringing Back
[Tone

Mcy

(Micro
Controller
8051)

420 Hz
(Ringing Back
[Tone Detsctor)

480 Hz
{Ringing Back
Detactor)

Tene

. — v .
670 Hz H l :>O H ’
: :EE (RInging Back . H
[Tone Datector)

% ,: 7414

Teiephone

gl 8.6 MINLIATIUY Signalling 11 UTELLIRY



» )
iy ldwanTusunsy (Software) mauiu Tsunsvussszvudy Tastimsyhauaw

Twawnsi Flow Char) 317 3.7 uaz 3.8 muddu

Gi%RT PROCEDURE

CHECK TELEPHONE
NUMBER

ON HOOK

YES EXTERNAL

\\\\\iZjL?

NO

<

y

DIAL PHONE
NUMBER
CUTTO

EXTERNAL

NO

HAVE DIAL
TONE

h 4

DIAL LOCAL
PHONE
NUMBER

A1l

71 8.7 CALLING PROCESS FLOW CHART
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DIAL PHONE
NUMBER

NO
HAVE RING

BACK TONE ?

TIME OUT ?

PLAY VOICE

\ 4

OFF HOOK

y
( END PROCEDURE ’

71/ 8.8 CALLING PROCESS FLOW CHART (9)
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a ° d H
3.3 efuamahaumainaysnzUn 8.7 uas 8.8
iWiogUnsalasa9dy  (Semsor) shemTaglfiondwndl Logic “17 wazezgnasae
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MAXILM

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

General Description

The MAX481E, MAX483E, MAX485E, MAX487E-MAX491E,
and MAX1487E are low-power transceivers for RS-485 and
RS-422 communications in harsh environments. Each driver
output and receiver input is protected against =15V electro-
static discharge (ESD) shocks, without latchup. These parts
contain one driver and one receiver. The MAX483E,
MAX487E, MAX488E, and MAX489E feature reduced slew-
rate drivers that minimize EM! and reduce reflections caused
by improperly terminated cables, thus -allowing error-free
data transmission up to 250kbps. The driver slew rates of the
MAX481E, MAX485E, MAX490E, MAX491E, and MAX1487E
are not limited, allowing them to transmit up to 2.5Mbps.

These transceivers draw as little as 120uA supply cuert
when unloaded or when fully loaded with disabled drivers
(see Selection Tableg). Additionally, the MAX481E,
MAX483E, and MAX487E have a low-current shutdown
mode in which they consume only 0.5pA. All parts operate
from a single +5V supply.

Drivers are short-circuit current limited, and are prolected
against excessive power dissipation by thermal shutdown
circuitry that places their outputs into a high-impedance
state. The receiver input has a fail-safe feature that guaran-
tees a logic-high output if the input is open circuit

The MAX487E and MAX1487E feature quarter-unit-load
receiver input impedance, allowing up to 128 transceivers
on the bus. The MAX488E-MAX491E are designed for full-
duplex communications, while the MAX481E, MAX483E,
MAX485E, MAX487E, and MAX1487E are designed for half-
duplex applications. For applications that are not ESD sen-
sitive see the pin- and function-compatible MAX481,
MAX483, MAX485, MAX487-MAX491, and MAX1487.

Applications
Low-Power RS-485 Transceivers

Low-Power RS-422 Transceivers

Level Translators

Transceivers for EMI-Sensitive Applications
Industrial-Control Local Area Networks

Features
¢ ESD Protection: +15kV—Human Body Mode!
4 Slew-Rate Limited for Error-Free Data
Transmission (MAX483E/487E/488E/489E)
¢ Low Quiescent Current:
120pA (MAX483E/487E/488E/489E)
230pA (MAX1487E)
300pA (MAX481E/485E/490E/491E)
4 -7V to +12V Common-Mode input Voltage Range
¢ Three-State Outputs
4 30ns Propagation Delays, 5ns Skew
(MAX481E/485E/490E/491E/1487E)
4 Full-Duplex and Half-Duplex Versions Available
4 Allows up to 128 Transceivers on the Bus
(MAX487E/MAX1487E)
4 Current Limiting and Thermal Shutdown for
Driver Overload Protection

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX481ECPA 0°Cto +70°C 8 Plastic DIP
MAX481ECSA 0°Cto +70°C 8 SO
MAX481EEPA -40°Cto +85°C 8 Plastic DIP
MAX481EESA -40°C to +85°C 8 SO

Ordering Information continued on last page.

Selection Table

PART HALFIFULL | DATA RATE | SLEW-RATE | LOW-POWER REDCR,E\',‘Q:R' leﬂ%ic;#'r T;f,ﬁ?ﬁ%‘é’;s PIN
NUMBER DUPLEX (Mbps) UMITED | SHUTDOWN ENABLE WA ON BUS COUNT
MAX481E Half 25 No Yes Yes 300 32 8
MAX4S3E Half 0.25 Yes Yes Yes 120 32 8
MAX485E Haif 25" No No Yes 300 32 8
MAXASTE Half 0.25 Yes Yes Yes 120 128 8
MAX488E Full 0.25 Yes No No 120 32 8
MAXAS9E Full 0.25 Yes No Yes 120 32 14
MAX490E Fult 2.5 No No No " 300 32 8
MAX491E Full 2.5 No No Yes 300 32 14
MAX1487E Half 2.5 No No Yes 230 128 8

MMAXIMNM Maxim Integrated Products 1

For free samples & the latest literature: httpz/www.maxim-ic.com, or phone 1-300-998-8800
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

12V

Supply Voltage (Vce) -

Control Input Voltage (RE, DE)....
Driver Input Voltage (Dl)..............

Driver Output Voltage (Y, Z: A, B) ..cccccvervuncrcrnecnncs -8Vto +12.5V
Receiver Input Voltage (A, B).....eeemreeveeerererannrnne -8Vto +12.5V
Receiver Output Voitage (RO).........ccceuernee. 0.5V to (Vee + 0.5V)

Continuous Power Dissipation (TA = +70°C)
8-Pin Plastic DIP (derate 9.09mwW/°C above +70°C)....72TmW

0.5V 10 (VCC + 0.5V)
0.5V to (Vec + 0.5V)

MAX4_ _E_ _/MAX1487EE_A...
Storage Temperature Range
Lead Temperature (soldering, 10sec,

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)..800mW
8-Pin SO (derate 5.88mW/°C above +70°C)
14-Pin SO (derate 8.33mW/°C above +70°C)
Operating Temperature Ranges

MAX4__C_ _/MAX1487EC_A 0°Cto +70°C

.-40°C to +85°C

-65°C to +160°C

Stresses beyond those listed under "Absolute Maximum Ratings® may cause permanent damage (o the device. These are stress ratings only. and furctional
operauon of the device at these or any other conditions beyond those indicated in the operational sections of the specifications i1s not implied Exposure o
2psolute maximum rating conditions for extended periods may affect device reliability

DC ELECTRICAL CHARACTERISTICS

(Vcc = 5V £5%, Ta = Tmin to TMAX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL I CONDITIONS MIN TYP MAX | UNITS
Differential Oriver Output (no load) Voor | 5 v
+ Differential Driver Output Voioz | R =500 (RS-422) 2 v
(with load) © R = 27Q (RS-485), Figure 8 1.5 5
Change in Magnitude of Driver
Differential Output Voltage for AVop | R=27Q or 50Q, Figure 8 0.2 v
Complementary Output States
Driver Common-Mode Qutput N
Voltage Voc R = 27Q or 50Q, Figure 8 3 v
Change in Magnitude of Driver
¢ Common-Mode Output Voitage AVop | R=27Q or 50Q, Figure 8 0.2 v
for Complementary Output States
Input High Voltage ViH DE, DI, RE 2.0 v
Input Low Voltage viL DE, DI,RE 0.8 v
Input Current N1 DE. DI RE +2 pA
DE =0V;
Ve = OV or 5.25V, Vin =12V L
Input C t ali devices except . .
(r,'\p i IN2 | MAX487E/MAX1487E ViN - -1V 0.8
MAX487E/MAX1487E, Vin = 12V 0.25 mA
DE =0V, Vcc=0Vor5.25V [ vy = -7V 0.2
Receiver Differential Threshold
Voltage VTH -IVsVems 12V 0.2 0.2 v
Receiver Input Hysteresis AVTH Vem =0V 70 mv
Receiver Output High Voltage VoH lo = -4mA, Vip = 200mV 35 v
Receiver Output Low Voitage VoL 10 = 4mA, Vip = -200mV 0.4 v
Three-State (high impedance)
Output Current at Receiver lozR 0.4VsVos2.4v 1 HA
-V sVcm s 12V, all devices except 12 Q
MAX487EMAX1487E
Receiver Input Resistance Rin
-7V S VeM S 12V, MAX487E/MAX1487E 48 k2
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)

(Vee = 5V £5%, Ta = T to Tmax. uniess otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX488E/MAX489E,
DE. DI, RE = OVor Vce 120 250
MAX490E/MAX491E,
DE. DI, RE = OVor Vee 300 50
No-Load Supply Current MAX481EMAX48SE. | DE = Vec 300 90
N3y oY lcc | RE=0VorVce DE = OV 300 500 | A
MAX1487E, DE = Vcc 300 500
RE = OV or Vce DE = OV 230 400
MAX483E/MAX48TE DE = V MAX483E 350 850
RE ~ OVorvee ¢ VAX4BTE 250 400
DE = OV 120 250
Supply Current in Shutdovm ISHON MAX481E/483E/487E, OE = OV, RE = V¢ 0.5 10 HA
Driver Shont-Circuit Current,
VO = High losol -7V £ Vo €12V (Note 4) 35 250 mA
Driver Short-Circuit Current,
Vo = Low 10302 -7V €V 12V (Note 4) 35 250 mA
Receiver Short-Circuit Current Iosr ovsVogvee . 7 95 mA
ESD Protection A B.Y and Z pins, tested using Human Body Model +15 kV

SWITCHING CHARACTERISTICS—MAX481E/MAX485E, MAX490E/MAX491E, MAX1487E

(Vce = 5V £5%, TA = TMIN to TmaX, unless otherwise noted.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
: tPLH Figures 10 and 12, RpIFF = 54Q, 10 40 60
|

Driver input to Output L CLy = CLz = 100pF 10 30 50 ns

Driver Output Skew to Output tskew | Figures 10 and 12, RpiFr = 540, CLj = C2 = 100pF 5 10 ns
Figures 10 and 12,] MAX481E, MAX485E, MAX1487E 3 20 40

Driver Rise or Fall Time R, ¥ RDIFF = 540, ns
CLy = CLz = 100pF{ MAX490EC/E, MAX491EC/E 5 20 25

Driver Enable to Output High tzH Figures 11 and 13, C_ = 100pF., S2 closed 45 70 ns

Driver Enable to Output Low tzL Figures 11 and 13, Ci_ = 100pF, S1 closed 45 70 ns

Driver Disable Time from Low Wz Figures 11 and 13, C_ = 15pF, S1 closed 45 70 ns

Driver Disable Time from High tHZ Figures 11 and 13, C = 15pF, S2 closed 45 70 ns
Figures 10 and 14, MAX481E, MAX485E, MAX1487E] 20 60 200

Receiver Input to Output tPLH. WPHL | RDIFF = 540, ns
CuLy = CLz = 100pF| MAX490EC/E, MAX491EC/E} 20 60 150

} toLH - tpHL | Differential ko | Figures 10 and 14, Roiff = 540 5 ns

Receiver Skew Cu1 = CL2 = 100pF

Receiver Enable to Qutput Low 7L Figures 9 and 15, CrL = 15pF, S1 closed 20 50 ns

Receiver Enable to Output High tZH Figures 9 and 15, CrL = 15pF, S2 closed 20 50 ns

Receiver Disabie Time from Low Lz Figures 9 and 15, Cre = 15pF. S1 closed 20 50 ns

Receiver Disable Time from High HZ Figures 9 and 15, Cre = 15pF, S2 closed 20 50 ns

Maximum Data Rate fMAX 2.5 Mbps

Time to Shutdown tSHON | MAX481E (Note 5) 50 200 600 ns

MAXIMN 3
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481E/MAX485E, MAX490E/MAX491E, MAX1487E

(continued)
(Ve = 5V £5%, Ta = Tmin to Tivax, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Driver Enable from Shutdown to .
Output High (MAX481E) 1ZH(SHON) | Figures 11 and 13, C = 100pF, S2 closed 45 100 ns
Driver Enable from Shutdown to .
Output Low (MAX481E) tZL(SHON) | Figures 11 and 13, CL = 100pF, S1 closed 45 100 ns
Receiver Enable from Shutdown Figures 9 and 15, Cr = 15pF, S2 closed,
to Output High (MAX481E) WZHISHON | AT g . 2y 225 1000 § ns
Receiver Enable from Shutdown Figures 9 and 15, CL = 15pF, S1 closed,
to Output Low (MAX481E) TZUSHON) | g~ A= v 225 1000 | ns
SWITCHING CHARACTERISTICS—MAX483E, MAX487E/MAX488E/MAX489E
(Vcg = 5V £5%, Ta = TMIN to TmAX, unless otherwise noted.) (Notes 1, 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
) PLH | Figures 10 and 12, RpiFF = 542, 250 800 2000
Driver Input to Output ns
P pu L | CU1 = CLz = 100pF 250 800 2000
. Figures 10 and 12, RpiFF = 54Q,
Driver Output Skew to Output ISKEW Cu1 = Cuz = 100pF 20 800 ns
. . Figures 10 and 12, RpiFr = 54Q.,
Driver Rise or Fall Time R Cui = Cuz = 100pF 250 2000 ns
Driver Enable to Output High tZH Figures 11 and 13, C_ = 100pF, S2 closed 250 2000 ns
Driver Enable to Output Low tzL Figures 11 and 13, CL = 100pF, S1 closed 250 2000 ns
Driver Disable Time from Low tz Figures 11 and 13, C = 15pF, 51 closed 300 3000 ns
Driver Disable Time from High tHz Figures 11 and 13, C( = 15pF, S2 closed 300 3000 ns
. - tPLH | Figures 10 and 14, RpiFF = 540, 250 2000
Receiver Input to Output ns
eiver inp ® waL | CL1 = CLz = 100pF 250 2000
|t - tont, | Differential Figures 10 and 14, RoiFF = 540,
ts : ’ 100
Receiver Skew SKO CL1 = CL2 = 100pF ns
Receiver Enable to Output Low tzL Figures 9 and 15, CRrL = 15pF, S1 closed 25 50 ns
Receiver Enable to Output High tZH Figures 9 and 15, CrL = 15pF, S2 closed 25 50 ns
Receiver Disable Time from Low tz Figures 9 and 15, Cry = 15pF, S1 closed 25 50 ns
Receiver Disable Time from High tHZ Figures 9 and 15, CRL = 15pF, S2 closed 25 50 ns
Maximum Data Rate fMAX tPLH. WPHL < 50% of data period 250 kbps
Time to Shutdown tSHON | MAX483E/MAX48TE (Note 5) 50 200 600 ns
Driver Enable from Shutdown to MAX483E/MAX487E, Figures 11 and 13,
Output High WZHESHON) | ¢\ - 100pF, S2 closed 2000 | ns
Driver Enable from Shutdown to MAX483E/MAX487E, Figures 11 and 13,
Output Low tZL(SHON) CL = 100pF, S1 closed 2000 ns
Receiver Enable from Shutdown MAX483E/MAX48TE, Figures 9 and 15,
o Output High QZH(SHON) | ¢ " 15pF, S2 closed 2500 | ns
Receiver Enable from Shutdown tZL(SHON) MAX483E/MAX48BTE, Figures 9 and 15, 2500 ns

to Output Low

Cy = 15pF, S1 closed
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Note 1: All currents into device pins are positive: all currents out of device pins are negative. All voltages are referenced to device
ground unless otherwise specified.

Note 2: All typical specifications are given for Vcc = 5V and Ta = +25°C.

Note 3: Supply current specification is valid for Ioaded transmitters when DE = OV.

Note 4: Applies to peak current. See Typical Operating Characteristics.

Note 5: The MAX481E/MAX483E/MAX487E are put into shutdown by bringing RE high and DE low. if the inputs are in this state for
less than 50ns, the parts are guaranteed not to enter shutdown. If the inputs are in this state for at least 600ns, the parts are
guaranteed to have entered shutdown. See Low-Power Shutdown Mode section.

Typical Operating Characteristics

(Vcc = 5V, Ta = +25°C, unless otherwise noted.)

OUTPUT CURRENT vs. OUTPUT CURRENT vs. RECEIVER QUTPUT HIGH VOLTAGE
RECEIVER OUTPUT LOW VOLTAGE RECEIVER OUTPUT HIGH VOLTAGE vs. TEMPERATURE
50 s -2 g 48 3
L3 H H
45 i i 46 l I H
- 40 . .20 s w“ iro = 8mMA
g 3 g ™ g ™S
~ g ™\ 2 a2
g 30 Z s nN § ~i
g 26 g = 40 ~
S / o AN g -
S 2 4 > -10 _
& 1 £ 2 36
8 / 3 5
10 7 5 S 34
5 32
0 0 30
0 05 10 15 20 25 15 20 25 30 35 40 45 SO 60 40 -0 0 20 40 60 80 100
OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V) TEMPERATURE (C)
RECEIVER QUTPUT LOW VOLTAGE DRIVER QUTPUT CURRENT vs.
vs. TEMPERATURE DIFFERENTIAL OUTPUT VOLTAGE
09 L [ 3 % 4
H H
08 i 8 i
€ o Ror z 10—\
- g
2 o6 ) N
= Z \
S-.05 g AN
g 3 N
2 o4 S w
5 - 2
03 e
% // 8
5 02 e 20
01 10 N
0 L 0
60 40 -0 0 20 40 60 8 100 0 05 1.0 1.5 20 25 30 35 40 45
TEMPERATURE (*C) DIFFERENTIAL OUTPUT VOLTAGE (V)
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Typical Operating Characteristics (continued)

(Vce = 5V, T = +25°C, unless ctherwise noted.)

DRIVER DIFFERENTIAL OUTPUT OUTPUT CURRENT vs. OUTPUT CURRENT vs.
VOLTAGE vs. TEMPERATURE DRIVER OUTPUT LOW VOLTAGE DRIVER QUTPUT HIGH VOLTAGE
23 —s 40 . -100 ) s
- R-s40 |} A
2 22 i 120 i %0 i
Q o
g 2 /] g m
= 11 | 2 100 2 0
> — = —
= 20 2z / et B e 2 E— l \
] 2w g 0 N
- 3 4 & \
’8' 1.9 = / S -50
< = =
Z 18 3 5 40 \
z 17 3 4 3 \
g . 2
2 16 Y 10
1.5 0 0 L
60 40 .20 0 20 40 60 80 100 0 2 4 & B 10 12 8 6 4 2 0 2 4 6
TEMPERATURE (C) OUTPUT LOW VOLTAGE (V) OUTPUT HIGH VOLTAGE (V)
MAX481E/MAX48SE/MAX490E/MAX491E MAX483E/MAX487E-MAX489E MAX1487E
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
600 T T T T (] 600 2 600 =
MAYABYE/MANABSE; DE =Yg, RE = X| ; H ;
500 500 i 500
3 3 ) g
g 5 40 MAXASIE: D€ - Voo, RE = X~ T Z 400
g # i g MAXI46TE: 0E » g, RE = X
3 300 S 300 3 0 —
= MAXABSE: DE =0. 7% = X s MAYASTE: DE Voo, 7 - X > ——T |
g 0 wnusw_-ua-ﬂa-gE = 2 20 ] T 200 b
MAXAIEMALITE; DE «RE » X = IS MAXABTE: OF = RE = -\
2 3 MAXA &E-R_z-% 2 MAX1487E: DE « OV, RE » X
100 100 ] } 100
MAYABIE; DE =0, FE = ¥ MAYABEMAYASTE: DE =0, FE « \oe
0 0 i i L 0
60 40 -20 0 20 40 60 80 100 -60 -40 .20 0 20 40 60 80 100 60 40 -20 0 20 40 60 80 100
TEMPERATURE (*C) TEMPERATURE (°C) TEMPERATURE (*C)
6 MAXI1AN




+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Pin Description

PIN
MAX4SIEIMAXABIE | o000 MAX48SE NAME FUNCTION
MAXABSE/MAXABTE | y1nxa90E MAX491E
MAX1487E
1 2 2 RO Receiver Output: If A > B by 200mV, RO will be high:
If A < B by 200mV, RO will be low.

) _ l 3 RE Receiver Output Enable. RQ is enabled when RE is
low: RO is high impedance when RE is high.

| Driver Output Enable. The driver outputs, Y and Z, are
enabled by bringing DE high. They are high imped-
3 — | 4 DE ance when DE is low. If the driver outputs are enabled,
the parts function as line drivers. While they are high
impedance, they function as line receivers if RE is low.

Driver Input. A low on DI forces output Y low and out-

4 3 5 DI put Z high. Similarly, a high on D1 forces output Y high
' and output Z low.

5 4 6.7 GND Ground

— 5 9 Y Noninverting Driver Output

— 6 10 z Inverting Driver Output

6 _ _ A Noninverting Receiver Input and Noninverting Driver
Output

— 8 12 A Noninverting Receiver input

7 — — 8 Inverting Receiver Input and Inverting Driver Output

—_ 7 1 B Inverting Receiver input

8 1 14 Vee Positive Supply: 4.75V s Vcc £5.25V

— - 1,813 N.C. No Connect—not intemally connected

MAXIMN 7
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

*+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

TOP VIEW
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NOTE. PIN LABELS Y AND 7 ON TIMING, TEST, AND WAVEFORM DIAGRAMS REFER TO PINS A AND B WHEN DE IS HIGH.
TYPICAL OPERATING CIRCUIT SHOWN WITH DIP/SO PACKAGE.

Figure 1. MAX481E/MAX483E/MAX485E/MAX48TE/MAXT487E Pin Configuration and Typical Operating Circuit
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Figure 2. MAX488E/MAX490E Pin Configuration and Typical Operating Circuit
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215kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

__Function Tables (MAX481E/MAX483E/MAX485E/MAX487E/MAX 1487E)

Table 1. Transmitting

INPUTS OUTPUTS
RE DE ot z Y
X 1 1 0 1
X 1 0 1 0
0 0 X High-Z High-Z
1 0 X High-Z= | High-2=

X = Don't care
High-Z = High impedance
* Shutdown mode for MAX481E/MAX483E/MAX 287E

Applications Information

The MAX481E/MAX4B3E/MAX4B5E/MAX48TE-MAX491E
and MAX1487€ are low-power transceivers for RS-485
and RS-422 communications. These “E” versions of the
MAX481, MAX483, MAX485, MAX487-MAX491, and
MAX1487 provide extra protection against ESD. The
rugged MAX481E, MAX483E, MAX485E, MAX497E-~
MAX491E, and MAX1487E are intended for harsh envi-
ronments where high-speed communication is important.
These devices eliminate the need for transient suppres-
sor diodes and the associated high capacitance loading.
The standard (non-"E”) MAX481, MAX483, MAX485,
MAX487-MAX491, and MAX1487 ‘are recommended for
applications where cost is critical.

The MAX481E, MAX4BSE, MAX490E, MAX491E, and
MAX1487€ can ransmit and receive at data rates up to
2.5Mbps, while the MAX483E, MAX487E, MAX488E,
and MAX489Et are specified for data rates up to
250kbps. The MAX48BE-MAX491E are full-duplex
transceivers, while the MAX481E, MAX483E, MAX487E,
and MAX1487E are half-duplex. In addition, driver-
enable (DE) and receiver-enable (RE) pins are included
on the MAX481E, MAX483E, MAX485E., MAX487E,
MAX489E. MAX491E, and MAX1487€E. When disabled,
the driver and receiver outputs are high impedance.

+15kV ESD Protection
As with all Maxim devices, ESD-protection structures
are incorporated on all pins to protect against electro-
static discharges encountered during handling and
assembly. The driver outputs and receiver inputs have
extra protection against static electricity. Maxim's engi-

MAXIMN

Table 2. Receiving

INPUTS OUTPUT
RE DE A-B RO
0 0 > +0.2V 1
o] 0 <0.2v 0
0 [0} Inputs open 1
1 0 X High-Z*
X = Don't care

High-Z = High impedance
* Shutdown mode for MAX481E/MAX483E/MAX487E

neers developed state-of-the-art structures to protect
these pins against ESD of =15kV without damage. The
ESD structures withstand high ESD in all states: normal
operation, shutdown, and powered down. After an ESD
event, Maxim’'s MAX481E, MAX483E, MAX485E,
MAX487E-MAX491E, and MAX1487E keep working
without latchup.

ESD protection can be tested in various ways; the
transmitter outputs and receiver inputs of this product
family are characterized for protection to =15kV using
the Human Body Model.

Other ESD test methodologies include IECT0004-2 con-
tact discharge and IEC1000-4-2 air-gap discharge (for-
merly 1EC801-2).

ESD Test Conditions
ESD performance depends on a variety of conditions.
Contact Maxim for a refiability report that documents
test set-up, test methodology. and test results.

Human Body Model
Figure 4 shows the Human Body Model, and Figure 5
shows the current waveform it generates when dis-
charged into a low impedance. This model consists of
a 100pF capacitor charged to the ESD voltage of inter-
est. which is then discharged into the test device
through a 1.5k resistor.

IEC1000-4-2
The IEC1000-4-2 standard covers ESD testing and per-
formance of finished equipment; it does not specifically
refer to integrated circuits (Figure 6).

L8V LXVIN/ILE6YXVIN-T LBV XVIN/ISSYXVIN/TEBYXYIN/T L8 XYIN



MAX481E/MAX483E/MAX485E/MAX487E-MAXA491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

Rc 1M Rp 1500Q
O
CHARGE CURRENT DISCHARGE Ip 100% Ir PEAK-TQ-PEAK RINGING
LIMIT RESISTOR RESISTANCE ? 90% (NOT DRAWN TO SCALE)
HIGH L DEVICE AMPERES
VOLTAGE Cs STORAGE UNDER
oc 1062F T~ CAPACITOR TEST #8%
e ‘\
10% [
0
0f 4 TIME —
-~ L r—— (o
CURRENT WAVEFORM
Figure 4. Human Body ESD Test Model Figure 5. Human Body Model Current Waveform
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100% o qemeoembacaaeacd oo
Rc SOM s "J0M  Rp 330Q 0% -
[o 0
CHARGE CURRENT DISCHARGE =
LIMIT RESISTOR RESISTANCE £ v
HIGH- = DEVICE
VOLTAGE Cs —L— STORAGE UNDER
0cC 150pF CAPACITOR TEST
SOURCE ™
10% |~
U = 070510 1ns — ] |at— t
" ! 3ons
g 60N5

Figure 6. IEC1000-4-2 ESD Test Model

Figure 7. IEC1000-4-2 ESD Generator Current Waveform
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Figure 8. Driver DC Test Load
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Figure 9. Receiver Timing Test Load
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers
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Figure 12. Driver Propagaton Delays

Figure 13. Driver Enable and Disable Times (except MAX488E

and MAX490E)
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Figure 14. Receiver Propagation Delays

MAXIM

Figure 15. Receiver Enable and Disable Times (except MAX488E

and MAX490E)
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MAX481E/MAX483E/MAX485E/MAX487E~-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

100B/div

OHz SMHz
500kHz/div

1098/av

OHz SMHz
S00kH/div

Figure 16. Driver Output Waveform and FFT Plot of
MAX485E/MAX490E/MAX491E/MAXT487E Transmitting a
150kHz Signal

The major difference between tests done using the ~

Human Body Model and IEC1000-4-2 is higher peak
current in IEC1000-4-2, because series resistance is
lower in the [EC1000-4-2 model. Hence, the ESD with-
stand voltage measured to |EC1000-4-2 is generally
lower than that measured using the Human Body
Model. Figure 7 shows the current waveform for the 8kV
IEC1000-4-2 ESD contact-discharge test.

The air-gap test involves approaching the device with a
charged probe. The contact-discharge method connects
the probe to the device before the probe is energized.

Machine Model
The Machine Model for ESD tests all pins using a
200pfF storage capacitor and zero discharge resis-
tance. Its objective is to emulate the stress caused by
contact that occurs with handling and assembly during
manufacturing. Of course, all pins require this protec-
tion during manufacturing—not just inputs and outputs.
Therefore, after PC board assembly, the Machine Model
is less relevant to /O ports.

MAX487E/MAX1487E:
128 Transceivers on the Bus
The 48kQ, 1/4-unit-load receiver input impedance of the
MAX487E and MAX1487E allows up to 128 transceivers
on a bus, compared to the 1-unit load (12kQ input
impedance) of standard RS-485 drivers (32 transceivers
maximum). Any combination of MAX487E/MAX1487E
and other RS-485 transceivers with a total of 32 unit
loads or less can be put on the bus. The MAX481E,
MAX483E, MAX485E, and MAX488E-MAX491E have
standard 12kQ receiver input impedance.

12

Figure 17. Driver Output Waveform and FFT Plot of
MAX483E/MAX487E-MAX489E Transmitting a 150kHz Signal

MAX483E/MAX487E/MAX488E/MAX489E:
Reduced EMI and Reflections
The MAX483E and MAX487E-MAX489E are slew-rate
limited, minimizing EMI and reducing reflections
caused by improperly terminated cables. Figure 16
shows the driver output waveform and its Fourier analy-
sis of a 150kHz signal transmitted by a MAX481E.
MAX485E, MAX490E, MAX491E, or MAX1487E. High-
frequency harmonics with large amplitudes are evident.
Figure 17 shows the same information displayed for a
MAX4B3E. MAX487E, MAX488E, or MAX489E transmit-
ting under the same conditions. Figure 17's high-fre-
quency harmonics have much lower amplitudes, and
the potentiai for EM! is significantly reduced.

Low-Power Shutdown Mode
(MAX481EMAX483E/MAX487E)

A low-power shutdown mode is initiated by bringing
both high and DE low. The devices will not shut
down unless both the driver and receiver are disabied.
In shutdown, the devices typically draw only 0.5pA of
supply current.

RE and DE may be driven simultaneously; the parts are
guaranteed not to enter shutdown if RE is high and DE
is low for less than 50ns. If the inputs are in this state
for at least 600ns. the parts are guaranteed to enter
shutdown.

For the MAX481E, MAX483E, and MAX4BT7E, the tzH
and tz(, enable times assume the part was not in the
low-power shutdown state (the MAX485E, MAX488E-
MAX491E. and MAX1487E can not be shut down). The
tZH(SHDN) and tz{(SHDN) enable times assume the
parts were shut down (see Electrical Characteristics).

MAXIMN




+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers

RECEIVER
out

Figure 18. Receiver Propagation Delay Test Circuit

It takes the drivers and receivers longer to become
enabied from the low-power shutdown state (tZH(SHDN).
tZL(SHDN)) than from the operating mode (tzH, tz1). (The
parts are in operating mode if the RE, DE inputs equal a
logical 0,1 or 1,1 0r0,0.)

Driver Output Protection
Excessive output current and power dissipation caused
by faults or by bus contention are prevented by two
mechanisms. A foldback current limit on the output stage
provides immediate protection against short circuits over
the whole common-mode voltage range (see Typical
Operating Characteristics). In addition, a thermal shut-
down circuit forces the driver outputs into a high-imped-
ance state if the die temperature rises excessively.

Propagation Delay
Many digital encoding schemes depend on the differ-
ence between the driver and receiver propagation

MAXIM

delay times. Typical propagation delays are shown in
Figures 19-22 using Figure 18's test circuit.

The difference in receiver delay times, tPLH - tPHL. is
typically under 13ns for the MAX481E, MAX485E,
MAX490E, MAX491E, and MAX1487E, and is typically
less than 100ns for the MAX483E and MAX487E-~
MAX489E.

The driver skew times are typically 5ns (10ns max) for
the MAX481E, MAX485E, MAX490E, MAX4S1E, and
MAX1487E, and are typically 100ns (800ns max) for the
MAX483E and MAX487E-MAX489E.

Typical Applications
The MAX481E, MAX483E, MAX485E, MAX487E-
MAX491E, and MAX14B7E transceivers are designed for
bidirectional data communications on multipoint bus
transmission lines. Figures 25 and 26 show typical net-
work application circuits. These parts can also be used as
line repeaters, with cable lengths longer than 4000 feet.

To minimize reflections, the line should be terminated at
both ends in its characteristic impedance, and stub
lengths off the main fine should be kept as short as possi-
ble. The slew-rate-limited MAX483E and MAX487E-
MAX489E are more tolerant of imperfect termination.
Bypass the Vicc pin with 0. 1pF.

: Isolated RS-485
For isolated RS-485 applications, see the MAX253 and
MAX1480 data sheets.

Line Length vs. Data Rate
The RS-485/RS-422 standard covers line lengths up to
4000 feet. Figures 23 and 24 show the system differen-
tial voltage for the parts driving 4000 feet of 26AWG
twisted-pair wire at 110kHz into 100Q loads.
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MAXA481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers
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Figure 19. MAX481E/MAX485E/MAX490E/MAX 1487E Receiver
tPHL

Figure 20. MAX481E/MAX485E/MAX490E/MAX491E/
MAX1487E Receiver toLH
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Figure 21. MAX483E/MAX487E-MAX489E Recerver tpHL

Figure 22. MAX483E/MAX487E-MAX489E Receiver tpLH
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Figure 23. MAX481E/MAX485E/MAX490EMAX491E/
MAX1487E System Differential Voltage at 110kHz Driving
4000ft of Cable
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Figure 24. MAX483E/MAX1487E-MAX489E System Differential
Voltage at 110kHz Dniving 4000ft of Cable
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+15kV ESD-Protected, Slew-Rate-Limited,
Low-Power, RS-485/RS-422 Transceivers
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Figure 25. MAX481E/MAX483E/MAX485E/MAX487E/MAX1487E Typical Half-Duplex RS-485 Network
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Figure 26. MAX488E-MAX491E Full-Duplex RS-485 Network
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MAX481E/MAX483E/MAX485E/MAX487E-MAX491E/MAX1487E

+15kV ESD-Protected, Slew-Rate-Limited,

Low-Power, RS-485/RS-422 Transceivers

Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE PART TEMP. RANGE PIN-PACKAGE
MAX483ECPA 0°C to +70°C 8 Plastic DIP MAX483ECPD 0°Cto +70°C 14 Plastic DIP
MAX483ECSA 0°C to +70°C 8 SO MAX489ECSD 0°Cto +70°C 14 SO
MAX483EEPA -40°C to +85°C 8 Plastic DIP MAX489EEPD -40°C to +85°C 14 Plastic DIP
MAX483EESA -40°C to +85°C 8 SO MAX489EESD -40°Cto +85°C 14 SO
MAX485ECPA 0°C to +70°C 8 Plastic DIP MAX480ECPA 0°Cto +70°C 8 Plastic DIP
MAX485ECSA 0°C to +70°C 8 SO MAX490ECSA 0°Cto +70°C 8 SO
MAX485EEPA -40°C to +85°C 8 Plastic DIP MAX490EEPA -40°C to +85°C 8 Plastic DIP
MAX485EESA -40°C to +85°C 8 SO MAX490EESA -40°Cto +85°C 8 SO
MAX487ECPA 0°C to +70°C 8 Plastic DIP MAX491ECPD 0°Cto +70°C 14 Plastic DIP
MAX487ECSA 0°C to +70°C 8 SO MAX491ECSD 0°Cto +70°C 14 SO
MAX487EEPA -40°Cto +85°C 8 Plastic DIP MAX491EEPD -40°Cto ~85°C 14 Plastic DIP
MAX487EESA -40°C to +85°C 8 SO MAX491EESD -40°Cto +85°C 14 SO
MAX488ECPA 0°Cto +70°C 8 Plastic DIP MAX1487ECPA 0°Cto +70°C 8 Plastic DIP
MAX488ECSA 0°Cto +70°C 8 SO MAX1487ECSA 0°Cto +70°C 8 SO
MAX488EEPA -40°C to +85°C 8 Plasuc DIP MAX1487EEPA -40°C to +85°C 8 Plastic DIP
MAX488EESA . -40°C 0 -85°C 8 SO MAX1487EESA -40°C to ~85°C 8 SO

TRANSISTOR COUNT: 295

Maxim cannot assume responsidity for use of any

Chip Information

implied. Maxim reserves the ngix to change the circuitry and specificatons without notice at any ume.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Channel Analog
Multiplexer/Demultiplexer

The MC14551B is a digitally—controiied analog switch. This device
implements a 4PDT solid state switch with low ON impedance and very low
OFF Leakage current. Control of analog signals up to the complete supply
voltage range can be achieved.

e Triple Diode Protection on All Contro! Inputs

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

+ Analog Voltage Range (Vpp—- VEE)=3.0t0 18 V
Note: VEE must be < Vgg

» Linearized Transfer Characteristics

o Low Noise — 12 nV¥Cycle, f > 1.0 kHz typical

» For Low RQn, Use The HC4051, HC4052, or HC4053 High—Speed
CMOS Devices

¢ Switch Function is Break Before Make

MAXIMUM RATINGS*
Symbol

Parameter Value Unit
~-05to+18.0 \'

Vop DC Supply Voitage (Referenced to Vgg,
Vss 2 VEg)
Vin, Vout | Input or Output Voitage (DC or Transient)

(Referenced to Vgg for Control Input &
Vg for Switch 1/0)

-05tovVpp+05| V

lin Input Current (DC or Transient), per 10 mA
Control Pin

lsw Switch Through Current 25 mA

Pp Power Dissipation, per Packaget 500 mw

Tstg Storage Temperature -65to + 150 °C
TL Lead Temperature (8—Second Soldering) 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L” Packages - 12 mW/°C From 100°C To 125°C

MC14551B

&

ORDERING INFORMATION

MC14XXXBCP
MC14XXXBCL
MC14XXXBD

Ta = - 55°to 125°C for all packages.

L SUFFIX
- CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
SQIC
CASE 751B

Plastic
Ceramic
o]l

9 0—CONTROL
Wi—o 14 Control ON
1?°“a‘13 . . 0 W0 X0 YO Z0
o —o
I COMMONS 1 W1 X1 Y1 Zd
SWITCHES | 3 0~{X1 OUTAN Vop = Pin 16
INIQUT 6 o—Y0 Yl—0 5 Vss = Pin8
10 o—{ Y1 Vew = Pin 7
11 0—20 Zo013 EE=FIn
12 071

PIN ASSIGNMENT
Wi[[1e 16 {1 Voo
X0 2 15 Jwo
X1Q3 14w
X4 1312
Y[ s 12021
Yo s 11 {1 20
Vee ] 7 1001
Vss [l 8 9 {1 CONTROL

NOTE: Control Input referenced to Vgg, Analog Inputs and Outputs reference to VEg. VEg must be < Vgg.

REV3
1194

© Motorola, Inc. 1995
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ELECTRICAL CHARACTERISTICS

-5§5°C 25°C 125°C
Characteristic Symbol | Vpp * Test Conditions Min | Max | Min | Typ # ] Max | Min Max { Unit
SUPPLY REQUIREMENTS (Voltages Referenced to VEg)
Power Supply Voltage Voo — |Vpp~3.02Vgg2 3.0 18 3.0 — 18 3.0 18 v
Range VEE
Quiescent Current Per Ibp 5.0 | Control Inputs: Viy = — 5.0 — 0.005 5.0 —- | 150 MA
Package 10 VgsorVpp, — 10 -— 0.010 10 —_ 300
: : - 15 | Switch /O: VEg s Vo] — 20 - 0.015 20 — 600
= VDD, and AVgwiteh
< 500 mv*
Total Sup;?ly Current 'bav) 5.0 [ Ta =25°Conly (The (0.07 pA/KkHz) f + Ipp HA
(Dynamic Plus 10 channe! component, Typical  (0.20 pAKHz) f + Ipp
Quiescent, Per Package) 15 (Vin -~ VoutRon is ’
not included.) (0-36 pAkHz) f+ Ipp
CONTROL INPUT (Voltages Referenced to Vgg)
Low=Level Input Voitage Vi, 5.0 | Rgp = per spec, - 1.5 — 225 15 -— 1.5 v
10 | loff = per spec — 3.0 —_ 4.50 3.0 — 3.0
15 - 4.0 — 6.75 40 — 4.0
High-Leve! Input Voltage ViH 5.0 | Ron = per spec, 35 - 35 275 — 3.5 — v
' 10 | loff = per spec 7.0 —_ 7.0 5.50 — 7.0 -
15 1 — 1 8.25 - 11 —
Input Leakage Current lin 1§ [{Vin=0or Vpp — | +041 — {+0.00001 | £0.1 —_— *1.0 MA
Input Capacitance Cin —_ —_ — — 5.0 75 — — pF
SWITCHES IN/OUT AND COMMONS OUT/IN — W, X, Y, Z (Voltages Referenced to VEE) ]
Recommended Peak-to— Viro — | Channel On or Off 0 |Vpp{ O — Voo | © Vob | Vp—p
Peak Voltage Into or Out
of the Switch
Recommended Static or AVgwitch | — | Channel On 0 600 0 - 600 0 300 mV
Dynamic Voltage Across
the Switch** (Figure 3)
Output Offset Voitage Voo — | Vin =0V, No Load — —_— — 10 — — -_ nv
ON Resistance Ron 5.0 |AVguitch =500mv*, | — {800 | — 250 1050 | — 1200 Q
10 Vin =ViLor ViH — | 400 — 120 500 | — 520
16 (Control), and Vi = 220 | — 80 280 | — 300
0 to Vpp (Switch)
AON Resistance Between ARgn 5.0 — 70 - 25 70 — 135 Q
Any Two Channels 10 — 50 — 10 50 — 95
in the Same Package 156 — 45 — 10 45 — 65
Off~Channel Leakage loff 15 | Vin=VjLorViy bo— 2100} — £0.05 (%100 | — |+1000| nA
Current (Figure 8) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch /0 Cvo — | Switch Off — — - 10 —_ — — pF
Capacitance, Common O/! Con —_ — — - 17 — - —_ pF
Capacitance, Feedthrough Cvo — | Pins Not Adjacent - - — 0.15 — — - pF
(Channel Off) — | Pins Adjacent — - —_ 0.47 — — _—

#Data labeled “Typ” is not to be used for design purposes, but is intended as an indication of the IC's potential performance.

“*For voltage drops across the switch (AVswitch) > 600 mV ( > 300 mV at high temperature), excessive Vpp current may be drawn; i.e. the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unlessthe Maximum
Ratings are exceeded. (See first page of this data sheet.)

MC145518 - MOTOROLA CMOS LOGIC DATA
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ELECTRICAL CHARACTERISTICS (C(_ = 50 pF, T4 = 25°C, VEE S Vgg)

. VoD - VEE .
‘ Characteristic Symbol Vde Min Typ # Max Unit
Propagation Delay Times tpLH: tPHL ns
Switch Input to Switch Output (R = 10 kQ)
tpLH. tPHL = (0.17 ns/pF) C|_ + 26.5 ns 5.0 — 35 90
tpLH, tPHL = (0.08 ns/pF) CL + 11 ns 10 — 15 40
tPLH, tPHL = (0.06 ns/pF) C_ +9.0 ns 15 —_ 12 30
Control Input to Output (R|_ = 10 kQ) tPLH, tPHL ns
VEE = Vggs (Figure 4) 5.0 — 350 875
10 — 140 350
15 — 100 250
Second Harmonic Distortion — 10 - 0.07 - %
RL=10kQ, f=1kHz Vi =5Vpp
Bandwidth (Figure 5) BW 10 — 17 — MHz
RL =1k Vin = 172 (Vpp - VEE) p-
20 Log (Vout/Vin) =-3dB, C_ = 507 pF
Off Channel Feedthrough Attenuation, Figure 5 — 10 — -50 — dB
RL =1k, Vin = 1/2(Vpp - VEE) p—p
fm =55 MHz
Channel Separation (Figure 6) — 10 — -50 — dB
RL =1k, Vin = 1/2 (Vpp ~ VEE) p-p:
fin=3MHz -
Crosstalk, Control Input to Common O/, Figure 7 — 10 — 75 — mv
R1=1kQ R =10kQ,
Control t; =tf=20ns

#Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.

{8 4
Unused inp tsmusta!wa
. belen open:.

r MOTOROLA CMOS LOGIC DATA
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Voo —
—== Voo Voo TIT
4 L .
INJOUT o ’ ] O OUTAN
= VEg
1
Voo
q
LEVEL 7
CONVERTED —{
CONTROL _’ | ] INJOUT QUTAN
l CONTROL
= VEe
Figure 1. Switch Circuit Schematic
16 ? VoD
CONTROL 9 0— LEVEL —
CONVERTER CONTROL
Bl Vss 7 i VEE ‘L
W0 15 o
l><1m —otw
Wi 1o 5
X0 2o
NM 4 X
X1 3o 5
YO 6o
05 Y
Y1 10 o
011 o
132
Z1 12 o—
Figure 2. MC14551B Functional Diagram
MC14551B MOTOROLA CMOS LOGIC DATA
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ON SWITCH
CONTROL
SECTION
OFIC
LOAD

SOURCE -

Figure 3. AV Across Switch

Control input used to tum ON or OFF
the switch under test.

CONTROL

Voo-VEE __
2

Figure 5. Bandwidth and Off-Channel
Feedthrough Attenuation

CONTROL

Figure 7. Crosstalk, Control Input
to Common O/l

TEST CIRCUITS

PULSE

GENERATOR Kq_

CONTROL

o] o]
Voo VEE VEE VDD

Figure 4. Propagation Delay Times,
Control to Output

Ry
ON
©=1 conTROL -
'OFF‘ Vou
L Ry IcL=so pF
\(/) - -
VoD -VEE A in
7. =

Figure 6. Channel Separation
(Adjacent Channels Used for Setup)

OFF CHANNEL UNDER TEST

| :gi ° Voo
O VEg
CONTROL [

SECTION OTHER |

OF IC CHANNEL(S) VEE
-I | Voo
|

VEE
o Vpp

Figure 8. Off Channel Leakage

~ MOTOROLA CMOS LOGIC DATA
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Voo

KEITHLEY 160
: DIGITAL
MULTIMETER
10k o= >
1kQ
VoD o—-{>o—< RANGE Xy
_ _ | PLOTTER
Vee =Vss
=+
Figure 9. Channel Resistance (RoN) Test Circuit
TYPICAL RESISTANCE CHARACTERISTICS
350 350
. 300 . 300
[22] (2]
= :
S 250 S 250
w w
Q Q
g 200 g 200
2 2 N
7] [ W — ™, = (o
w150 Ta= 125°C W 150 ~Tp = 125°C
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2 5 T =0 @ g
!
0 | 0
-10 -8.0 -60 -40 -20 O 20 40 60 80 10 -10 -80 -60 -40 -20 O 20 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS) Vip, INPUT VOLTAGE (VOLTS)
Figure10.Vpp @ 7.5V, VEE@-75V Figure 1. Vpp @50V, VEE®@ - 5.0V
700 350 T Y
— Tp=25°C
. 600 __ 300 A\
0 2 I
= =
S 500 S 0 / Vpp=25V
Y o /
2 w0 A~ 2 20 A \
: / : 7
@ 300 A @ 150
x /. N\ e f2sec s 5.0V
S 20 A /NN\D AL S 100 I N e, 75y—
2z A I\ _Dasc = = —
& 100 ™ -55°C 50
]
0 l 0
-10 -80 -60 -40 -20 0 20 40 60 80 10 -10 -80 -6.0 -40 -20 O 20 40 60 80 10
Vin. INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS)
Figure12.Vpp @25V, VEE@—-25V Figure 13. Comparison at 25°C, Vpp @ — VEE
MC14551B - MOTOROLA CMOS LOGIC DATA
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APPLICATIONS INFORMATION

Figure A illustrates use of the on—chip level converter
detailed in Figure 2. The 0-to-5 volt Digital Control signal is
used to directly control a 9 Vp_p analog signal. ’

The digital control logic levels are determined by Vpp and
Vgs. The Vpp voltage is the logic high voitage; the Vg g volt-
age is logic low. For the example, Vpp =+ 5 V =logic high at
the control inputs; Vgg = GND = 0 V = logic low.

The maximum analog signal level is determined by Vpp
and VEE. The Vpp voltage determines the maximum recom-
mended peak above Vgg. The VEE voitage determines the
maximum swing below Vgg. For the example, Vpp — Vss
=5 volt maximum swing above Vgs; Vgss — VEE = 5 volt
maximum swing below Vgs. The example shows a+ 4.5 volt
signai which allows a 1/2 volt margin at each peak. If voltage

transients above Vpp and/or below VEE are anticipated on
the analog channels, external diodes (Dy) are recommended
as shown in Figure B. These diodes should be small signal
types able to absorb the maximum anticipated current
surges during clipping.

The absolute maximum potentiai difference between Vpp
and VEE is 18.0 volts. Most parameters are specified up to
15 volts which is the recommended maximum difference be-
tween Vpp and VEE.

Balanced supplies are not required. However, Vgg must
be greater than or equal to VEg. For example, Vpp =
+ 10 volts, Vgg = + 5 volts, and VEE = — 3 volts is acceptable.
See the table below.

+5V 1 -5v
VoD Vss VEE
+45V
+5V 9Vp-p SWITCH
ANALOG SIGNAL | 10 COMMON 9Vpp
on GND
ANALOG SIGNAL
EXTERNAL 0.T0-5 V DIGITAL MC146618
CMOS - - — 45V
DIGITAL CONTROL SIGNAL CONTROL
CIRCUITRY
Figure A. Application Example
Voo Voo
Ox Dy
SWITCH COMMON
o on
Ox Ox
Veg VeEe

Figure B. External Schottky or Germanium Clipping Diodes

POSSIBLE SUPPLY CONNECTIONS

Control Inputs

Vob Vss VEE Logic High/Logic Low | Maximum Analog Signal Range
In Volts In Voits in Volts In Volts In Volts

+8 0 -8 + 8/0 +8to—8=16Vp_p

+5 0 -12 +5/0 +5t0-12=17 Vpp

+5 0 0 +5/0 +5toO=5Vp_p

+5 0 -5 +5/0 +5to—5=10Vp_p

+10 -5 +10/+5 +10to—5=15Vp_p

MOTOROLA CMOS LOGIC DATA

_ MC14551B
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OUTLINE DIMENSIONS

SEATIRG
PLANE

A

PL (@025 0010®@[1]8 ®]

L SUFFIX ~
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V
NS
D M o (™ M ™ oy )
16 [}
[-B~]
I-:J LIV S SV ) S gy mpn gy epen 4 :
c— L

_{L

L M
J 16pPL

[@]02s 0010®@| 1] 4 ®]

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5K, 1982.

2. CONTROLLING DIMENSION: NCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

4. DIMENSION F MAY NARROW T 0.76 (0.030)
WHERE THE LEAD ENTERS THE CERAMIC
BODY.

INCHES MILLIMETERS
| omal MK | MAX | MIN [ MAX
A ] 0750 | 0785 | 18,05 | 18.93
8 [ 0240 [ 0295 610 740
¢] —To| —1 si8
D | 0015 {0020 030 050
3 0.050 BSC 1.278SC
F 10055 | 0085 ( 140 [ 165
G 0.100BSC 2,54 8SC
H | 0008 ] 0615 021 038
K 10125 0170 | 3487 | 431
L 0.300 BSC 7.6285C
M 0°] 150 0°] 15°
N ] 0020 | 0040 [ 051 [ 101

P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUER
e———{ A }———>] NOTES:
(~A-] ‘ 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
alklalalalald 2. CONTROLLING DIMENSION: INCH.
16 9 r 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 ' ‘ 5. ROUNDED CORNERS OPTIONAL.
WO G LI LI TS INCHES | MILUMETERS
__] L—F | OIM[ MK | WMAX | MM | max
—C [ — | A | 0740 | 0.770 | 1880 | 1955
B | 0250 [ 0270 | 835 ] 685
s 4 C | 0445 | 0175 | 369 | 444
_f ] D | 00151 0021 | 039 ] 053
T F 100401 070 | 1021 177
! ?Eﬂ‘é‘ ¢ | G | 0.10085C 2.5485C
—U_ " N \l " H | 005085C 1,27 BSC
- J | 0008 [ 0015 ] 021 ] 038
G L- J K [ 0010 [ 0430 | 280 | 330
L | 0295 | 0305 | 756 ] 7.74
DterL M 0°1 10° 0l 10°
|| 025 ©.010@] 1] A ®| s | 0020 | 0040 | 0511 T0i
MC145518 Y MOTOROLA CMOS LOGIC DATA
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J

A rr.
1=a
NOTES:
1

H H H_H H H_H H T . [YJzitg:ASIl’C)QP;I;‘fGANDTOLERANCINGPERANSI
b ’ _f 2 CONTROLLING DIMENSION: MLLIMETER.

OR 8
H»TE:IHHPLH
G

MOLO PROTRUSION.
. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
5. DIMENSION D DOESNOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL

PepL .
} Uq;] 0.25 (0.010)®| 8 ®)]

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
MILLIMETERS | INCHES
L_ DM{_ MIN_| MAX | MIN | MAX
F A | 980 | 1000 [ 0386 | 0.303
K —‘ ¢ “— R x4s° B | 380 | 400 ] 0150 | 0457
€ | 135 [ 175 {005 | 0088
! ’i c D | 035 048] 0014 | 0019
I” “ ” I || ” ” ”I U ] f .40 1.25 | 0.018 049
C=Tsaame ~ % \% G| 17185 0050 BSC
PLANE l M J J | 019 | 025 | 6.008 | 0008
K | 010 | 025 | 0.004 | 0.008
D 16p,t M 0° [ 1% @e°} 7°
P| 580 | 520 | 0.229 | 0244
[$|as 0010)®[7]8 ® [A ©I R | 025 | 050 | 0.010 | 0018
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the suitabillty of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. "Typical® parameters which may be provided
in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters,
including “Ty picals” must be validated for each customer application by customer’s technical experts. Motorola does not convey any Kcense under its patent
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General Description

The LMS67 and LM567C are general purpose tone decod-
ers designed to provide a saturated ftransistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a volt-
age controlled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features

m 20 to 1 frequency range with an external resistor

u Logic compatible output with 100 mA current sinking
capability

&National Semiconductor

LM567/LM567C Tone Decoder

February 1995

u Bandwidth adjustable from 0 to 14%

m High rejection of out of band signals and noise

® Immunity to false signals

u Highly stable center frequency

=’ Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodutation
Ultrasonic controis

Carrier current remote controls

B Communications paging decoders

Connection Diagrams

Metal Can Package

ouTruT
FILTER Gxo
Loo?P TIMING
FILTER CAPACITOR

TIMING
RESISTOR

TL/H/6875-1

Top View

Order Number LM567H or LM567CH
See NS Package Number HOBC

Dual-In-Line and Small Outline Packages

> 2 outeur

7
p—— GND
'
[ L5 g

CAPACITOR

output _! ]
FILTER

Loopr 2
FILTER

INPUT

¢ 5 TMING
+
Vi RESISTOR

TL/H/8875~2
Top View
Order Number LM567CM
See NS Package Number MOSA
Order Number LM567CN
See NS Package Number NOSE

©®1995 National Semiconax-ior Corporation TUH/EETS
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage Pin gv
Power Dissipation (Note 1) 1100 mwW
Vs 15V
Vy -10v
Vy V4 + 0.5V
Storage Temperature Range —=65°Cto +150°C

Operating Temperature Range
LM567H
LMS567CH, LM567CM, LM567CN

—55°Cto +125°C

0*Cto +70°C

Soldering Information
Duak-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics Ac TestCircut, T = 25°C, v+ = sv

Parameters Conditlons LMS67 LM567C/LMS67CM Units
Min Typ |[Max| Min Typ Max
Power Supply Voitage Range 4.75 5.0 9.0 475 5.0 9.0 \
Pmlnver Supply Current Ry = 20k 6 8 7 10 mA
Quiescent
Power Supply Current RL = 20k
Activated 11 13 12 15 mA
Input Resistance 18 20 15 20 kn
Smallest Detectabls input Voltage IL=100mA, § =i, 20 25 20 25 mVrms
Largest No Qutput Input Voitage Ic = 100mA, § = f, 10 15 10 15 mvrms
Largest Simultaneous Outband Signal to 6 6 4B
Inband Signal Ratio
Minimum Input Signal-to Wideband Bn = 140 kHz -6 -6 dB
Noise Ratio
Largest Detection Bandwidth 12 14 16 10 14 18 % of fy
Largest Detection Bandwidth Skew 1 2 2 3 % of fo
Largest Detection Bandwidth Variation with o
Temperature +0.41 +0.1 %/*C
Largest Detection Bandwidth Variation with | 4.75 — 6,75V .
Supply Voltage *1 £2 +1 +5 %V
Highest Center Frequency 100 500 100 500 kHz
Center Frequency Stability (4.75--5.75V) 0<TpA<70 35 £ 60 35 £60 ppm/*C
—55< Tpa< +125 35 £ 140 35 £ 140 ppm/°C
Center Frequency Shift with Supply Voltage | 4.75V — 6.75v 0.5 1.0 0.4 2.0 %IV
4.75V ~ 9v 20 2.0 %/V
Fastest ON-OFF Cycling Rate fo/ 20 fo/20
Output Leakage Curmrent Vg = 15V 0.01 25 0.01 25 pA
Output Saturation Voltage & = 25mV, Ilg = 30 mA 0.2 04 0.2 0.4 v
& = 25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns

Note 1: The maximum junction temperature of the LMS67 and LMS67C Is 150°C. For operating at davi

in the TO-5 package must be

derated basad on a thermal resistance of 150°C/W, Junction to amblant or 45°C/W, junction to case. For the DIP the devite must be derated based on a thermal

resistance of 110°C/W, junction to ambient. For the Smai Outine package. the device must be derated based on a thermal

ambient,

Note 2 Refer to RETS567X drawing for specifications of miltary LM567H version.

of 160°C/W, junction to




Schematic Diagram
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Typical Performance Characteristics

Typical Frequency Drift Typical Bandwidth Variation Typical Frequency Drift
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Typical Applications

INPUT
100-200 m¥ims

0.5 uf

0.5 uf g

0.5 §

0.5 uf ¢

Qs uf §
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Touch-Tone Decoder
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Component vakues {(typ)
Rt 6.8t 15k

R2 47x

A3 20k

C1 0.10 mig

C2 1.0midev

3 2.2mid 6v

C4 250 mid 6V

TL/H/B8TS-5




Typical Applications (Continued)
.Oscillator with Quadrature Quiput Oscillator with Double Frequency Qutput

T

T i

TL/H/8975-8 TL/H/8875-7
Connect Pin 310 2.8V to Invert Output

Precision Osciillator Drive 100 mA Loads

+

T S
2 [ 5 1

veo

TERMINAL

(+6%)
A,

cz,-;E::Ecx

TL/H/B975-8
AC Test Circuit Applications Information
sv The center frequency of the tone decoder is equal to the

free running frequency of the VCO. This is given by
1

fo ™ ———
. c1e ° T 1.1RCy

s T 24K 0033 The bandwidth of the filter may be found from the approxi-
mation
— / i
r 3 s P BW = 1070 '_0-6-2-”1%0”0
Where:
1 2 3 4 Vj = Input voltage (volts rms), V; < 200 mV

’ 1 uf C, = Capacitance at Pin 2 (uF)
.ozi .wsi .mi

o SIGNAL +5V
& b gy
TL/H/6875-0

fy = 100KkHz + 5V
*Note: Adkst for tg = 100 kHz.
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Physical Dimensions inches (milimeters)
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Metal Can Package (H)
Order Number LM567H or LM567CH
NS Package Number HO8C
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L | I 1 1
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01820020 450y o 4053~ 0080
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Small Outline Package (M)
Order Number LM567CM
NS Package Number MOSA




LM567/LM567C Tone Decoder

Physical Dimensions inches (milimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

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

2.

A critical component is any component of a fife
support device or system whose failure to perform can
be reasonably expected to cause the failure of the fife
support device or system, or to affect its safety or
effectiveness.

to the user.

Mational Semiconductor

Corporation

1111 Wes1 Bardn Aoad
Aglon, TX 76017
Tek: 1(800) 272-9959
Fexe 1(800) 737-7018

National Semiconductor
Europe
Fax (+49) 0-180-530 85 88
Emak: cnjwge @tavm2.nsc.com
Deutsch Tal: (+49) 0-180-530 85 85
English Tel: {+49) 0-180-532 78 32
Frangals Tal: (+49) 0-180-532 93 58
nallano  Tet (+49) 0-180-534 16 80

Natlonai Semiconductor
Hong Xong Ltd.

13th Floor, Straight Block,
Ocean Cenitre, 5 Carton Ad.
Taimshatsul, Kowioon

Hong Kong
Tal: (852) 2737-1600
Fax: (852) 2736-9960

National Semiconductor
Japan Lid.

Tel: 61-042-290-2208
Fex 81-043-299-2400
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