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ABSTRACT

This project presents a system of inspector quality of water that display mobile phone. It can
measure the value pH and temperature. This project uses the pH sensor and temperature sensor to detect of
pH and temperature change in water. Then it transmits the radio wave 1o the receiver. MCS - 51 is used as a

processing unit and sent the data to mobilc phone.
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W94 Bank 1H1aa141m00 1o R (RO -~ R7) daat i
MOV A, RO
oW A" 0w = 9 ed a

wrenu Gwoga AT ke wuin1in A Tunisdedn
[ o g m - =1 g g
AUSAMADT RO R7 s enuinion  Bank Nazdean e lnonis
-~ 1o o i -~ N o = W
Isungumlu PSW Dad 3 waz 4 Tamlnaud vedluns@asaiu Bank 0

¥ oo '
LETUD 01U




MOV PSW, #0001 100013

I = 1 ~ oy
ailunsAanMsaan Bank 3 TR0N15 Sor 00 RST 1oz RSO U PSW

2.5.18.1.2 Direct Addressing

ol W o oa ] + P - =t
AIUNTS 10 398 WL SV 08 8 1 Tta5 4 WAL UNTS

T

fgaanfuruen LT D MCS-51 0 15 131

; P B “ ' 2
MOV A, 35H & dnedayaininludgwmua 358 nuAnlu

ADDA20H . wandsuainAnolud s 201 i

dtoyatu A

2.5.18.1.3 Indirect Addressing
) o o o o o i P Gt Pl
ﬂ']ﬁf‘,)']:lll.‘]l'l,lul:l_'uﬂ 190140 1Y T aiian ‘i)’\']'_llzt].“li']"ﬂﬂ!ﬂﬂﬁ
d w oAy ~ - w . 1w A
RO 1Ay R Lﬂuﬂwmaga LAUMITIUEUTH T Mncmonic 3% 190709 U @
@ ¥ '
HITHUT 19U
MOV A, (i RO
MIALLIUUL HINeA e S gaand unieh Ro Sogun

= el K Lt = 1 0 o [l
Ul imend A A11uSTennod 1 mun 4o onglud e 4011 vod

ar

oo A

’ o E I R .
HeRR T ADN Y 551007114 nd e e e
MOV A RI

nadWE N laazidtunisii ssH TlaludESmaed A

2.5.18.1.4 Immcdiate Addressing
an o a ' Y - - ET)
’mn_lumsmﬂuﬂﬂwnfmmHalﬂuma vz ldnsaamuie #
WA IR A0
MOV A, 12
dlumadmuans 12 WAETma0s A nFear oCcH luszuu

gt Sezdimundhoaag i@ asdodldd 1

2.5.18.1.5 Relative Addressing
madsd s nisinee 19 S i FansgTon mp Taom
Relative Addressing (Offscl) 0211180 8 19 A0 150nTe 1aaniUnay

) 3 W = e Voo P .
wan T ld 128 8127 Sundadluyaa 1§ $lan0e 2 byie




2.5.18.1.6 Absolute Addressins

[~ 3 o 1 d;. [ Q‘J 4 y Im
Aunmsonawmadiomds ACALL naz AIMP Gaihusidais

o - o ) - v \ 9 | 4
g 2 Tud Taoduonisfazass Taaoluing 2k Sl Seaxld
' a = o ] - ~ z ! 1
wananilummand s 1 Ga Tanluludung Op-code amifum

- \ o = '
AR = A10 B TR 2 82IB1RT AG - A7

2.5.18.1.7 Long Addressig
h iy o 1 -1'1 e o u ks a o ::w
UMD sl Mf 1 7y LCALL un LIMP lanaasiiaal
¥4 g P P ’ N . a
Imdafiiu 3 Tud Taoludn 2 uaz 3 19N AR UTHUIR 16 Ta
ﬂ‘ L] -7 o 1] ':-") Q; =
FAMIAY 64Kbyte NI 1A M Uau1Tia ungnd 1w ldannah MCS-51 7

wien I eua Ny

2.5.19.1.8 Indexed Addressing
mssudnnniriiiumafasodumiaenudiniocuenlu

o -y -~ 7 o o =)

anvmzniadlaniie Taoliddmaeifiey (Program Counter M50

. = s Cl’u oA 9/ Iy 1 - & 2 2
Data Pointer) TUAIFAMHUITUAULAZUINANMT Offsel an'llﬂ'l_lu[’,lslu

]
s

e ¢ < 7 3w o o e <
SRR A (Accumulator) ‘I'N’Dﬁir.l‘]fﬂﬂ_l‘lfﬂﬂ'lﬂx‘l MOVC 158 IMP R33N

g umdumviioyBdnumzdagiii 2.0

Base Register Offset FAfective Address

PC or DPTR + Acc =

j,ﬂf'l 2.9 MR WLV Indirccr Addressing

A0E131%H U

MOVC A, o ArPC

d [ s P T g w g B
Lﬂ1-lﬂ15?)']3‘[l@fHﬁﬂ]t‘1ﬂ111'l11.lﬂ‘l’l PC BAEINNUND I A lJ'lJ.ﬂ'lJGI.'LI
=18 .—4’. "ol [~ 1 v
‘J’Dﬁlﬂ@‘; A 1'3’1 PC nagn IOO0H 0z A - 3 22AUMTOIUATNN

o 1 o b LAl o
A 10030 wunuhiEiamand A




2518 Ussnnvosyadif

Tu MCS-51 zutaafde1d s Urzinn §aif
®  Arithmetic
® ] ogical
®  Data Transfer
®  Poolean Variable
®  Program Branching

'].'l.rii"'ﬁ»mml.ﬂmﬂ'mquﬂqﬂﬁwf‘%ﬁhamﬁn e i i e aamany

lanazuaaziidalanarlun 19919 (Exceution Time) 1111

o =Y o . . .
2.5.19. 1 FAMTINWAUATITAT {Arithmetic Instruction)
o 3 o ar o o = =1 i =T o s
J.‘l|'HﬂijTlJﬂ'lﬁll'l']'i"l'li']'ll‘?‘]"]"l.lﬂﬂ.lWﬂ]ﬁﬂ'; ’I]‘lil’ﬂxlml'lI\'U'ﬂ}ﬂlﬂi‘]'ﬁ A UAzUNNE

q ket o d e & r P e W@t B vy '
r].rﬁﬁﬂﬂl.ﬂﬂﬁ A LRDANWE 1T AT ADD A 9DV H8E0 038 Uiy ]ﬂﬁﬂ'l!’ll.l.'u‘l_l L

ADD A TFH {Direer Addressing)
ADD A RO {Indirect Addressing}
ADD A_R7 (Register Addressing)

ADD A, #35H  (hinmediate Addressing)
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Mnemonic Opceration Addressing Maodes Execution
Dir Ind | Reg | lmm Time
ADD A | < byte > A=A+ <hyiec™> X X N X ]
ADDC A | < byte > A=A+<bylc>+( X X X X |
SUBB A, <Dbyle > A=A-<bytc>-C X X X X I
INC A A=A | Accumution Only ]
INC < byic > < byte » =< hyte =+ | N N X I
INC DPTR DPTR - DPTR + 1 Data Pointer Only 2
DEC A A=A | Accumuiion Only I
DEC < byic > < byte > -- < bytc > -1 X X X 1
MUL AB BA=BXA ACC and B Only 4
DIV A A=Int{A/B] ACC and 3 Only 4
B=Mod[ A/B |

DA A Decimal Adjust Accumution Oaly I

o u P ” o .4
PAMITINVIAUAMNTATNNA VTV | Machine Cvele tiAn INC DPTR
195 2 Machine Cycle magf1d1 MUL AB uag DIV AL x4 4 Machine Cyele T
I Machine Cycle 92 199m1 1 S 1 MCS-51 fhiemufinauh 12 MHz yafidana
’ w 0 ' v
atlamansnaaalademized 2.3 uonnnil Mcs-s1 falisidaffiRum vazan
: : o W W - v Y s . . . oy
ﬂ'|°1'141-114'1f.:ﬂ'.11m1"l¢1 lnoase Taalsn s e muan i Direet Addressing 130 01

et

. o ' -1 W W ot a
PTHAA WL TFH Y 40H 13 G id T
INC 7FH
A1 Tumriaod 761 agiia wilu 410
5 @ g ar ' = ooy et "
dmduirdagu mu MUL AB amihmaamaaiingluiiemens A fu
a2 e o = W@ Ao W o o I T A
wufiiy Tisimens B Fawadwinldwzivuw 16 0a Tasazmiuayludgaf
= o o o N P o Y o n ow ' s W
Fmead B uazinua luad lusvmans A rlumid g mm Side DIv AB 1
o s g W ' - w el gl = i <
wlunmsvinily A QoA B Tasradwinoazmu it A nusswinidseznnylu B
it A fif iy 2509H) nagd T B lin ity oo dignnsziidaoiid
DIV AB

o detly W = - - ' E I ] '
NG IIRENIRY] }.ﬂﬂ$l.1]'li 4 11908 H 1 180014 l]‘a'fl]]'li]fll AL B s
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dmiumsiimidmandamans dume BCD (Binary — code Decimal)
' 2 o o 4 @
U ADD 182 ADDC 92A09R 1AW/ 15 DA A (Decimal Adjust) L‘ﬁ’t’]ﬂi‘l]ﬂ1

N W o . iy a1 Ao oa .
Binary 11U BCD va1zA BED Hozgnilsust duanluins iaufiu o e §10u

'
oot

(=1 =4 v £
ATy BCD 1RuA1 595911 10113 nazaosnauani 1 osd iy ledsn
ADD A, #I

DA A

flaly A vzt sA () Feazdosdsum iy Ben Taeldiids DA

A Al A aznaimihu 60(60H)

2.5.19.2 ‘Igﬂﬁ'kﬁ”ﬂ‘ﬂ"lilﬂﬂ%ﬂ {Logical Instruction}

MCS-51 Bfdansziimiaaoingenzaaiuil Boolean Operation (AND,

- . & o VAT T T 9
OR, Executive OR Itz NOT) sammnsonszyiy luarelud vio densiia 14
o o W 3 a P
YARITINETAL [AFIN15197 2.4
ANL A, #01010011B
w Sl Y =4 Y, - o & a Y
Hadwi i laezifu13lu A fis 000100018 yed 1T IEEIAEILITDS

. M
dumualdnaronny Worsenyadidedo Il Fanszdinis AND maaadn

ANL A, 351 {Dircet Addressing)
ANL A, @R0 (Indirect Addressing)
ANL A, R6 (Register Addressing)
ANL A, #33H {(Immcdiate Addressing)

'
o

s a oy o @ v dein Yoo e o
ArdeananinannnazlFimans A funiaequazkaansi lsunylu Smaos A
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= s 4 o
fMFIIN 2.4 NETRAIPAITINIAH N

Mnemonic Operation Addressing Modes Executi
Dir | Ind Reg Imm on
Time
ANL A <hylc> A=AAND Dby X X X X 1
ANL <byte > A <hytc > <byle * AND A X 1
ANL <bytc >, #Data A <byte > =< hyte  AND #Data N 2
ORL A, < byte > A=A OR = byvte - X X X X 1
ORL <byte>. A <hyte > =< bhyte > OR A X 1
ORL < byt >, #Data < byte > - <byte » OR #Dala X 2
XRL A | <byie > A A XOR-= byte - X X X X I
XRL <byle>_ A < byte> <byle - NORA X ]
XRL < byte >, #Data < byt¢ > =< byte " XOR #Data X 2
CLR A A =001l Accumution Only |
CPLA ANOTA Accumution Only !
RL A Rotate ACC 1elt 1 bt Accumution Only 1
RLC A Rotate Left Through Carry Accumution Only 1
RR A Rotate ACC Right 1 bit Accumution Only ]
RRC A Rotate Right Through Cuarry Accimution Only |
DA A Swap Nipples in A : Accumution Only |

vooe a - o W N .
2.5.19.3 npunwran1s louonedoyn (Data Transter Instruction)

. N . d e el
ms Toudodoyamuisauiansiinedenn 1A%
L Wuaen 080 100 ¢ lernal RAM )

2. IEAMIUIIN 10U  External RAM )

3. Maaansia( Look up lables )

i wseanuddeyanioly msToudoyavesmizonaud imaTuaz14 | Machine Cycle

o w o
AU TG R RE R EA Y




MOV < Destination >, < Source -
-'I- o ']LJ:] ﬁw - o 1 1 " . - et o
KLk iA) 'L‘lﬂ'].JU'lU'li'ﬂy'ﬂ"Uﬂ:] 2 # HUTUJ'\]lI"I'H'LlTH'JﬂrJ"IlJ'l]].lTIEi]l._l H‘J't]rl.'uﬁﬂﬁlﬂﬂ'i'l’\llﬁ'ﬂ

T o ' ad o o .
msnaed i anateds deildnain13uda

o e & o o o
Q1510 2.5 nanayei1dans Teudodoyassnianiea gl

Mnemonic Operation Addressing Maodes Exccu

Dir | Ind | Reg [ Imm tion

Time
MOV A | <sgr¢ > A= <xer > X XN X X |
MOV < dcst >, A <dcst>= A hY X X |
MOV < dest >, <sr¢ < dest > =< grc - X X X X 2

>
MOV DPTR, # PDPTR = 16 — bit Immediate Constant X 2
Datal6

PUSH <sr¢> INC SP: MOV " (SP " « src > X 2
PUSH < dest > MOV <dest> " @SSP DIC 5P X 2
XCH A, <byte > ACC and < byte > Exchange Data X X X I
XCHD A | @Ri ACC and @Ri Exchange Low Nibbics X l

' ° = wl + ' °

2. 'H‘u,FJUT"]THJm‘l!fﬂilnjlﬂﬂmuﬂﬂ (External Ram) l‘l]‘uﬂ‘.ﬁf?IJ'IE‘I‘]JIﬂIqJI‘E\i$'Ii’]'lx‘]'l’ill’.liﬁlﬂ"ﬂllil"I‘{IJFJTHEI

o ' o W v ¥ e , X .o aquw =
ﬂ'lf’,lcluﬂ'l,Wl'L!'Jf,lﬂ’J"llli]']‘lli‘]]ﬁﬂﬂ’lf.lﬂl")ﬂ FMs019dIIaUY Indireer Addressimg, L e Ri 1lua

»

= & ] ~ P [ o -ciud'i Yy [ F = I3 ' oW
MR 1'731’-]1.“]'1 {E@DPTIR l'lJ'l-!ﬁTlS‘lix‘ﬁJZﬂ’NF] T A 16 VAT IH 03 K

mathedeyasgrdiandmnnudineuon ez 1401 2 Machine Cycles nazld5imans A
[~ - 3 . ~ N W o e ES 1o ' o Y Y
A source 130 destination IanlEdidaino MOVX n1FaaaBR LY 1IN 10U NIZABY 1%

AN RD UAZWR




< e Sn W o e : .
AN 2.6 YANTI lﬂuﬁﬂilﬁj@]gﬂiéﬂ‘ﬁ’.} Ni"ﬂfﬂ‘ﬁ]’t)'{/\ URZ USRIV 0

Address Width Mnemonie Operation Exccution Time
8 bits MOVX AL @RI Read External Ram e Ri 2
8 bits MOVX oRi. A Write External Ram fee i 2
|6 bits MOVXN A(@DPTR Read I xternal Ramee DP IR 2
16 bils MOVX @DPTR.A Write I'sternal Ram «aDPIR 2

3.M13AIARA1314 (Look up Tables) g rdsunan isdicuTlsunaunuinilaaisaaas Jda

A15199 2.7

A15139 2.7 Mg uannlan rig

Munemonic Operation Exceution Time
MOVC A, @A+DPTR Read Program Memory at (A+DPTR) 2
MOVC A @A-+1PC Read Program Memory at {A+PC) 2

M@ Tdsnsuuilan s eiuesld DPTR 150 PC Tunisd e winds ung 1955 mand
A 131 offset 111 F1ifa
MOVC A.@A+DPTR
TAUADS DPTR 23 RG UM AT HAUUDIM13 10 nagr Bamand A T offsec A1 DPTR 5

4 A 1 1 @ 1 a
71 2000H Loz A U1 08H mnﬂum‘smumwmmuwua 2008 H wunt i A

2.5.19.4 Boolcan instruction
ﬂixrﬂ@ﬂﬁ]ﬂﬁﬂﬁ']ﬁ“ﬂ Set. Clear. Complement. or I8 and l."]_Jj'IJ.

o w

Avdainsinaluszduile

W .




A1519h 2.8 “ljﬂﬁ'lﬁd Boolcan

Mnemaonic Operation Exccution Time
ANL C. bit C — C AND bit 2
ANL C. /bit C = C AND{NOT bhin) 2
ORL C. bit C = COR bit 2
QORG C. /but C COR(NOT bhin) 2
MOV C. bit C o obit |
MOV bir, C Bit :C 2
CLR C cC ¢ I
CLR hit Bit = ¢ I
SETB C C o I
SETH bit Bit | !
CrL C C=NOTC !
CPL bt Bit - NOT bit !
1C Rel Jump if C 1 2
INC Rel Jump if C =0 2
13 bit. Rel Jump if bit 1 2
JNB bit. Rel Jump ifbit 0 2
IBC b Rel Jamp if biv- 0C1LR bit 2

2.5.19.5 yad1dansz lasuion Ilauns uring
o o 8 Mg W ~ Yooy e w o v
Wugem @ 1 Tlsunsongz Taadw il mdsd e q

v o, o - 0w o~ !
wuthyefiidansz lae uaza@dr@aGon lsuniugng

2.5.20.6 gamdunsz lan
g o @ an wn - W | a e el '
Wudrdan i llsingunaz Toa hihiiamadiomnd s iue  nua
= o oA - oA I - W et M U
annly 2 wiaae nsg lagnnuimon lmeats Taaenu T tideula
o @ - ot I ¥ o <
1 mdanse Taauun Tuii@ou 1 lzneudnd s ATMP LIMP SIMP a4
o oo - W
e MUIimTanse laa 14
o o - A o, o w = P A \ f N
2imdanssTeaanunidouly  Slud ez innasarendou lenousii

e & MW= o o o w . e R
e a1 TS weimisidana il gad i@t ann




L
(R

- . Yoo g o= o =] -~ 1 | I3 +
JZ Rel Jump on Zero 011 1u5 denmos A Ao o aznge Taa T ld e Rel
. F ey I3 oo ~ a 1
INZ Rel Jump on not Zero M lu@denand A Lifhy o vznszTeaa ldumus Rel
DINZ  <byte>, Rcl  Decrease Jump not Zero oziiiniinaai byte &4 1 unz
- . . . TR
n3zlaa lldmug kel 19110 byte Falaiidu o
CINE A, <bure>, Rel  Compare Jump not Equal sz msals snHouni lu
==Y o a0 ¥ I 1 o -~ 1 a o '
Famans A fulu byte 01 hHimAuznseTaa luvdunniy e
CINE <byte>, #Data, Rel Compare Jump not Equal azimi7115 l'l'l.l.l.'T"lé’J'lIR“lqu{ﬁ #Data
Aua1Tu byre 61T ueznszTaa T id winia rel
2.5.19.7 nquirdaGon Tlsunsudos mmon Tdsung unonez ) ¥/
A e
CALL 43 2 ANTIND
ACALL dwmsusonTsunsudoonayinala lifu 2 K dumia
LCALL  dmsuGenhlsunsudanldgadiunuslumiasoniiug

ADI MCK31
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2.6.1 MFUHBAIUANNTTHIULINT DS1820
Tumsd@adeiulod DSIR20 awifmidendnadadiud DS1820 Wndiuaguy
s midad lsnnfigaiidaoi 3 Ardedai

1. M ludasadumiion i wesiToaivion WosamTunis i DS1820
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2.7 0% MAX232
o o st @ = w o
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; VOLTAGE DISPLAY 4 DIGIT
; HARDWARE VMML.PCB

SPAC : DS 48
DPO1 D35 1
DPOZ2 : DS 1
ppo3 DS 1
DEC4 DS 1
vT01l DS 1
VT02 DS 1
DCNT DS 1
TCNT DS 1
TSET DS 1
CTOC DS 1
CTOl Ds 1
KLOC BIT COH
CLON BIT 01H
TLOC BIT 02H
SLOC BIT 03H
ORG COO0H
LJMP INIT
ORG Q0COBH
LJMP TIME
ORG 0030H
INIT 1 MOV FO, #00

MOV P2, #0FFH
MOV P1l, #OQFFH
MOV P3, #OFFH

MOV RO, #00 ; GP

MOV R1, #00 ; GP

MOV R2, #00 ; GP

MOV R3, #00

MOV R4, #00 ; Temp Buffer
MOV R5, #00

MOV RG, #00 ; Delay

MOV R7, #0C ; Delay

MOV DCNT, #00
MOV CT0O0, #100
MOV CTO1, #40
MOV DFTR, #TABL
MOV CPO1, #00
MOV DPOZ, 400
MOV DFO3, #00
MOV DPO4, #10

MOV TMOD, #22H ; Timer 0-1 8 Bil Autoe
Reload
MOV THO, #256-231 ; 11.0592 MH=z

MOV TLO, #256-231




CLR TCON. 4

SETBE IE.1
SETE 1IE.7
MOV SCON, #50H ;o Serial Mode 1
MOV TMOD, {228 ; Timer 0-1 8 Bit Auto
Reload
MOV TH1, #OFDH ;9,600 Bps
MoV TL1, #0FDH
SETE TR1 ; Start Timer
CLR RI ; illear Receive Bit
CLR TI ;o ULear Transmit Bit
LCALL HILAY
CLR P3.2
CLR BP3.3
Jom—> Main LoOp =~—=—==——— .
MAIN : LCALL CVTM ; Read Temp (A)
MOV R4, A ;o Have Temp
MOV A, RA
RR A
ANL, A, #01111111Rr
LCALL HTBC
L.CALL DISP
LCALL TRED
L.JMP MAIN
Jm—=> Timer 0 Interrupt —-—memm oo o
TIME : DJNZ CTCO, ETIM T Hes
MOV CTCO, #1CO
DJNZ CT01l, ETIM
MOV CTO1l, #40
NCP
ETIM : RETI
o Display ————=———==emm oo m o
DISP : SETB P2.0 ;4
SETB P2.1 .
SETB P2.5 D3
SETB P2.6 ;2
INC DCNT

MOV A, DCNT

CJNE A, #04, DIP1
MOV DCNT, #00
MOV A, DCNT




DIP1

DIP2

DIP3

DIP4

EDPX

TABL

Temp Read

TRED

TRD4

TRDS5

CJINE
MOV
MOVC
MOV
CLR
LJMP

CJINE
MOV
MOVC
MOV
CLR
LJMP

CJINE
MOV
MOVC
MOV
CLR
LJMP

CJINE
MOV
MOVC
MOV
CLR
LJMP

MOV
DJINZ
RET
DB

B

JNB
CLR
MOV

CJNE

LCALL
LCALL
LCALL
LCALL
LCALL

'LCALL

LCALL
LCALL

MOV
RR

ANL
MOV

LCALL

A, £00,
A, DBECL
A, BA+DPTR
PO, A
pP2.1

EDPX

2IP2

A, #01,
A, DPO2
A, @A+DPTR
PO, A
P2.6

EDPX

DIP3

A, t02,
A, DP0O3
A, @A+DPTR
PO, A
PZ2.5

EDPX

DIF1

A, #03,
A, DPO4
A, QL+DPTR
PO, A
P2.0

EDPX

EDPX

R7, #50
R7, 5

OEBH,
068H,
013H

028H,
OFBRH,

RI, ENTR
RI

A, SBUF
A, #'A', ENTR
DisPp

DLAY

DIsSP

DISP

DLAY

DISP

DLAY

DISP

A, RA

A

A, #011111118
SBUF, &

DISP

T SH,
SFRH

Display Digit 1

Display Digit 2

Display Digit

o

Display Digit 4

O7AH,

v

Temnp

(BYH,

OD&H,

ODBH,




Pmm->

ENTR

Read Temp

TOlW

CVTM

WRTM
WROO

WRO1

RDTM
RDOCO

EQU

JNB
CLR

RET

frecm DS1820

P3.

CLR
MOV
LCALL
MOV
LCALL
JNB
LCALL
MOV
LCALL
MOV
LCALL
LCALL
LCALL
RET

MOV
RRC
JC
CLR
MOV
DINZ
SETB
NOF
NOP
NOP
NOP
DINZ
RET
CLR
NOP
NOP
NOP
NOP
SETE
MOV
DJINZ
DJINZ
RET

MOV
CLR
NOP
NOP
NOP
NOF
SETB
NOP
NOP
NOP
NOP
MOV

TI,
TI

TRDS

7

C

A, #0CCH
WRTM

A, #044H
WRTM
IO1W, 5§
RSTM

A, £0CCH
WRTM

A, #0BEH
WRTM
RDTM
RSTM

RO,
A
WRO1
IOlW
R1, #15
R1, &
IO1W

#08

RC, WROO

IO1W

IO1W

C, IO1W




MOV R1, #1b
DdnNZ R1, S

RRC A
DJINZ RO, RDOO
RET

R5TM : CLR 101w

MOV R1, #250
DJNZ R1, 5
SETE I01lW

MOV R1, #10
DJINZ R1, 3

PRTM : JB IC1w, s
JNB Iolw, s
RET

im77>  HEX To BCOD —--mmmmmmme e e __

HTBC : MOV RO, A
MOV B, #100 P SR §13
DIV AB

MOV DPOL1, A

MOV A, B
MOV B, %10 ;X S0
Div AB

MOV DP0Z2, A

MOV A, B
MOV DPO3, A

RET

DLAY : MOV R6, #00
LDINZ  R6, S
RET

HLAY : MOV R6, £00

HLOO : MOV R7, #00

DJINZ R7, %
DJNZ R6, HLOO
RET

END
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; VOLTAGE DISPLAY 4 DIGTIT
H BEARDWARE VMML. PCR

SPAC : DS 418

DPO1 : DS 1

DPO2 : DS 1

DEC3 : DS 1

DPO4 : DS 1

VTO01 : DS 1

VvT02 : DS 1

DCNT : bS 1

TCNT : Ds 1

TSET : DS 1

CTOQ : DS 1

CTO1l : DS 1

KLOC BIT 00H

CLON BIT O1H

TLOC BIT 02ZH

SLOC BIT C3H
ORG 0000H
LJMP INIT
ORG 000BH
LIMP TIME
CRG 0030H

INIT : MOV PO, %00

MOV P2, #OFFH
MOV P1, #O0FFH
MOV P3, #0FFH

MOV RO, %00 ; P

MOV R1, #00 ; Gk

MOV Rz, #00 ;7 GP

MOV R3, #00

MOV R4, #00 ; Temp Butiler
MOV R5, #00

MOV R&, $£00 ; Delay

MOV R7, #0C ; Delay

MOV DCNT, #00
MOV CT0O0, #100
MOV CTO1, #40
MOV DPTR, #TABL
MOV DEC1, #00
MOV DPCZ, #00O
MOV DPC3, #00
MOV DPO4, %00

MOV TMOD, #22H ; T'mer 0O~. B Bit Auto
Reload
MOV THO, #256-231 ; LL.Ch92 MHz

MOV TLO, #256-231
CLR TCON. 4




;e

o —-—2

;m-—=>

SETB IE.1
SETB 1IE.7
MOV SCON, #50K ;o Serial Mode 1
MOV TMOD, #22H ;o Timer -1 8 RBit Auto
Reluad
MOV THI, #0FDH 9, 600 Eps
MOV TL1 #CFDH
SETB TRl Sontore Timer
CLR RI JUL et loceive Bit
CLR TI PoUlear Uransmit Bit
LCALL HLAY
CLE P3.2
CLR B3.3
Main Loop ——-—-ommmm e
MAIN MOV A, P1
RR A
ANL A, #01111111B
LCALL HTBC
LCALL DISP
LCALL TRED
LJMP MAIN
Timer O Interrupt —-—---o-ooomm e
TIME DINZ CTOO, ETIM N AT
MOV CTOO, #4100
DJNZ CTO1l, ETIM
MOV CTO0L, #40
NOP
ETIM RETI
Bisplay o
DISP SETE P2.0 ;4
SETB P2.1 .
SETB P2.5 ;3
SETB P2.6 ;2
INC DCNT
MOV A, DCHNT
CINE A, #04, DIP.
MOV DCNT, #00
MOV A, DCNT
oTPL CIJNE A, #00, DIP2 i Disptay Digit 1
MOV A, DPO1
MOVC A, GA+DPTR
MOV PO, A




CLR P2.1
LIMP EDPX

DIP2 : CJINE A, #01, DIP2
MOV A, DFO2
MOVC A, GE+DPTR

; Display Digit 2

SETB ACC.2 ; Dot
MOV PO, A
CLR P2.6
LJMP LEDPEX
DIP3 : CJINE A, £02, DIES ; Display Digit 3
MOV A, DPO3
MOVC A, @A+DPTR
MOV PO, A
CLR P2.5
LJMP EDPY
DIP4 : CINE A, #03, EDPX ; Display Digit 4
MOV A, DPOA4
MOVC A, GA+DPTR
MOV PO, A
CLER P2.0
LJMP EDPX
EDPX : MOV R7, #50
DINZ R7, %
RET
TABL : DB OEBH, 028H, 073H, O07AH, O0BB8H, ODAH, ODBH,
068H, OFBH
DB 000oH
Volt Read ———--—mmmmmm e e
TRED  : JNB  RI, ENTR
CLR RI
MOV A, SBUF
TRD4 : CJNE A, #'B', ENTR ; Read Voll
LCALL DISP
LCALL DLAY
LCALL DISP
LCALL DLAY
LCALL DISP
LCALL DLAY
LCALL DISP
LCALL DLAY
LCALL DISP

MOV A, P1

RR A

ANL A, #01111111B
MOV SBUF, A

TRD5 : LCALL DISP
JNB TI, TRDS5
CLR TI

ENTR : RET




FTTTr MER Mo BCD e

HTBC : MOV RC, A
MOV B, #1C0 P S AR RS
DIV AB

MOV DPO1, A

MOV A, B
MCV B, #10 ;X /00
DIV AB

MOV DPO2, A

MOV A, B
MOV DOPO3, A

RET

DLAY : MOV RG, #00
DJNZ R6, $
RET

HLAY : MOV R6, #00

HLOO : MOV R7T, %00

DJNZ R7, §
DINZ R6&, HLOG
RET

END




SPAC

DPO1
DpO2
DPO3

CTOO
CTO1
DCNT

KLOC
ALOC
BLOC
DOTZ2
DOT3

Tsunsuaavweersasluinsg DUINI DY

VOLT CONVERTER

INIT

DTMF. PCB

D53 48

DS 1

D5 1

DS z

DS 1

DS 1

DS 1

BIT 0GH

BIT O1H

EBIT 02H

BIT O3H

BIT 04H

ORG CO00H

LJMP INIT

ORG 000BH

LJMP TIME

ORG 0030H
MOV Pl,
MOV P3,
MOV RO,
MOV R1,
MOV RZ,
MOV R3,
MOV R4,
MOV RS,
MOV R6,
MOV

#0FFH
#OFFH

#00C
#00
#00
%00
#00
#00
#00
R7, #0530

MOV DPCL1, #00
MOV DPO2, #GC
MOV DPO3, #00

MOV CT0O, #10C
MOV CTO0l, #40

SETBE KLOC
SETE ALOC
SETB BLOC

MOV TMOD, #22H

MOV THO,
MOV TLO,
CLR TRO
SETB IE.1

S5ETB IE.7

#256-231
$#256~-231

.

GE

—
Ll

Count

Delay
ey

Disp_ay

Timer C-1 8 Bit Auto
ReLoad
Timezxr ()

HStop Timer




MOV SCON, #50H ; Serial Mode 1

MOV TMCD, $22H ; Timer 0-1 8 Bit Auto
Relocad

MOV TH1, #0QFDH ;9,600 Bps

MOV TL1, #O0FDH

SETE TR ;o Start “iner

CLR RI ; Clear koiceive Bix

CLR TI ; Cleal fransmit Bit

LCALL HHLY

LCALL HHLY

LCALL HHLY

MOV SBUF, #'X°
JNB TD, $

CLR TT

LCALL HHLY

MOV SBUF, #'X°
JNE TI, §

CLR TT

LCALL HHLY

CLR RI
s Main LOOp ———moomcooem e
MAIN : LCALL LLAY
MN10 : MOV SBUF, #'A° ;7 Read Trop
JNB TL, $
CLR TI

MOV CTOC, #100
MOV CTO1l, #40C

SETB TRO Poatart Tiner
MNI11 : JNB TRO, MN20

JNB RI, MNI1L

CLR RT

MOV A, SBOF

MOV R3, A ;o Bave Temp

LCALL CONT
MN12Z2 : JNB P1.6, KI1ON

JNB Pi.b, KION

CLR ALOC
LJMP EMN1

K1ON : JB ALOC, EMN1
SETB ALOC

LCALL TPAL
EMN1 : LCALL HiHLY

CLR RI
NOP




Fm——>

pm——>

MNZ0

MNZ2 1

MNZ2

KZ0N

EMNZ

MN30

CTLO

CTZ0

CT50

CTe0

CT90
ENCT

Control

CONP

MOV
JNB
CLR

MOV
MOV
SETB

JNB
L/rNB

LR
MOV
MOV

LCALL

JNB
JHNB

CLR
LJMP

JB
SETB

LCALL

LCALL
CLE

NOP
LJIMP

SETB
SETB

CLR
MOV
SUBB
JC
CLR
LJMP

CLR
MOV
SUBB
JNC
CLR
LJIMP

NOP
RET

SETE
SETB

SBUF, #'R?
TIL, 3

T T

CT0O0, #.0C
CTO1l, #40
TRO

TRO, MN3C
RL, MNZL
RI

A, S5BUF
R4, A

CONP

Pl.4,
P1. 3,

KZO0N
K20N

BLOC
EMNZ

BLCC,
BLOC

EMNZ

VTAL

HHLY
RI

MAIN

Pl.6
P1.5

A, R3
A, #33
CT50
Pl.6
CT90

A, R3
A, #25
C7S0o
P1.5
CT90

P1.4
P1.3

’

7

'

?

v

Reaa Yolt

Start Timer

Dave Voltb

Lul. Up

r -High
32+1

T <« T-“ow

25

Pull Up




CP10 : CLR C ;T » T-High
MOV A, R4

SUBE A, #7606 PRGN
JC CP50

CP20 : CLR P1.4
LJMP  CPS0

CP50 : CLR C ;T L T-low
MOV A, R4
SUBB A, #65 ;65
JNC CP30

CPo0 : CLR P1.3
LJMP CP90

Cpo0 : NOP

ENCEP : RET

j===>  HEX T0O BCD —=—mmmmmm oo

HTBC : MOV RO, A
MOV B, #100 ;o X/ 0C
DIV AB

MOV DPO1, A

MOV A, B

MOV B, #1i0 ;X /10
DIV AB

MOV DPOZ, A

MOV A, B
MOV DPO3, A

RET

Jmmm> Temp Alarm ——-———————— "o

TPAL : MOV A, R3
LCALL HTBC

LCALL ATOK
LCALL HHLY
LCALL ATOK
LCALL HHLY
LCALL ATOK
LCALL HHLY

MOV DPTR, #CMGF ;o ATVECMGE =1
MOV RG, #09

LCALL ATSD

LCALL ATEN

LCALL HHLY

MOV DPTR, HCMGS ;o RT(MuH=
MOV RO, #08
LCALL ATSD




MOV DPTR, #PHNO ; Phone No
MOV RO, #12

LCALL ATSD

LCALL ATEN

LCALL HHLY

MOV DPTR, #MsL
MOV RO, f#12
LCALL ATSD

MOV A, DPO1

ORL A, #0c1idcone
MOV SBUF, A

JNB TI, 5

CLR TI

LCALL LLAY

MOV A, DPQ2

ORL A, ¥00110070DB
MOY SBUF, A

JNB TI, S

CLR TI

LCALL LLAY

MOV A, DPO3

ORL A, #00110C0CB
MOV SBUF, A

JNB TI, $

CLR TI

LCALL LLAY

MOV A, Ero!
MOV SBUF, A
JNE TT, $
CLR TL
LCALL LLAY

MOV SBUF, #2¢6 A
JNB TI, &

CLR TI

LCALL LLAY

LCALL HHLY
LCALL HHLY
LCALL HHLY
RET

Jm——> Volt Alarm —=—-mmmmmme e __

VTAL : MOV A, R4
LCALL HTEBEC

LCALL ATOK
LCALL HHLY
LCALL ATOK
LCALL HHLY
LCALL ATOK
LCALL HHLY

MOV DPTR, #CMGF ;AT HUMGE |




CMGFE
CMGS
PHNO
MSG1

MOV

LCALL
LCALL
LCALL

MOV
MOV
LCALL

MOV.
MOV
LCALL
LCALL
LCALL

MOV
MOV
LCALL

MOV
ORL
MOV
JNB
CLR
LCALL

MOV
ORL
MOV
JNB
CLR
LCALL

MOV
MOV
JNB
CLR
LCALL

MOV
ORL
MOV
JNE
CLR
LCALL

MOV
JNB
CLR
LCALL

LCALL
LCALL
LCALL
RET

DB
DB
DB
DB

RO, #09
ATSD
ATEN
HHLY

DPTR, #CMGS
RO, 408
ATSD-

DPTR, #PHNO
RO, #12
ATSD

ATEN

HHLY

DPTR, #MSG2
RO, #12
ATSD

A, DPO1

A, #0011000CB

SBUF, A
TL, $
TI

LLAY

A, DPOZ

A, #00110C00B

SBUF, &
TI, $
TI

LLAY

A, #'.7
SBUF, A
TI, S
TI

LLAY

A, DPO3

A, #00110C00B

SBUF, A
TI, §
TI

LLAY

SBUF, #26
T, %

TI

LLAY

HHLY
HHLY
HHLY

'AT+CMGFE=1"
'AT+HCMGS="'

'"0g40z02.39m™!
'TP. ALARM ='

r

‘

AT+CMGS=

Phone

~E

No




P

HEE -]

o=

MSG2

Check Phone

ATOK

ATEN

AT Command Send

ATSD
ATS0

Timer O

TIME

ETIM

LLAY

DB 'PH. ALARM -
MCV SBUF, #'A’
JNB TI, $
CLR TI
LCALL LLAY
MOV SBUF, #'T"
JNB TI, $
CLR TI
LCALL LLAY
MOV R7, 450
CJNZ R7, $
MOV SBUF, #13
JNB TI, $
CLRTI
LCALL LLAY
MOV SBUF, #10
JNB TI, §
CLR TI
LCALL LLAY
RET
MGV R1, #00
MOV A, R1
MOVC B, GA+DPTR
MOV SEUr, A
JNB TI, $
CLR TI
MOV R7, #0C0
DJNZ R7, §
INC R1
DJNZ RO, ATSO
MOV R7, #00
DJNZ R7, 8
RET

Interrupt
DJNZ CTOO, ETIM
MOV CTO0, #104
DINZ CTO01l, ETIM
MOV CTO1, #40
CLR TRO
RETI
MOV R7, #CO
DJINZ R7, $

.

v

Erites

Send

Delay

Delay

Command




DLAY
CLOO

HHLY
HHO1
HHOZ2

RET

MOV
MOV
CINZ
DJINZ
RET

MOV
MOV
MOV
DJINZ
DJINZ
DJINZ
RET

END

R&,
R7,
R7,
R6,

R3,
R6,
R7,
R7,
RE,
R5,

#00
#00

DLOO
#06
$00
#00

HHOZ2
HHO1
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The product described in this manual conforms to the Radio and Telecommunication
Terminal Equipment (R&TTE) directive 99/5/EC with requirements covering EMC
directive 89/336/EEC and Low Voltage directive 73/23/EEC. The product fulfils the
requirements according to 3GPP TS 51.010-1, EN 301 489-7 and EN60950.

SAR statement: This product is intended to be used with the antenna or other
radiating element at least 20cm away from any part of the human body.

The information contained in this document is the proprietary information of

Sony Ericsson Mobile Communications International. The contents are
confidential and any disclosure to persons other than the officers, employees, agents
or subcontractors of the owner or licensee of this document, without the prior written
consent of Sony Ericsson Mobile Communications International, is strictly
prohibited. Further, no portion of this publication may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, without the prior written consent
of Souy Eriesson Mobile Communications International, the copyright holder.

First edition (June 2002)

Sony Ericsson Mobile Communications International publishes this manual
without making any warranty as to the content contained herein. Further

Sony Ericsson Mobile Communications International reserves the right to make
modifications, additions and deletions to this manual due to typographical errors,
inaccurate information, or improvements to programs and/or equipment at any time
and without notice. Such changes will, nevertheless be incorporated into new editions
of this manual.

All rights reserved.
©  Sony Ericsson Mobile Communications International, 2002
Publication number: LZT 123 7359 R1B

Printed in UK




Contents

1. Introduction 5
1.0 DEBCIIPHON e e verenverereeessess s issssssast e b b suesns sassrsessesnesesssssnsessnscsanssssasesns 5

1.2 HIBhLIBRIS ..oviiiicicisirernanereesisescerereceresesneasessse e snsasssesssesassnasssessssssssssssosesass 5

1.3 Main Features and ServiCes ..o v ciorcseeeaeees s msessssasssaeamaaeseesnmsessmmees 6

1.4 Service and SUPPOIL ... cccierierececereresssrsasrsssasisssssesssssasssssss oot ssorsossomenessrens 9

1.5 PIOCAULIONS «.cceieiececiissrcctresveresseessesresstsesasassssessssanasssbtsransessbaresstessmnesesanessens 9

1.6 ADDIEVIALIONS ..vccvieiesieciteesrrresiereseresesenesessee st aeesssrssbbteseneeessasssssessenessnnnsessses 9

2. Mechanical Description 11
2.1 OVEIVIEW ....eeicciieseiessseess i sissssstbeennae s vomeresesssassts sensnessasesssssennsseasssasssesransassse 11

2.2 Physical DImenSionS ......ccciveeeenuicrserieneeccesessssss sesssassssssssns sansessansassesssonssesnses 12

3. Electrical Description 13
3.1 POWET CONNECLON ..cccceeieiieeireccenscsaesssesssssnasesssssssssssssnessmseseeneasssssnsrssonessnnes 13

3.2 ANQIO CONNECLOT ... csreseneteteseeesoneseaeseasessnesnsesssssseanssssmsessesres 14

3.3 ANIENNA CONMECION. ... iiriiiisiiiesmrereeeeesersesesessesrassneessseesassasssssesssnssemseessresssses 16

3.4 SIM CArd REAAET ...ttt sree e iesreens setsserssesstessessssesssessessnensas 17

3.5 RSB232 Serial POrt.......coeeicereneeccieeec e sinsessseesiisssssssssssss sessessaseressnssssesssensvonnss 18

3.6 Real Time CIOCK ..oocueeeiceeeeieeeterire et e eecsstesetotesennsserevesamesasnmsssssessssssssness 20

3.7 SORWAre UPdates .......oiviieeiiicirceenessrnrennsinisse e senssessossssasesessosssns 20

4. Operation 21
4.1 Switching On the MOEm ..........cccoiveieeiieiiteeseeieeeeeeseesesraesssssssessssesssssesssses 21

42  Switching Off the Modem.........ccouvvorreeniincneereeennsererce st s enssnresees 21

4.3  Resetting the MOAEIM ......veece e ceersneesecssessses s essesessssosssasssneesenssasns 21

4.4 Operating States/LED ..........ccccoviirenrecrncrsesereessssesssssasssssscsissss soanmsns 21
Technical Data 23

AT Command Summary 27

3

LT 123 RS9 R1B




GM2? TECHNICAL DESCRIPTION

LZT 123 rasg R1B




1. INTRODUCTICN

1. Intfroduction

1.1 Description

1.2 Highlights

The dual band EGSM 900/1800MHz GM29 is a GSM/GPRS serial
modem. The modem is a powerful and flexible device that can be used
in a wide range of telemetry and telematics applications that rely on the
remote exchange of data, voice, SMS or faxes via the GSM cellular
network.

Small and lightweight, the GM29 has standard connectors and an
integral SIM card reader making it easy and quick to integrate. As well
as providing a standard RS232 serial communication interface the
GM29 also has an audio interface allowing an analogue handset to be
connected. When the GM29 is integrated into an external application, a
wireless communicaions system is created.

A typical end-to-end system consists of a micro controller in an external
application communicating, via the GM29 medem, with a remote
terminal or host using the GSM network. The micro controller uses a set
of AT commands to control the modem, and to set up the end-to-end
communications link, via its 9-way RS232 serial interface.

GM29 serial modems are intended to be used by manufacturers, system
integrators, application developers and developers of a wide range of
equipment and business solutions, typically in the following fields:

* Security and alarms

+ Vending

* Monitoring and control
« Utilities

* Fleet Management

¢ Dual band, EGSM 500/1800MHz, GSM/GPRS serial modem
+ Flexible plug-and-play device

+ Data: GPRS, HSCSD, CSD, SMS

* Voice: full rate, enhanced full rate, half rate

+ SMS: mobile-originated, mobile-terminated, cell broadcast
» Fax: Group 3, Classes 1 & 2

+ RS232 9-way serial interface

* 5V-32Vd.c. input

* 4-wire audio connection

* Antenna connection (FME male)

* R&TTE type approved
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1.3 Main Features and Services

The modem perforins a set of telecom services (TS) according to GSM
standard phase 2+, ETSI and 1TU-T. The services and functions of the
modem are implemented by issuing AT commands over the R$232

serial interface.

1.3.1 Types of Mobile Station

The GM29 is a dual band serial modem with the GSM radio

characteristics shown in the table below,

GM29 GSM%00 E-GSM 900 GSM 1800

Frequency Range [{MHz) TX: B90-915 TX: 880-890 ™@: 1710-1785
RX: 935960 RX: 925935 RX: 18051880

Channel spacing 200kHz 200kHz

Number of channels 173 camiers *8 (TDMA) 374 camiers *8 [TDMA)
G5M: channek 1 to 124 DCS: channels 512 to 885
E-G5M: channek 975 to 1023

Modulation GMSK GMSK

TX phase accuracy
Duptex spacing

Receiver sensilivity at
antenna connector

Transmitter output power
at antenna connector

< 5° RMS phase emor {burst)
45MHz
<-102dBm

Class 4
2W {33dBm)

Automalic hand-over between GSM 200 and GSM 1800

< 5° RMS phase error {burst)
95MHz
<-102dBm

Class 1
TW {30dBm)

1.3.2 Short Message Service

The modem supports the following SMS services:

+ Sending; MO (mobile-originated) with both PDU (protocol data
unit) and text mode supported.

* Receiving; MT (mobile-terminated) with both PDU and text mode
supported.

+ CBM (cell broadcast message); a service in which a message is sent
to all subscribers located in one or more specific cells in the GSM
network (for example, traffic reports). This feature is network
dependent.

+ SMS STATUS REPORT according to GSM 03.40.

* SMS COMMAND according to GSM 03.40,

The maximum length of an SMS message is 160 characters when using
7-bit encoding. For 8-bit data, the maximum length is 140 characters.
The modem supports up to 6 concatenated messages to extend this

function.
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1.3.3 Voice Calls

1.3.4 Data

1.3.5 Fax

The GM29 offers the capability of mobile originated and mobile
terminated voice calls, as well as supporting emergency calls.
Muliti-party, call waiting and call deflection features are available.
Some of these features are network-operator specific.

For the inter-connection of audio, the modem offers a balanced 4-wire
analogue interface. The GM29 has embedded echo cancellation and
noise suppression for improved audio quality.

DTMF (Dual Tone Multi Frequency) is supported.

The modem supports the following data protocols:

* GPRS (General Packet Radio Service).
Modems are Ciass B terminals, which provide simultaneous
activation and attachment of GPRS and GSM services. GM29
modems are GPRS class 8 (4+1) enabled devices, which are capable
of transmitting in one timeslot per frame (up link), and receiving at a
maximum of four timeslots per frame (down link).

+ CSD (Circuit Switched Data).
GM29 modems are capable of establishing a CSD communication at
9.6kbps.

« HSCSD (High Speed Circuit Switched Data),
GM29 supports HSCSD class 2 (2+1) communication, with one
timeslot per frame capacity in the up link and two timeslots per
frame capacity in the down link.

The GM29 allows fax transmissions to be sent and received by
commercial fax software installed on the application computer. Group
3 fax Classes 1 and 2 are supported.

1.3.4 Supplementary Services

« Call forwarding

» Call hold, waiting and multiparty

» Calling/called number identification
= Advice of charge

= USSD

* Alternate line service

« Customer service profile

* Preferred networks
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* Operator seiecuon

» Netwark registration
Calling cards

« Call barring

Call transfer

1.3.7 Serial Communication

The GM29 enables an end-to-end communication path to be established
between the external telemetry/telematics application and a remote
terminal or host, via the GSM network. Once a path has been set up,
voice or data communication can take place. Serial data with flow
control according to the RS232 signailing protocol operates between the
modem and the external application.

Contro! of the GM29 is by the external application, via the RS232 serial
interface, using a set of AT commands. The GM29 supports the full set
of AT commands according to GSM 07.05 and GSM 07.07. It also
supports an extended set of Ericsson proprietary AT commands to add
extra functionality.

AT commands are used to operate the modem and have a broad range
of functions including:
+ configuring general parameters of the GM29;

* setting up and controlling communications to and from the GSM
network;

» configuring the modem to communicate across the R$232 serial
interface;

* and obtaining GSM network status information.

For more detail on the AT commands supported by the GM29 see “AT
Command Summary”, page 27.

1.3.8 Interfacing with the GM2Y

The GM29 uses the following industry standard connectors to interface
with the external application and the GSM network;

* RJ11 (plug-in power supply connector)
RJ9 (handset audio connector)

Integral SIM card reader

FME male (antenna connector)

Sub-D socket, 9 pin (RS232 serial port)
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1.4 Service and Support

1.5 Precautions

To contact customer support please use the details below:

Customer Suppon

Sony Ericsson Mobile Communications
Maplewood Building

Chineham Business Park

Basingstoke

RG24 8YB

E-mail: modules.support@sonyericsson.com
or
modules.info@sonyericsson.com

Information about Sony Ericsson and its products is available on the
following web site:

http://www.senyericsson.com/M2M

The GM29 as a standalone item is designed for indoor use only. To use
outside it must be integrated into a weatherproof enclosure. Do not
exceed the environmental and electrical limits as specified in
“Technical Data”, page 23.

1.6 Abbreviations

Abbrevigtion  Expianations

CBM

GPRS
GSM
HR
HSCSD

Ce¥ Broadcast Message

Cell Broadcast Service

Circuit Switched Dala

Data Circult Terminaiing Equipment

Dala Terminal Equipment

Duagl Tone Multi Frequency

Enhanced Full Rate

Blectro-Magneiic Compatibility
European Telecommunication Standards Institute
Full Rate

General Packel Radio Service

Globat System for Moblte Communication
Haff Rate

High Speed Circuit Switched Data
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Abbreviation  Explanations

mu-T Intemational Telecommunication Union - Telecommunications
Standaordisation Sector

ME Mobile Equipment

MO Mobile Originated

MS Mobile Station

MT Mabile Terminated

PDU Protocol Data Unit

RLP Radio Link Protocol

RF Radio Freguency

RTC Redat Time Clock

SiM Subscriber Identity Module

SMS Short Message Service

TA Terminal Adapter

TE Terminal Equipment

TS Telecam Services

10
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2. MECHANICAL DESCRIPTION

2. Mechanical Description

2.1 Overview

The pictures below show the mechanical design of the GM29 along
with the positions of the different connectors and mounting holes. The
GM29 case is made of durable PC/ABS plastic.

Figure 2.1 GM29 viewed from the left side

Figure 2.2 GM29 viewed from the right side
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2.2 Physical Dimensions

45.3
66.4

51.0

&
W
10.8

28.2

N
}

11.0

—_— e

Measurements are given in millimetres. See also “Technical Data”,
page 23.
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3. BECTRICAL DESCRIPTION

3. Electrical Description

All electrical connections to the GM29 are protected in compliance with
the standard air (4kV) and contact (8kV) discharge ESD tests, of

EN 301 489-1.

The modem uses the following industry standard connectors:

* RJ11 6-way (power connector)

RJ9 4-way (handset connector)

+ SIM card reader

« FME male coaxial jack (antenna connector)

Sub-D socket, 9 pin (RS232 serial port)

3.1 Power Connector

An RJ11 6-way connector, as shown and described below, servesas a
means of supplying and controlling d.c. power to the modem.

The supply voltage, VCC, required by the modem is in the range 5V -

32V d.c. Application of the supply voltage does not switch the modem
on. To do so an additional active-high control signal, TO_IN, must be
applied for> 0.2s,

A second active-high control signal, HR_IN, can be used to switch the
modem off when applied for 1 - 2 seconds, or can be used to perform a
hardware reset when applied for > 3.5s.

TO_IN and HR_IN are referenced to GND (pin 6 on the connector).
VCC and GND are reverse polarity and overvoltage protected.

IHRIN 5nic
4 TO_IN 6 GND

13
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The power connector electrical characteristics are listed below:

Pin  Signat Dir Limits Description
1 YCC | 5-v Positive power inpul
2 - - - No connection
3 HR_IN | -0.5-32v  Active high control ine used to switch
off or reset the modem
VH > 5V, V||_ <2V
Power Off: 15 <t <25
Hard reset: 1 > 3.55
4 TO_IN | -0.5-32v  Active high confrol iine used 10 switch
on the modem
Vi > SV. VL <2V
Power on; t >0.2s
5 - - - No connection
é GND i -

Negative power {ground) input and
return pctﬁ?or TC_IN and HR_IN

3.2 Audio Connector

A 4-way RJ9 connector, as shown below, allows a telephone handset to
be plugged into the modem, giving access to the microphone and
carpiece signals. The connector may also be used to drive other
analogue audio sub-systems or devices.

The GM29 is configured to work with a range of handsets. [f necessary,
changes can be made to the characteristics of the audio interface by
sending the modem appropriate AT commands.
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Audio signal descriptions are listed below:

Pin  Signal Dir Description

1 MICN i Microphone negative inpu
2 BEARN (o] Earpiece negative output
3 SEARP O Earpiece positive output

4 MICP | Microphone positive input

MICP and MICN are balanced differential microphone input signals.
These inputs are compatible with an electret microphone.

BEARP and BEARN are the speaker output signals. These are
differential-mode outputs. The electrical characteristics are given in the

table below.
Parameter Limit
Output level (diferential) 240V,
OQutput level {[dynarnic load = 320) 228V,
Distortion at 1kHz and maximum output level 3%
Oftfset, BEARP to BEARN +30mv
Ear-plece mute-switch ahlenuation 240dB

The following table shows the ear piece impedances that can be
connected to BEARP and BEARN.

Ear piece mode! Impedonce Tolerance
Dynamic eor piece [32€02 + 800uH] // 100pF +20%
Dynamic ear piece [150£2 + 80OpH] // 100pF +20%
Pieza ear piece 1k + &0nF +20%

16 independent audio filters (8 transmit and 8 receive) determine the
frequency/gain response characteristics of the audio interface. The gain
characteristics of each of the Tx and Rx filters can be customised using
AT commands to optimise and match the performance of the audio
interface to a particular handset or audio sub-system.

The allowable range of the gain parameter for each RX and TX DSP
filter is -11 to +9dB.

The factory default settings for the DSP filters provide optimised
performance for the recommenced handset accessory.
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3.3 Antenna Connector

The antenna connector allows transmission of radio frequency (RF)
signals between the modem and an external customer-supplied antenna.
The modem is fitted with a 5002, FME male coaxial jack as shown
below.

The table below shows the antenna electrical characteristics:

Parameter Limit Description

Nominal impedance 50!1‘ l(SW’R better than
2.5:

2 watt peak (Class 4) Extended GSM9P00
Output Power

1 Watt peak (Class 1) GSM 1800

Better than -102dBm Extended GSM900

Stafic Sensitivity
Better than -102dBm G3SM 1800

146

LIT 123 7358 RB



3. EHECTRICAL DESCRIPTION

3.4 SIM Card Reader

The GM29 is fitted with a SIM card reader designed for 3V and 5V SIM
cards. It is the flip-up type which is lockable in the horizontal position
and is accessed through a removable panel as shown below.

17
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3.5 R§232 Serial Port

The modem supports a standard R5232 serial interface (EIA/TIA 574)
via its 9 pin Sub-D connector, shown below. In line with serial
communication terminology the GM29 serial modem should be
considered as the data circuit-terminating equipment (DCE) and the
external application or computer as the dota terminating equipment

(DTE).

The electrical characteristics of the serial port signals are shown below:

Pin  Signal Dir Yoltage  Description
levels

1 DCD 0 >+4V Dcto camier detect
<-4V

2 RD o] > +4V Received dota
<4V

3 1| | >2V Transmitted data
<08V

4 DTR 1 >4V Data terminal ready
<0.8Y

5 GND - ov Grournd connection

é DSR o} > +4V Data set ready
<-4V

7 RTS 1 >2V Request to send
<08V

8 CTs o} >+4V Clear fo send
< —4Y

9 RI o] > +4V Ring indicator
<-4V
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3. ELECTRICAL DESCRIPTION

3.5.1 Serial Data

The modem supports the standard data character format of 1 start bit,
8 bit data, no parity plus 1 stop bit, in total 10 bits per character.

3.5.2 Serial Data Signals - RD, TD

The default baud rate is 9.6kbps, however higher bit rates up to 460kbps
are supported and can be set by AT commands. At start-up the GM29
transmits and receives data at the default rate of 9.6kbps in either
standard AT mode or binary mode (the first received data - AT or binary
format - determines the operating mode).

Serial Data From Modem (RD)
RD is an output signal that the modem uses to send data to the
application.

Serial Data To Modem (TD)
TD is an input signal, used by the application to send data to the modem:.

3.5.3 Confrol Signals - RTS, CTS, DIR, DSR, DCD, RI

RTS and CTS are capable of transmitting at 1/10th of the data
transmission speed for data rates up to 460kbps (byte-oriented flow
control mechanism).

Request to Send [RTS)

Used to condition the DCE for data transmission. The default level is
high by internal pull up.

The exact behaviour of RTS is defined by an AT command. Software
or hardware control can be selected. Hardware flow is the default
control.

The application must pull RTS low to communicate with the modem.
The modem will respond by asserting CTS low, indicating it is ready for
communication.

Clear To Send {CTS5)

CTS indicates that the DCE is ready to transmit data. The default level
is high. You can define the exact behaviour of CTS through an AT
command, and can select software or hardware flow contro}.
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Data Terminal Ready {DTR)

DTR indicates that the DTE is ready to transmit and receive data. It also
acts as a hardware ‘hang-up’, terminating calls when switched high.
The signal is active low. You can define the exact behaviour of DTR
with an AT command.

Data Set Ready {DSR)

An active DSR signal is sent from the modem to the application (DTE)
to confirm that a communications path has been established. DSR has
two modes of operation, settable using the AT command AT&S.

Data Carrier Detect {DCD)

DCD indicates that the DCE is receiving a valid carrier (data signal)
when low. You can define the exact behaviour of DCD with an AT
command.

Ring Indicator (Ri}

Rl indicates that a ringing signal is being received by the DCE when
low. You can define the exact behaviour or RI with an AT command,

3.6 Real Time Clock

The GM29 contains a real time clock (RTC) to maintain accurate
timekeeping and to enable “timestamping” of messages.

The RTC is powered all the time that the modem is tumed on. When the
modem is powered off, a stored energy device within the GM29
provides back-up power to maintain the RTC for at least 7 hours.

3.7 Software Updates

It is possible and sometimes necessary to update the GM29 software.
Updates must be carried out by a Sony Ericsson approved technician.
Please contact your supplier for details (see “Service and Support”,

page 9).
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4. OPERATION

4. Operation

4.1 Switching On the Modem

There are two ways to switch on the modem, once power is applied.
* either assert TO_IN high for > 0.25;
* or activate the RS232 control line DTR, high for > 0.2s.

The modem is fully operational after 4 seconds. Logging onto a network
may take longer than this and is outside the control of the modem.

The modem can be configured to start up at the time power is applied

by permanently tying power connector signals TO_IN {pin 4) and VCC
(pin 1)together. in this case DTR must be used to switch the modem on
again after it has been switched off or reset, while power is still applied.

4.2 Switching Off the Modem

There are two ways to switch off the modem as described below:
» either use the appropriate AT command;

» or assert HR_IN high for 1 - 2 seconds. A delay of up to 10s is
experienced as the modem logs off the network.

4.3 Resetting the Modem
A full system reset, independent of the status of the software, may be
applied to the modem as follows:
» assert HR_IN high for > 3.5s.

4.4 Operating States/LED

The modem has a green LED, as depicted below, which is used to
indicate various operating states. These states are described in
following table.

B

21
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Operating state LED

Afler swilching on the modem On afler 4s
Switch off or power remaved Oft
Standby or talk Aashing
No néiwork. network search, no SIM cord, no PIN On

entered

22
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5. TECHNICAL DATA

5. Technical Data

Data Features

CsD

HSCSD {2+1)

GPRS Class B (4+1)

- P channets

- Coding schemes C51 - C54

GSM

Up to 9.56kbps, transparent and nor-
transparent

Up to 19.2kbps

85.6kbps {subject to network support and
terminal location)

07.10 multiplexing protocol

Short Message Service Features

SMS

Text and PDU
Point to poirt (MT/MQ)
Cell broadcast

concatenation of up to 4§ SMS

Voice Features

FUll Rate, Enhanced Full Rate and Half Rate
(FR/EFR/HR)

Echo Cancellation and Noise Reductian

Dual Tone Mulli Frequency (DTMF

Fax Features

Group 3
Class 1and 2
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Data Storage

SMS storage capacity 40 in ME
in addition, the unit can handle as many
SMS as the SIM can stare
Phone book capacity 100
Power Supply
Supply vollage range 5-32vdc.
Average Power Consumption
Idle Mode  Transmit/Operation
Voice/CSD <i5mA <250mA (<2A peak)
GSM900
Data {GPRS 4+1) <15mA <3530mA (<2A peak)
Voice/C5D <15mA <250mA (<1.75A peak]
G3M 1800
Data (GPRS 4+1} <l5mA <350mA (<1.75A peak)

Notel The power consumption during transmission is measured at maximum

transmitted power.

Radio Specifications

Frequency range

Maximum RF ocutput
power

Antenna impedance
Static sensitivity

GM29: EGSM 00MHz and 1800MHz {dual band)
2W {Y00MHz} and 1W {1800MHz)

504
Better than -102dBm

24
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Audio Specifications

Parameter Limit
Qutput level {differential) 240V,
Qutput level (dynamic load = 320) 228V,
Distortion at 1kHz and maximum output level 5%
Offset, BEARP o BEARN +30mv
Ear-piece mute-switch attenuation z40dB
Ear piece model impedance Tolerance
Dynamic ear piece [3202 + 800uH] // 100pF 120%
Dynamic ear plece [1500Q + 800uH] // Y00OpF +20%
Piezo ear piece k) + 60nF +20%

SiIM Card Reader

Voltage type

Support for 3V and 5 V SIM cards

Electrical Connectors and LED

Plug-in power supply
connector

Handset audio connector

Antenna connecior

RI11 éway

RJ9 4-way
FME mate

R$232 port Sub-D socket, # pin

LED Green
Mechanical Specification

Length 77.4mm

Width 66.4mm

Height 26.2mm

Weight <130g

LZT 123 7358 R18
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Environmental specifications

Openating temperature
range

Storage temperature
range

Relative humidity

Stationary vibration,
sinuscidal

Stationary vibration,
randéom

Non-stationary vibration,
In¢luding shock

Bump
Free tall transportation

Roliing piiching
fransporiation

Static load

Low aor pressure/high air
pressure

-25°C to +55°C
-40°C to +85°C

5 - P5%. non-cordensing

Displacement; 7.5mm

Acceleration omplitude: 20m/s? and 40m/s*
Frequency range; 2-8Hz, 8-200Hz, 200-500Hz

Acceleration spectrol density {m?/s7):
094,288,096

FreQquency range:
5 10Hz. 10-200Hz. 200-500Hz. 40mmn/axis

Shock response spectrum |, peak acceleration:
3 shocks in each axis and direction;
300m/s?, 1ims

Shock response specirum (I, peak acceleration;
3 shocks in each axis and direction;
1000m/s?, 6ms

Acceleration: 250m/s*
1.2m
Angle: t35degrees; period: 8s

10kPa
70kPa/106kPa

Certfificationi

Directive 1999/5/EC

EMC: EN 301 489-1
EMC: EN 301 489-7
Safely: EN 60950
GSM 3GPP TS 51.010-1

Tested occording to GCF-CC
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6. AT COMMAND SUMMARY

6. AT Command Summary

The AT standard is a line-oriented command language. AT is an
abbreviation of ATtention and it is always used to start sending a
command line from the terminal equipment (TE) to the terminal adaptor

(TA).

The command line consists of a string of alphanumeric characters. It is
sent to the modem to instruct it to perform the commands specified by

the characters.

As the list of AT commands supported ocassionally changes, it is wise
to check the latest listing with Sony Ericssen before starting any
software development (see “Service and Support”, page 9).

Conftrol and identification

Subscriber mformation

Product and release
information

Generic nformation and
settings

Security and locks

Product functionality

ATHCNUM, AT+CIMI, AT*ESNU

ATHCGMI, AT+HCGMM, ATHCGMR, AT+HCGSN
AT. AT*, AT+CLAC, ATI, AT+HCSCS, ATAF,
ATEW, ATZ, AT+WS46, AT*E25SN

AT*E2S5D, AT*EPEE, AT+CPIN

AT+CFUN

Call Controi

General call conirol

DTMF

Data commands

ATA, ATD, ATL, ATH, ATP, ATI, ATX, AT+CHUP,
AT+CMOD, ATHCVHU, AT+CR, AT+CRC

AT+VTS
ATO, AT+CRLP, AT"E2ESC

Audio Control

Audio profile modification

Audio profile manipulation

D3P fiter settings

AT'E2ZEAMS

AT*EALR, AT*EAMS, AT*EARS. AT*ELAM,
AT*EMIR, AT*EMIC, AT*EXVC, AT*E2APR

AT'E2DSPRX, AT*E2DSPTX
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Network Services

Settings

Altemate fine service (ALS)
Customer service profie
Cali forwarding

Calling/called number
identiification

Prefermed networks

Advice of charge

Cdling cards

Cadll hold, waiting and
multiparty

Operator selection
Network registration
UssD

Security and locks

Service provider indication

AT'EALS, AT*ELIN, AT*ESLN

AT*ECSP

AT+CCFC, AT*EDIF

AT+CLP, AT+CLIR, AT*EIPS, AT+COLP

AT*EPNR, AT*EPNW

AT+CACM, AT+CAMM, AT+HCAQC,
AT+CPUC

AT*ESCN
AT+CCWA, AT+CHLD

AT+COPS

AT+CREG

AT+CUSD, AT+CSSN, AT*E2SSI
AT+CLCK, AT+CPWD, AT*ECP!
AT*E25PN

Resetting

ME status information

Error control

AT*EMAR

AT*ECAM, AT+CSQ, AT+CIND, AT+CPAS,
AT+CMER

AT+CMEE, AT+CEER

Short Message Service and Cell Broadcast

Seﬁmbs

SMS command

Readjwrite SMS

Send SMS
Format

Broodcast message type

AT+CPMS, AT+CRES, AT+CSAS, ATH+HCSCA,
ATHCSMS, ATHCNML, AT+CSDH, ATHCSMP,
AT+CGSMS
AT+CMGC

AT+CMGD, ATHCMGW, AT+CMGL,
AT+HCMGER

AT+CMGS, AT+CMSS
AT+CMGF
AT+CSCB
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6. AT COMMAND SUMMARY

Phonebook

Read/wrile/find AT+CPBS, AT+CPBR. AT+HCPBW, AT+CPBF

Groups ATESAG, AT*ESCG, AT*ESDG, AT*ESDI,
AT'ESGR

Settings AT'E2PBCS

Time ond date

AT+CCLK, AT+CTIU, AT'EDST

Interface Commands

Data - GPRS

Flow control ATBC, ATRD, ATHFC, AT+IPR
$ registers Q%{; QTSIO ATS2. ATS3, AT54, ATSS, ATSS,
Response control ATHLRR, ATE, ATV, ATQ, AT+CSCS
07.10 Mulliplexing AT+CMUX
DSR mode selection AT&S
Fomat ATHICF
PDP context activation ATHCGACT
GPRS aftachment AT+CGATT
Enter data state AT+CGDATA
Define PDP context AT+CGDCONT
GPRS event reporting AT+CGEREP
Show PDP address AT+CGPADDR
Quafity of service profie AT+HCGQMIN
{Minfmum Acceptable)
Quality of service profilke AT+CGQREQ
{Requested)
ggﬁnehwork regisiration AT+CGREG
Data - CSD and HSCSD
Radio Link Protocal AT+CRLP
Parameter report AT+CHSR

LIT 123 7359 R1B

29



GM2? TECHNICAIL DESCRIPTION

Fax

Upgrading AT+CHSU

Servi::e type AT+CBST

Parameters AT+CHSC, AT+CHSD

Configuration AT+CHSN
Network Information

Cell information AT E2CD

Engineering mode AT*E2EMM, AT EZNBTS
SIM Application Toolkit

Setup cal AT E2STKC

Display text AT*E2STKD

Get inkey AT'E2STKG

Get input AT*E2STKI

Select item AT E2STKL

Set up menu AT E2STKM

Envelope (Menu Selection) AT*'E2STKN

Application toolkit settings AT*E2STKS

Control AT E2STKTO

nterface datarate AT E2FAX

Low ievel commands

AT+FAA, AT+FBADLIN, AT+HFBADMUL
AT+FBOR, AT+FBUG, AT+FCIG, AT+FCLASS,
AT+FCQ, AT+FCR, AT+FDCC, AT+FDFFC,
AT+FDIS, AT+FDR, AT+FDT, AT+HFECM, AT+FET,
AT+HFK, AT+FLID, AT+FLNFC, AT+FLPL,
AT+FMDL?, ATHFMFRZ, AT+FMIR, AT+FMINSP,
AT+HFMM?, AT+HFMRZ, AT+FPHCTO, AT+FPTS,
AT+FRBC, AT+FREL, AT+FREV?, AT+FRH,
AT+FRM, AT+FRS, AT+FSPL, AT+FTBC, AT+FTH,
AT+FTM, AT+FTS, AT+FVRFC, ATH+HFWDFC
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MAX232, MAX232|
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1889 - REVISED OCTCOBER 2002

® Meet or Exceed TIA/EIA-232-F and ITU MAX232 . .. D, DW, N, OR NS PACKAGE
Recommendation V.28 MAX2321. . '(’?'bmg:)" PACKAGE

& Operate With Single 5-V Powar Supply

® Operate Up to 120 kbit/s 1~ 16l vee

® Two Drivers and Two Recelvers 2 15 ?:quT

® 130-V Input Levels 3 :; :]| RN

® Low Supply Cumrent. .. B mA Typical 5 12[] R1OUT

® Designed to be Interchangeable With 6 1 TN
Maxim MAX232 7 10]] T2IN

® ESD Protection Exceeds JESD 22 8 ] ] R20UT

- 2000-V Human-Body Model (A114-A)
® Applications
MA/EIA-232F
Battery-Powered Systems
Terminals
Modems
Computers

descriptionfordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input evels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
S0Ic (D) T and resd MAX232DR
0°C to 70°C Tﬁ —
SOIC (D MAX2320 MAX232
OW) [ opeandresl | MACSIDWR
SOP (NS) | Tapeandrosl | MAXZ32NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX2321D
SOIC (D MAX232]
—40°C to 85°C ©) Tapeandroel | MAXZ32IDR
Tube MAXZ32IDW
SOIC (D MAXZ32]
oW Tape and reel MAXZ32IDWR

Tpmm.mmmmwm.wmmn.wmw
guidelines are avaltable at www.ti.com/sc/package.

Pleass be aware that an important notice conceming avallability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclalimers thereto appears at the end of this data sheet.

LINASIC is a trademark of Toxas Instruments.

PRODUCTION DATA imontaticn Is cared as dw [ )
Products canlons 10 apecificalions: per the s of Ingirumanty
siandierd wisTanty. Production procaming doss not necessally incinde
Igiing of off peremalnr.

Copyright © 2002, Texas Instruments incorporated
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MAX232, MAX232|

DUAL EiA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

logic diagram (positive logic)

TIIN

RI1OUT

"

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H

H L

H = high ievel, L = low
{evel

EACH RECENVER
INPUT | OUTPUT
RIN ROUT
L H

H L

10
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MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FESBRUARY 1989 — REVISED OCTOBER 2002

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)t

Input supply voliage range, Voo (seeNote 1) ... i s -0.3Vto6V
Positive output supply voltagerange, Vgs .. ......ooiii i Veg~-03Vie15V
Negative output supply voltage range, Vg ... ..ottt e -03Vto-15V
Input voltage range, Vi: Driver ..........coii ittt iiararaiaiaas -03VtoVpe+03V
REBCBIVEr ... .. iiritiaiieinnasettennrassenoroserasasarsnaanaaesnnnn 130V

Qutput voltage range, Viy: TIOUT, T20UT ..ot Vg ~-03VioVg, +03V
RIOUT, R20UT ... ittt it i rneenenes -03VioVee +03V

Short-circuit duration: TA10UT, T20UT ... ... it it ittt ittaaeee i enaaanaeenannn Unlimited
Package thermal impedance, Oy (seaNote 2): Dpackage ...........covivivnnenenenenennnn., T73°C/W
DWopackage .................oiimiiiiiaiannnn 57°C/wW

Npackage .......... i iiiinrrrnnrrrrnens 67°C/w

NSpackage .. .. .......c.ciiiiiiinnnnnnanannn 64°C/W

Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds .............cciviiemiinenrnnn. 260°C
Storage temperature range, Tgtg . ... vttt i =65°C to 150°C

T Stresses bayond those Tisted under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional aperation of the device at these or any ather conditions bayond those Indicated under "recommended aperating conditions” Is not
Implied. Exposure to absolute-maximum-rated conditions for extended perfods may affect device reltability.

NOTE 1: Al voltage vatuas are with respect to network ground teminal.

2. The package thermal impedance is calcutated In accordance with JESD 51-7.

recommended operating conditions

"MIN_NOM MAX| UNIT
Voo Supply vohtage 45 5 55| V
Vin High-level input voltage (T1IN,T2IN) 2 v
ViL Low-ieve! Input voltage (T1IN, T2IN) 08| v
R1IN, R2ZIN  Recsiver input volitage +30 v
] . MAX232 0 70
Ta Operating free-air temperature " T, Py C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature {unless othervﬂse noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TYPE max| unNIT
I s ot Voo =55V, Al outputs open,
cc upply cume: Tp = 25°C 8 10 mA

T AN typical values are at Vo = 5V and Ta = 25°C.
NOTE 3: Test conditions are C1-C4 = 1 uF at Vo =5V 105V,

@ TExAs
INSTRUMENTS
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MAX232, MAX232!
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047!~ FEBRUARY 1989 - REVISED OCTOBER 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT  mAX| uNIT
Vo High-evel output voltage T1I0UT, TZOUT |Ry =3 kQto GND 5 7 v
VoL  Low-evel output voltaged T1OUT, T20UT |Ry =3 kA to GND -7 =S| v
g Output resistance TI1OUT, T20UT | Vg+=Vg_=0, Vp=i12V 300 [¢]
1ng8  Short-circuit cutput current TIOUT, T20UT |vec=55V, V=0 10 mA
s Shortcircult input current T1IN, T2IN vi=0 200] pA
T AR typical values ame 8l Vg = 5V, Ta = 25°C.
1 The aigebraic convention, in which the least positive (most negative} value is designated minimum, ks used In this data sheet for logic voltage

levels only.
§ Not more than one output should be shorted at a time.
NOTE 3: Test conditions are C1-C4=1uFatVoc=5Vi05V

switching characteristics, Vo = 5 V, Ta = 25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT

. RL=3kQto 7 k2,
SR Driver slew rate See Fi 2 0] Vams
SR(Y) Driver transition region slew rate See Figure 3 3 Vs
Data rate One TOUT switching 120 kbit/s

ROTE 3: Test conditions are C1-C4 =1 yFatVoo =65V 205V.

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX] UNIT

VgH High-level output voltage R1CUT, R20UT |lpH=-1mA 3.5 v
VoL  Lowdevel output voltaget R1OUT, R20UT |lgp =3.2mA 04| v
VITs  pooonver positivo-going inpul R1IN, R2IN Voo =5V, Ta=25C 17 24| v
ViT— z"‘”l“'“l negative-gaing input R1IN, R2IN Ve =5V, Tp=25°C 08 12 v
Viys_Input hysteresis voltage RIIN, RZIN Voo =5V 02 05 1| v
n Receiver inpul resistance R1IN, R2IN Voo = 5. Ta = 25°C 3 5 7|
i CcC A

T Al typical values are at Voo = 5V, T = 25°C.

*hnalgebraicoonverﬂim,hm&mﬂnmmﬂve(mm)mh@sﬂm&dnﬂm,bwﬁhmmmhb@m
lavels only.

NOTE 3: Tost conditions are C1-C4 =1 pF atVee =5V 105V,

switching characteristics, Vo =5V, Ta = 25°C (see Note 3 and Figure 1)

PARAMETER TYF| UNIT
tpLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHLR) Receiver propagation delay time, high- to low-level oulput 500 ns
NOTE 3: Test conditions are C1-C4 = 1uFat Ve =5V 05V

_ ]
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MAX232, MAX232|
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047! - FEBRUARY 1889 - REVISED OCTOBER 2002
]

PARAMETER MEASUREMENT INFORMATION

Output 15V 1.5V

WAVEFORMS
NOTES: A. The pulse generator has the following characteristics: Zy = 50 0, duty cyda < 50%.

B. € includes probe and Jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circult and Waveforms for tpy; and tp 4 Measurements

@ TEXAS
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MAX232, MAX232|
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS047] - FEBRUARY 1989 —~ REVISED OCTCBER 2002

PARAMETER MEASUREMENT INFORMATION

- T1IN or T2IN TIOUT or T20UT
Generator EIA-232 Output
(seo Note A) _T_
R CL=10pF
I (see Note B)
TEST CIRCUIT )
<t0ns —-} le— —al llq—swm
| e v
LA 9% 9o%
SN N
:-—-—- S5us ——»
trHL —h—si I || PLH
X’:"‘ I 90% Vo
Output I\ 10% 10% F |
1] - VoL
tTHL e _.l [+ tnH
08 (Vo= Vo) 08 (Vg - Vo)
SR = tnn l i
WAVEFORMS

NOTES: A The pulsa generator has the following charecteristics: Zoy = 50 [, duty cyde < 50%.
B. Cy Includes probe and jig capacltance.

Figure 2. Driver Test Circuit and Waveforms for tpy_ and tp y Measurements (515 Input)

Pulse

(meﬂ' 'e'n olnamA) D‘: % _T_ ElA-232 Output
Ik T CL
TEST CIRCUIT )

=25nF

stons —»l be— —l :l—s‘lom
i

80%  00%
10% 7 15V 15V R o

nput

NOTEA:  The pulse generator has the following characteristics: Zgy = 50 £, duly cyde < 50%.
Figure 3. Test Circuit and Waveforms for tyy. and ty y Measurements (20-us Input)
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MAX232, MAX232i

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1888 - REVISED OCTOBER. 2002

APPLICATION INFORMATION

cat 1
_zlE -
"> 85V

46\]0’—»-3.5\:
ca 1

+:|_::"F

¥ 514232 Output

™ 7 18232 Output

13

T |—e—— BEA232 Input

I —e— BEA-232npnt

7 3V
+]
Cavpass =1uF
15
h [
1 Ci+ o
i e
C1 S 1yF 3 Vg4
o [ B
Vs.
L -
c2 10F g c2+
 Bacllauli S C2—
{ 11 S
From CMOS or TTL
10 >
12 _~
To CMOS or TTL
«—2
ov
15
GND

T C3 can be connected to Vo or GND.

Figure 4. Typical Operating Circuit
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidianies (Tl) reserve the right to make comections, medificafions,
enhancaments, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Custormers should obtain the latest relevant information before placing
orders and should verify that such information is curment and complate, All products are sold subjectto Tl's terms
and conditions of sale supplied at the time of order ackrnowledgment.

Tl wamrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with T1's standard warmanty. Testing and other quality control technlques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarlly performed.

Tl assumes no liability for applications assistance or custorner product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

T| does not warrant or represent that any license, either express or implied, is granted under any T! patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
inwhich Tl products or services are used. Information published by Tl regarding third—party products or servicas
daes not constitule a license from TI to use such products or services or a warrenty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Ti under the patents or other intellectual propsrty of T1.

Reproduction of information in T data books or data sheets is permissible only if reproduction is without
alteration and is accompanled by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered decumentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that

product or service voids all express and any implied wamanties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright ® 2002, Texes Instruments Incorporeted
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