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Abstract

This project is about service vehicle monitoring systemn that is an application of GPS
system by using the knowledge of Positioning system, Microcontroller, Mobile phone network
transceiver, Map display and Database System to manage the service vehicle monitoring system.
We use a GPS receiver, Mobile phone and MCS-51 to eontrol all components in the system. All

collected data are calculated on a computer and displayed the location on a map.
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2.6.6 Correcting Errors
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2.6.7 MIAAMANWAANAIAA T DGPS (Differential GPS)
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a 1] - q' & 3
AN 1 llﬂﬂ@ﬁlﬂ?lﬂﬂﬂﬂﬂ‘lﬂﬂﬂﬂﬂilﬂo'li DGPS

GPS ERROR SOURCES
TYPICAL| DGPS (CODE)
ERROR RANGE | RANGE ERROR
SOURCE ERROR <100 KM REF-
REMOTE
SV CLOCK 1M
SV EPHEMERIS 1M
SELECTIVE AVAILABILITY  10M
TROPOSPHERE 1M
IONOSPHERE 10 M
PSEUDO-RANGE NOISE 1M 1M
RECEIVER NOISE 1M 1M
MU TTPATH NSM 0.5 M
RMS ERROR 15M 1.6 M
FRROR * PDOP=4 60M 6M

PDOP=Position Dilution of Precision (3-D) 4.0 is typical
2.6.8 SPS and PPS

SPS
™ - Sy Yo 9 o ‘el Y o e & ' f
Aeusmsnlinudly gps naq Tl Tavlifidodiialaqgviedu udvzgnanaianu
1 3 Qs & a ~
pnnosvBadygnunalay SA Fauil19AN 19049 Department of Defense 404 ANSgoIITN
»
AAIWRANAIAUDS SPS 1Tlusad]
1. AATIUHANAIAATULUIUDULYING 100 LUAT
»
2. AMATIURANDIAA INLUIAUNINY 156 1UAT

3. AN THHANAIAMNIAUNIND 340 Nanoseconds

PPS
- = 4:; at = [ o = yd'
ﬂ‘EI‘U‘jﬂ’l‘j‘lﬂ1mﬁﬁLﬁw1$ﬂ1~1ﬂ’]§ﬂﬁ’lﬂmﬁﬁﬁ5iﬂmiﬂ'l AWNUHYDITIUIA HIORN

»
Tasumseyananniguavssanigomsnuniiv
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. Ed
MANURANA 19D PPS 1 ud Tl
1. AAIURANAIWATULUIUDUYIINY 22 1URT
v
2. AN DUAANDIANIVLUIAUNINY 27.7 (LAS

3. MPIWAANAINAIIA VIR 200 Nanoseconds
2.7 nANNIHINHYBIIZVY GPS luisainanysy
2.7.1 GPS Signals
Ty GPS gnasludyanammsidiudyaluinsod 2 aowd 1ud
1. dygw L1 finwd 1,575.42 MHz Fariw Teynu19e SPS 1A navigation message .

2. dyanm L2 Iaud 1,227.60 MHz sevivwidyans PPS uag 19 1uamua delay 7

[] »
(A0 INTUVSTOIMIA lonosphere

Troldsosdaanunianunhetszuim | —2 GHz

U

The Codes 1114 1811w 3 Uszinn 1éun

1.) The C/A-code (coarse/acquisition code) 1 pseudorandom noise (PRN) code 2 code
Fuandafu TasaufionszuennuLANE1IEI PRN number Y0ABZ4 C/A-code iy
YAVOUAVTINADITINIU 1,023 bits (1 milliseconds) H30I30AT1 chips UATIZAIAIWEAT
1.023 2 ufinde3u1R wiechip duration = 1 microsecond UARAE chip sxdalalfunduwime il
Tuesmadleniuduas sawisawdeon duraton IWeglumisvosszeemalfTasgasy
ANUEY #4 1 microsecond A9z 181/573101 300 meters FIAABANULIINAUUDY C/A-code

WY

@ o

C/A-code MR modulate Fynnm L1 Idfludoyain basis Alddwmiudyara sps

2.) The P-code (precision code) 111 PRN code Hilinnuenndum i ldfinou

L ~ 4 = A ' A
gnABIgY NANIHB P-code TANNEIINAUIRGS 30 meters Fun1fi 1 114 10 409 C/A-code

9

W
@ o & A

AaruTad) chip rate guilu 10 W1909 C/A-code M30 10.23 Srudinde udl hldyaues p-

code finnuonanndul (u drde 266 Ju Avaaluilszune 2.35 x 10" chips) 39'ai
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] 94 [=1 ' < o ] ar n' . ] :{ ar
aunsadatd aadbuuwazastagnsmuatin WnduanGududedm lufssduveaiu
o = ar o = Y o 3 o ¥
1@15/279a8 N9 1 TUAIH P-code TMINN modulate Hadgygn L1 waz L2 nazldiiu

eyayIB basis VDA YY1 PPS

= o 1 . 4 o
3.) The Y-code tNAINNTZUIUNTINITONIT AS (Anti-spoofing) FI11 190 Department

]
=

of Defense ¥03am3gom3n1 (flun1s1i P-code 1)11m13 encrypt Tnsmssi s aufudoya

o3 Y =] o o
iWunNudY 3 W-code uaz Y-code 95qn1filudayane basis voadayanos PPS

L1 CARRIER 1575.42 MHz

ARV L1 SIGNAL

/A CODE 1.023MHz

JUTULANRARDM1F Mixar

NAV/SYSTEM DATA 50 Hz ®

M : @ Modulo 2 Sum

P-CODE 10.23 MHz

UL TELT i z{_/-’r!-\

L2 CARRIER 1227.6 MHz

WA, - - - -—fz@-——) L2 SIGNAL
GPS SATELLITE SIGNALS

317 11 GPS satellite signals

2.7.2 GPS data (GPS Navigation Message)

= a =2 ] A 1
GPS navigation message U5¢nou 1A 20d0yalia time-tagged NutarmsdanuImINiany

, - 2 - _
subframe 1215 lumsdalasaaiion (sv) Feludeyaiia 1 frame UsznavTudae 1500 bits

uaziseomilu 5 subframes (1 subframe = 300 bits) 90YAUARE frame 22QATIYNT 30 U

T oar 1 = ~ 1 9 kY :{ :; at
MU subframe a2 6 3 latusas subframe vz1)53nou A r0doyafihorfiuelnes
=y 9t [ q‘ | as c{ 9 -:i LY
uaguin deyavesuiwnifgndsezgndaTliy subframe 11 1 nazdoyaifoaiuielnese:
] & a' ' & L d‘ :: @ d;
and el subframe # 2 1Az 3 @74 subframe 4 oz 5 sxdedoyanediuszuudug i
H = n‘: b4
1384 navigation message ﬂﬁll‘l,}'iﬂ%ﬁﬂﬂ‘ﬁ frame NIWUA 25 frames (125 subframes) 1Ay 1¥

nalunsds 12,5 un

' q’; =) . . A b o
uumpag subframe WU 92 parity bits ma“l.%"lumsmnﬂamagmmzmmmﬁ%

¥ L b3 .
ﬂlﬂyﬂiﬂﬂﬂﬂm (error correction)

o
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PR _ R .
SUBFRAME | oNE SUBFRAME = 300 BITS, 6 SECONDS —
1 TLM | HOW | SV CLOCK CORRECTION DATA | 1
ONE
2 TLM | HOW | SV EPHEMERIS DATA (I) DATA
3 TLM | HOW | SV EPHEMERIS DATA (If) FRAME
25 PAGES OF SUBFRAME 4 AND 5 = 12.5 MINUTES
4 TLM | HOW | OTHER DATA (IONO, UTC, ETC) | 1500 BITS,
e pr e 30 SECONDS
5 TLM | HOW | ALMANAC DATA FOR ALL SVS )L

k— ONE WORD = 30 BITS, 24 DATA, 6 PARITY —J

TLM

TELEMETRY woRp | 8-BIT PREAMBLE DATA PARITY
HOW - . . —

HANDOVER WORD 17-BIT TIME OF WEEK DATA | PARITY

GPS NAVIGATION DATA FORMAT

P HDANA 10/92
-

g'ﬂﬁ 12 GPS Navigation Message

ar o ar o o Qs 1
#2113 Clock data 1985118 SV clock HazANMUFURUTUDA SV clock AUIAR
Teyey oM
- . = ] o’: =3 a ¥
#1113 Ephemeris data 191un1505 01092989 ve99 Tnvsunaarudioy Tavdnauds
1959951 GPS 9251 ephemeris data Iniinng ¥ 1ue uamwsaidoyaim @eundalil1a 4
& T z 1 = Eg
%2 119) 1119 1na 14 Tnodeyariuszdos lumuiia error A
o 3 o ' A a o Y ) o '
Almanacs futhilszunasdulinnerdiudeyavesislnes doyangnilssunmai
q’.: v A A o ] SX o ' - ar P
ozarn vin5aesy e 19 unsdszanad v suazaud Doppler vaadyauwIHe (Ao
AMuaA shift IWieseinoasinisuasuuaslusavesms Tnesvesarahon) vesaiafiou
UAAZAI

4 s = J u‘.: v Qr .
P03 aNAUYIUVDIAVANUUADLAI19LYNAIA T BUAL Tonospheric model A4

o
r

] [ ¥ ]
wioasy iWo 19 un1silszumun phase delay indgyaam Tl luguus somanyne

AWHUDBEIIN
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GPS time 1919119 INANNALUUADLAI QA offset 1AY Universal Coordinated Time a0

] ) »
Ansessurzdnadeanilu UTC fin 100 nanoseconds

2.73 n3fudggnaeuniesiu GPS

Gy . . . y o o o

1475 Code phase tracking (navigation) 193835 Uz as U usaBIvDsdRyq IRl C/A

uag P-code UAzT319%A C/A code diumuiivuusazaas Taoawiz Tuguves /A code
& v A e ar ~ 3 wﬂ; o [ [y Ly .
generator 1UA3 095 UNNUATLIEINTIAY code TV 145 uav3eq udasraunso ¥ shift
register U wld
L] o J - . M

C/A code generator 933 19yAYa30A 199 AU 1023 chips 1u shift register $oyase

QA shift A28 slewing the clock AlFAIURW shift register Tuglh 13 159888M3 chip code A

pRNWINALN TNTHUIDY

G1 Shift Regisier = 1 +X* +X*° ® = Exclusive Or
@ G1 and G2 Initial Staie = all omes
1 Code
112 |3 4] 51617181910

Code i

Fpoch

Shift
Control G2 Shift Register = I+XH XXM+

pod ®—b C/A Code Chips

12 |3falslslr]s]o]0

PRN Code™ ~ ‘Ok * Phase T’Pl
(Taps 3 & 8 = PRN 31) G2 Code

GPS C/A Code Generator

Peter H. Dana 112506

317 13 GPS C/A Code Generator

y &
C/A code generator ﬁ]:f’fﬂ‘i’fﬂgﬁﬂﬂﬂm 1023 chip PRN code %)) 1 millisecond 43 PRN

le -] =i L] A ﬂg ar 5
code Tu 198 1mun A1 RBNLARZ A NINIA 32 code Aduaasluas1eh 2



A13197 2 uaRd PRN code Y0921 ABMNARZ A9
GPS C/IA Code Assignments

sv G2 Phase | First 10 Chips

PRHNID Taps

1 2&6 11001 00000
2 3&7 1110010000
3 458 1111001000
4 5&9 1111100100
5 1&9 1001011011
6 2&10 1100104101
[ 1&8 1001011001
8 2819 1100101100
9 3&10 1110010110
10 2&13 11010001100
11 384 1110100910
12 586 1114101000
13 6&7T 1111110100
14 7&8 1111111010
15 8&9 1111111101
16 9&10 1111111110
17 1&4 1001101110
18 2&5 1100110111
19 3&6 1110811011
20 487 1111001101
M1 5&8 1111100110
22 6&9 1111110811
23 1&3 1000410611
24 4&6 11110009110
25 5&7 1111180011
26 6&8 1111110001
27 7i&9 1111111000
28 8&10 1111111100
29 1&6 1001910111
30 2&7 11001010611
Ex 3I&8 1110010101
32 4&9 1111001010

MnToesuEiing Copy dyanaliiSeoqudniwmlSoudousi PRN code

IUNTENI A code MHToUAY (correlation) ﬁd;ﬂﬁ 14

=

S C/A Code Chips

STl

—§ —HEoaon

(Rows = PRN Signal I\iumr-hvt-)“ers

1-32)"

Prins H, Dana OFOCD

717 14 Foygnarfiindestuiims Copy i hinSouidiouify PRN code

27
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LA A AL —>-
UL LA Lm —>=

31 15 manfFuufiounts Correlate fuvesdggna 2 Fgyanm

101111000110011010011100011100010111100011001102001110001 11000

UL L U

A Shoit Repeating PRN Code Sample

71N 16 A20019%83 PRN code

1011110001100 116200 LARULOXITO0CI0! 1 110001200110100111000111000

No Comrelation with 2 Different PRN Code

1 17 Fgapaithi Correlate

100001008 4 + BE2IUDHEUNLL OB OENT AN 30N ¢ 1000110111010

LU LT |

Partlal Correlation of Identfcal Receiver and Satellite PRN Codes

3111 18 7M131iA Correlation AMUU198IU UI138IUYBA signal power flazgn detect

10000100 .)i‘."u'llilOﬂGilﬂ]llﬁ!ﬂlﬁmﬂﬁlﬂ@lﬂllﬂﬂl?!16000110111010

Full Correlation (Code-Phase Lock) of Recelver and Satellite PRN Codes

j‘l]ﬁ 19 Complete correlation
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4 = o & as .
tiefia Correlation auyy501147 FygIunIvsIzuun0nNINTYY I UaTsignal power
» » '
VIaMun9zQn detect 13095y GPS 9214 signal power fign detect 11 correlated signal W1¥a C/A
code Tun5095AW code N maruioy TavlnAud 1914 code NINAIITOL

WSouREUnY C/A code tNB1AIAANTS correlate TLNTIEH

Amtemne Pater H, Duna 772095

Dota Bit Alignment
Miner Hawigstion Kessape Dota Parity

) Dats Bt
Presmpilier Demodulation —* Dats Decoding
and Down Converter and Position,
Coda Cortrol Soteflite Positions Velochy,

and Time
Pzeudo-Range —'

Corrections

CACod |C/ACode ""“'“‘“"""l' Pseuda-Ranges
Genew aior

Receiver Position,
f Velocity,
and
Clock Time Messurement

> Time Campruiations

Simplified GPS Recelver Block Diagram

; 4 o
317 20 uaAa Block Diagram ¥84IA30I5D GPS

»
Phase Locked Loop @115 lock 1éva positive LLB¥ negative half-cycle (‘H?EILS a7 bi-
4 w . . LS
phase locked loop) #91%1un15 demodulate Y 50 Hz navigation message DTNTEYY I
Wingvasdwe I GPS 11 loop Aniloufumnsoianinnudvesndunive (Doppler

L. . . _
Frequency) uaz 1 lunminusmnmsuldeunalasunelFlunsarungu oscillator

Peter H. Dena 7/29/85
50 Hz Data B Streom

Nawvigation Messapge
GPS Carrier Low Pass Filter i (in-Phase) I | a2 |2
gz'm“f;';ﬂ'-" Bi-Phase 12+ Q"¢ = Signal Power
90° | Oscitator Lock Loop + 70 C/A Code Control ¥
] Fiter (maximum signal power

indicates code correlation)

. A2 _— 2

Low Pass Filter o peop iy * Q

GPS Data Bit Demodulation and C/A Code Control Block Diagram

31."?] 21 @3 Block Diagram ¥84n13 demodulation
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P N o ar o 1 P t
01 1511 Correlation fuvnsdua AAe nameunouldlunsds PRN code il

L

»
=

I 1 » " )
MN5993U (Time of arrival or TOA) IMitee TFudusunfinTeasy GPS 5031 pseudo-

range
2.7.4 Pseudo-Range Navigation

o [} 4 Y o o [} { '
AUMUUNTDITU GPS NAD AUNUIN pseudo- range INATANVULUAALA interseet

: The GFS Navigation Solution S
‘The estimated ranges 1o each satellite inersect within a small region when the recetver clock hias 18 | -
correcily estimated and added o rach measured relative range. e

T B H DanaSHONS,

4 L] 4 A ar
71 22 uraam3Iia Intersection AidhvHeveunsessy GPS

»
AWHUIVDIAANGUIZYARTUIUIN pseudo-range VBIATUNYVTII 4 WIANLAL

Y930 ephemeris dIuAmMUIvaunIo S VA IITOR I IR INAumdave s fien uay

»
pseudo-range UNAIDOIIMIUAAINIAMUINMIAWNUL TAdeae 11l




Earth Centered, Earth Fixed X, Y, Z

P H Do W1T4

jﬂﬁ 23 ugd Coordinate 1'h1’l'lu example

GPS Preudomnge Navigation Example - Peter H. Dana - 4/24/G0
Eatellite (BY) coodinates in ECEF XYZ from Ephemers Paiameterms and BY Time

S‘-’xo :=15524411.173 SVyD '=-166549826.722 SV:D ©=13513272.387 8V 15
SV:(1 1=-2304058.534 S\-‘y1 ‘= -23287906.465 5\"11 '=11917038.105 5V 27
SV12 \=16880243.357 SVy2 1= - 3069625.561 SV:2 1= 20378551.047 BV 31
S\-‘x3 =-1479993 .395 S‘\I‘Jr3 = -2 d25358.24 S\-‘r:3 ‘= 6069947, 224 BV7

Safa[ite Peeudowanges in maters fiom C/A code epochs in miimeconds)

P, =83491.971 P, 1=133930.500 P, !=283098.754 P_ =205361.742Range + Receiver Clock Bize

u} 1 2 3
Receiver Position Estimate in ECEF XvZ
Rx 1=-730000 Ry ‘= - 5440000 Rz := 3230000
For Each of 4 BVe i=0..3
Ranges from Receier Potition Estimate 1o 5Ve () and Anay of Otwarned - Predicled Ranges
R ::J(vai - Rx)z + (svy, - Ry)2+ (svz - Rz)z L, 1= mod (R.I).299792.458]— P
Compule Dirctional Derivathes for XYZ and Time
SV!i — SVyi - Ry S\-‘ri - Rz
Dli ::_.._R_ Dyi I:—R_ [)1' Z:__R_ Dt'::_1
i i ]
Bole for Camection o Receivei Position Estimate
DID DYD DIU Dto ~3186.436
_|Px By Dz DY A )-" T ~3791.932
A= dR =\A A AL dR =
012 Dy2 022 Dl2 1193.286

12345 997
Dx; Dy; Dzy Db,

Apply Correctone to Receiver XYZ and Campute Receiver Clock Bize Estimata

Rx I=Rx+dRU Ry =Ry + dFl1 Fl.zi=Rz+dR2 Time Z=dR3
Ry = —5443791.932

Rx = —733186.496 Rz = 3231193.286 Time = 12345.997

31
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s ¥
2.8 HapMITVa9 SMS
. - ¥ a L4 q’: 1Y Y- -]
SMS: Short Message Service f11) M3 Inusmsdsdonnudaulids Insemwiiiofouuy
Avmen TaoudazdennuamisnussyiisnysIdgega 160 Mdnus (F8nysn1dengy)
Wonndidaeusadatennu1Ufn5ee Fax, PC ¥50 Internet address 1dBnane
szun SMS luszuumsSetw InsAnniede 50950 lnosz 1y GSM (Global System for
Mobile Communication), TDMA (Time Division Multiple Access) $48% CDMA (Code Division
Multiple Access)
A ' o T - A 4 v - ) -
119 SMS gnaann InsAwniiofiomsaaniis Yea1unuezgneali# shot Message
o’: [} o L7 4 ar s é
Service Center (SMSC) :ntiudarzdalidaInsAnnietomiassudnneanil laed
]
NIEVIUNMTAIN

1. SMSC 92843 SMS Request 1161 Home location register (HLR) sHOY 1R MM 39049

e
=

ar d

2. 11 HLR 185 udyey1o1 Request Nozdaaniuzynif5y (subscriber’s status) NAUL
{19 SMSC 1
1.) #¥0MZYDAUAT D95 Inactive B30 Active

2.) AN UIVDUAT DITD

STD

71l 24 niinmi-da sms

2w ; 3 g 3 3 1 &
renuzununsoaf iy Inactive 433 SMSC szifudonnu 1asnivile uag
: a q w o . ] . . ar d
o lafinTaesulian Uz Active 1133 HLR 22d9 SMS Notification 11/63 SMSC itag SMSC 1
¥ >
vzapuiudonutiu1d viniusMsc vedswimdoanululugUuuy Short Message Delivery

Point-to-Point 1Jfaszunnins TaoszuuvzyinisSon luduniessu uazdunsossuiing
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ar ar 4 1 s as [ ]

apusundum deanunzgndininy uaz sMSC szldSumsasuiutudud dennuldgn
o = g4 9} as o’: 9 a1 ﬁ ] L]
‘i‘]JTﬂU‘lJ?I'IU'V]'NLSU‘USBULLﬂ’J HadNUUUANUIENADUSILY SENT uazﬁ]z'lngﬂmaﬂ

ﬂ’l'j';"“]J’cfd‘I’J’mJ"ﬁ SMS 3 2 Tvium fi. Text Mode 1182 PDU Mode (Protocol Description

L4 ]
R L ar o L] at ¥

Unit Mode) Myaadaya Text Mode tiuaziflumsiiidennuiidesnmisdaudsianey uda

Aowdsdoyalu PDU Mode

2.83.1 PDUMODE

PDU: Protocol Description Unit i gﬂsmmmi’fauﬂaﬁiﬁum'm'aﬂﬁ'ammgu Fufin
nnansihdeyarineauudhsimielFlumsdsdoyan Air Interface Tavmsuuasaed
oya SMS luuy PDU MODE wiidauilsznouuas Tnssadieiuanaiaiu

PDU CODE doyn SMS ﬁagj“lu PDU MODE 1/52naudae (avg11 10 uaziougiu

16 Tausunuuanasgisond Octet

MR (?;ii
FOU- coding?
tyce ' F'IDI
0011 0007|8 214365F 0000Aﬁ0 E8329BFD06
A | len fhowr days) LD {heli™ i 7 bl
type of | Desunation Adress: Jetaut alphabet)
Pumber’ (Phone-humbser 1234557}
|ien| | SCA (431710750000 W"| lem coding)

079194710167000011000781214365F700F6AA0568656CE6C6F

| Desiination Adress: I UD Chells” in 8 hit
hpecr| (124D - ASCIl formiat)

{four days)

zil'ﬁ 25 deyalu sMs lugluuy PDUMODE

2.8.2 M37UUDYD SMS

Y SN wer ¥ ¥ i
‘Uﬂi,l“ﬂ‘ﬂ'lﬂ'iUﬂzﬂﬁzﬂﬂﬂﬁlﬂﬂﬂiﬁlaﬂﬂﬁﬂﬂ\‘!, VDU SMS Service Center (SMSC), Time Stamp

A ' [ & '
HAzauUq ﬂ’lﬂﬁlﬂ'ﬂ?umﬂdﬁ.lﬂﬂ'nu‘ﬁﬂ ﬂzag‘ﬂ’lﬂqﬂ
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06916681118088040A9166295026800000403021219434820AE8329BFD4697TDYECC37

ANUMRILUBIINA sMs 71 1951 Tunaaz ocet w5e ngy octet 1y Tilamarsia dail

-
~

NQUARY 8 1A (Octet) swazivyn
06 AUEIVDY SMSC Information 6 Octet
9 5UHUVYDABYMNIY SMSC 91 HIWHY BYHVIBUVLTING

66 81 11 80 88

é o d:
INUHUIW SMSC mwm‘ﬂumﬁugmlo @6 nibble TuNTHN

JDUHHIE953V84 Service Center A0 +6618110888

04 First octet of these SMS-DELIVER messages
0A ANVYIIVOADUNNIBAT (OA hex = 10 )
91 JUBUVYBIRIMINGATS 91 MuTUTUVHINUUDVAING
66 29 50 26 80 wanuodda Wuavgin 10 adi Nibble lunsdifimuminesia
YD IFHIfD +6692056208
00 TP-PID. {Protocol identifier)
00 TP-DCS (Data coding scheme) 00 10 1975 ardioa 1y 11U 7 bits

Default Alphabet

403021219434 82

TP-SCTS. 4038 Time stamp @81 nibble

0A TP-UDL. User data length §1142ud WnvTvedenw Aasly
iAo 10 67
1E8329BFD4697D9ECC37 | TP-UD. 98NN "hellohello” NN HaAUUUAISAYS 7 bits

] o ] : = r & Q [
Tuauuee TP-UD (User Data) Afe gauveadonnudud 1asuiwes amsunis

faasEvznaIlnalunIensa
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2.8.3 mdetioya SMS

+
=

Joyaideszdsznaudls deyaves SMSC, nuru@vdsy, 598 MUAIGUDY

v & Y ) v ¥ o
VDAY, AT DU :Ij@W‘IU@]"JU‘UE)H'CW114?1'31—”]5\3‘“@?]3‘]1]1314

fiaeehy

0011000A9166295026800000AA0AES329EFD4697DIEC37

»
AUMIIEveIsHa SMS Tunaag ocet 3o nQU octet ilu Tilmumisne Fail

nguiaay 8 Gn (Octer)

-
Nuaziosn

00 A7TUYIIVDY SMSC information "00"  nunedis 141
ad 1 -
SMSC Information FinBgn1011INT 04
1] First octet of the SMS-SUBMIT message
A ¥y A & S
00 TP-Message-Reference "00" A1 1HIATDIRINIUNUQUD 19D
Y £
VOAMIUUULDY
0A Address-Length. AWE1v00vHu10A5Yy  (1079)
91 Type-of-Address. (91 indicates international format of the phone

number)

66 29 50 26 80

@ o o P -
M1o1av TN Aol (LUY semi octets) M TBI@UNLNDT

fio
"+66092056208"

00 TP-PID. (Protocol identifier) L'ld]‘Ll 00

00 TP-DCS. (Data coding scheme) 11114 00

AA TP-Validity-Period "AA” 1009 $29281MUADIYUDIVEAIY
4 5u awlugrnmil & dslufadanisdonnuezgn
onian lauda Tugdia

0A TP-User-Data-Length, $1uauiIdnusvasdonnudids (10 &)

E8329BFD4697D9EC37 | TP-User-Data iiudioyaludiuvesdoniu ddnusuvy 7 da

"
hellohello"
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Char h e | | h e 1 1 o
7hits{Dec) 104 101 108 108 111 104 101 108 108 111
its{Bi 1103100 | 1101100 | 1101111
7bits{Bin) 1]\01000 110(‘)101/ 11({110(& 1191109 ll\()lll/l 1101090 [\1001/01 110 1 0 ! 1111
- » - A h
8bits(Bin) | 11101000 | 00110010 | 10011011 | 11111101 | 01000110 | 10010111 | 11011001 11101100 | 110111
8bits(Hex} E8 32 9B FD 46 97 D9 EC 37

7126 Medanoaimsulaiadnys

2.8.4 NIDOATHAAIONYINHA 7 TR

] » H
Tudvesdoyafdudenrmdu lunsdifidudsnusnnsangy Snysunazen

145vqu11a 7 Tn (7 bits default alphabet) tazdmiusnusnudue 11988y saiinauy

195

» » W
8 1 M50 16 Un ﬁmsmﬁ'mmﬁumm‘lmuu I%ﬁﬁ’ﬁﬂ?ﬂﬂﬂilmu UNICODE lufilisnng

» » ¥ ¥
nanfntsoeasiatennudu muisanguviniulaviiduasumsosasyia g9i

»
o L o é =1
1.) %1 PDU CODE luauvesdenawdu (TP-UD) Fuiuinugu 16 milouiuas

§1U 2 Ing Octet

2.) AIBNHINIANRIINTAN 0 19 6 UDI Octet TN AISAHITANUARIINTTAT 0 T3 5

VD4 Octet 11 2 uazi 1D 7 104 Octet N 1 MIARDNIW FI8nHsHA 1URAINTAT 0 B9 4 Va4

H ] ] » )
Octet 3 uaziidiah 7 uag 6 409 Octet 1 2 1ABTIE Huwuil liSeeq

3.) 1sHadInYs 7 D vindoass huiiad 8 a1o 0 1thlddeusuaisieswa

ASCII T1)5un 53 Microcontroller MNuI¥09RUM0RASH A PDU 11y ASCIT 14uaasl3n

MAHUIN
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2.9 AT-COMMAND

o o i [N v 4 [ PP 1
AT-COMMAND fi® gaf1du1nsgu ieuso ldaaredomsnuglniaidomsa

1 ¥ 3

T o N . 1Y o 1 o
199 194 Tuidy w30 g1lnsal DTE (Data Terminal Equipment) tiio IAreudasms od s
e ] 3,' ¥ oa a 9 o s - Toar @ ar oA A 9 ] & A
asolvaniy Idhauauhdesms uasdmiumsaaneny Insdnniiotess ldgasias #

(50191 GSM AT COMMAND

faedn Mdeiiiu BASIC AT COMMAND

= 1 e o
AT asdmouAUN ouveIglnIm ieunsofaaeruld gUnsalvzeey

AN OK

ATDT phone number | s Tldaaunuioiaron1a (Phone number)

ATH 198

ATA U

2.9.1 AT COMMAND #faveafiunisiu-aa SMS

s o = o w : ' T o o
4AMds AT COMMAND W 191iv Insdwidedo 1alunnue iesnmsemiuInsfnside

oy
of =4 =

] ¥ [
019, 9399T0USTAULLAIADS, ATNEDUI AU Y IM ualuRTitsnanaufivemdsiineates
¥
AUMISU-29 SMS (MY
1) Message Format (AT+CMGF) dlusdasmuagiuuuvesfenufiaz 1duaas
penAN 1Ay
=) 3
AT+CMGF = 1 fie uaasdaanulugaluon TEXT
AT+CMGF = 0 fis uaaevonulusiuuy pDU CODE

2) List Message (AT+CMGL) usmdsi I uansdonnuiuaniuzaisg Tavezudas

» » > »
VoA MU IR UR LS § 3Tl
r- b d' 7] 1 3 W
AT+CMGL=0 fip uaasdonnui Insuuadalsildo 1w ("REC UNREAD")
AT+CMGL=1 fio uansdonnuh 1dTuuaze1udq ("REC READ")
AT+CMGL=2 fio uerasdonnudify uaz6: 1y 1dde ("STO UNSENT™)
AT+CMGL=3 fie uaasdonnuiiiuSuazdeenn luuda ("STO SENT")

»
AT+CMGL=4 fip UaAIY0AMUNIMUA ("ALL")
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o Y = '
MUNBING MINAINUA Message Format 11U PDU CODE sxavafionaniuy laolddnay 0 fe 4 ua

a ﬂ Iy A Vo 4 o ﬁ’ a
HINATHUA Message Format (11 Text zapunendniuz lnoldaionushiududunds

Rl UrEAr

File Edk Yiew Cal Teansfer Help

14

atdt “+6697607967™
NO CARRIER
at+csms=0

+CSMS: 1,1.1

at+cmgf=0
0K

attcmgl=1

+CNGL: 1,1,,158
069166611301400409D0C8301COE07G008601122415435828C0E420E 1 ROE230E430E2B0E210E4800
220B410EZEOE1BOE1BOE350E490E 1 70E310E490E070E270E31OE1S0E1 70E310E490E070E040E370E
18002200200E190E320E 1 70E350E250E 300031 0E1 AOE320E 1 706020003200340E0A0E31 0E480E270E

010E140035

+CHGL: 2.1,,158

069166611301608409D0C8201494050019602122326104828C0E420E1 70E23003C00310E190E320E
170E3500200E410E190E300E190E330E420E1 BOE2300220B040E380E220E2A0E 31 0E490E190E020F
2Z20E310E190E420E1 70EZ300220F 190E320E 1 70E 350E41 0E230E01 00310E1 A0OZEOE 150E480E2D0E
gtllggigggézgﬂESZOBl TOE3L0E250E3000320E 14002E00200EA20E1 70E23002 40031 0030003000330E

0K

420E210E0700200E2ADEZ1 0E310E040E230E420E1 70E23002400310030003000330E01 0E1400320E

TS T — = T T ———

Connected 0:07:32 futo detect 19200 8-W-1 HUM

o .
110 27 MehamiFanug s LIST Yenrmily STO SENT

3) Read Message (AT+CMGR) 1Huddanldamdonnuiimnizizesld Ty

o VS o g
ﬂ’]u'ﬂu\iﬂﬂlﬂﬂqﬂlnuugﬂlnuq?
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Fie Edt View Cal Transfer Help

(T T )|

at

OK
at+cmef=1
ERROR
atcagf=0
ERROR

at

(1) 4
att+cngf=0
0K

at+cmer=2

+CHGR: 1.,158
069166611301608409D068201494060019602122326104828C0E420E 1 70E23003C00310E190E320F
170E3500200E410E190E300E 190E330E420E1 BOE2300220E040E380E220E2A0E 31 0E490E19CE020E
220E310E190E420E170E2300220E190E320E1 70E350E410E230E0100310E1 A002E0E1 50E480E2D0E
440E1BOE19CE320E1 70E350E250E3000320E 1 A002E00200E420E 1 70E2300240031 06030003000330E
010E140032

Ok
attcmgr=3
+CNGR: 0,.0 ‘

0K

=T e F T
Connected 0:15:02 Auta datect 19200 8-M-1 LT =

31 28 Areshamssmdenam

4) Set the Message center number (AT+CSCA="XXX") luddsiildszymnvay
Y94 SMSC oezinsds sMs aelyl1d
5) Send Message (AT+CMGS="YYY") flufdsildfszavninetaromsd

doanisae sms 114
2,10 SERIAL COMMUNICATION

Serial Communication fiv M35V-dadayassneginseiruaodyais Taods
rudoyaliiazdedoiioatu w18y 2 oy fe
1. Synchronous ﬁﬂ'liﬂ'dﬁ’iyﬂol'lm clock 'lﬂw%'ﬁmﬁn%y,ﬂ

2. Asynchronous hiﬁm'ifhﬁ’tyiy'lm clock 'lﬂﬁnﬂaga

] »
Tumsdemsiv-defeyaluszesInaiu $ufludosld Data Communication
. ' L} 3 1 J ie @ 4
Equipment (DCE) 8814154 Modem 1o Iddadoya 1 lnadu uadmSumsdoasluszezIna
Tidu 50 fm BisuTudesld DCE Sondh msBoa1suuy Null-modem nazlunsandeds
¥ 1 o o ﬂ kY - ) v A Hq Vo
asvoyasznIngdnsal Suiluszdesdiinasgulumsivounesns Fanasgualdiuun

figanfie uAsgIu RS232-C
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: 9 ] = q u’;
msfeasdeyauuveynsussninennanesuazgnsaidug ineuinuaiiy
as n’: 1 = = P o ;
1Y Asynchronous mumswzﬂmmﬁwamaumﬂumumsﬁﬂms%gmmu Asynchronous

, 2
MUY
2.10.1 Asynchronous Serial Communication

v 9 a 1
msdsdeyaszlidnuanilu FRAME Taouaas frame Usznoudas

START | DATA | PARITY | STOP

Start bit §1ua 1 e Taowa Tesiiu Low (0)

Data $112U 5-8 din

Parity bit $r9u 0-1 Ta Fumsasindeunnugadevesdeyn dmuaiiy even nio
odd

Stop bit 1w 122 i TaeallaziSiu high (1)

Qs ar feq ar 1
yanuainlduendnyuzvestoyn 1w

7E1: Data 7 bits, even parity, 1 stop bit

8N1: data 8 bits, non-parity, 1 stop bit

b =]

1199911581 Asynchronous Lifinseadayey i Clock Tfudoya T

o e u

19

Suiludouradeynuniuddyau Clock 113A1U Rx uaz Tx Tdmhdwive WS u-dedeya

L)

sz 114U'ld 50079191 Bit rate v150 Baud

dwmiunsdoasuuueynIuUL PC 593D Microcontroller 92gNTANTT lnud s
- ! . . . P a Y A e
t58N731 UART (Universal Asynchronous Receiver/Transmitter) Foeimuiu-o W9ya
»
S 1 ! o/
Asynchronous Tﬁuuﬂm%’aga‘lugﬂwm ﬁ'lum;ﬂsu Asynchronous LLEINBYTIDDN 91NUU
o o o o - a4 A [ ar Y
MNTVNVSIUBYNITY Asynchronous U'I&Ll‘ﬁ\ik'ﬂ'l-l'llu'luﬂﬂﬂﬂux? 1uﬂ'lil‘]fﬂuﬁlﬂﬁ'mﬁﬁyﬂlu'lﬂ.!!‘iﬂ

1 ¥
Augilnsaleynsuiionldiinewia DBS uaz DB25 Tuniiss I nnwizvideyiia DBY
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2.11 NS 1H NMEA-0183

' NMEA Message A0 4oyahdsoonuinin Tugaiudyau GPS Yoyalu NMEA
' o« o t 3 o
Message 81150414 1A1TuisnesA (Record) M50 Had (Field) tau Tavlundazisnoino
v =4 é L L o !
Uszneudiudnuszuead (ASCID Falinnuena liifiu 80 A28nys annsnsudoya NMEA
3 ¥ d o ' . s g

Message 19 laon1s 19wan a3 ¥0a15 15U Hyper Terminal 1503@90Ya 11 NMEA Message
' oo a 1 3 as ] o i ] Qs 4 1
uanznesTuiieguinoeuana iy uazuAnzisnesavziswazdeaiinanaiaiy isaesahn

I¥fudlundnlu NMEA Message 1zfinguaimsnesa swazdoaniwlunsneiaaieg 1o

v

NMEA Message naadl

I 3
GLL (Geographic Position Latitude/Longitude) 13n83aiitlsznaudn doyaaalduen

-

Dadumiania nzAge aosdga Hieme nan uazenuzlumsiudyau (Status) Taoaasti

ar

woasneda GLL filugasudynu GPS devonuii Insaeris fan1s1eh 3
M3 3 Rammnevesdeyofieglurinsia GLL

$GPGLL, 3723.2475, N, 12158.3416, W, 161229.487, A*2C

Name Example Units Description
Message ID $GPSGLL GLL protocol header
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S= south
Longitude 12158.3416 ddmm.mmmm
E/W Indicator w E= east or W= west
UTC Position 161229.487 hhmmss.sss
Status A A= data or V= Not valid
Checksum *2C
<CR><LF> End of message
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) o qw &
GGA (Global Positioning System Fixed Data) 15n93ailil5znoudis doyadslduan

= = o

e unuInnn azfen aaedve 1381 U IRsUR lFR IMNNNA (Satellites Used) 1ae

L] 4

¥
o

AUeNINIERU Nzt (MSL Altitude) Tasdiadeuousnesa GGA §iTnsaadia demissia
4 o ]
13197 4 anuminovesleyatiegluineia GGA

SGPGGA,161229.487,3723.2475N,12158.3416,W,1,07,1.0,9.0,M, , , ,.0000*18

Name Example Units Description
Message 1D SGPGGA GGA protocol header
UTC Position 161229.487 hhmmss.sss
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N= north or 8= south
Longitude 12158.3416 dddmm mmmm
E/W Indicator w E= east or W= west
Position Fix Indicator |1 (see table below) | GPS SPS mode, fix valid
Satellites Used 07 Range 0 to 12
HDOP 1.0 Horizontal Dilution of Precision
MSL Altitude 9.0 Meters
Units M Meters
Geoid Sparation Meters
Units M Meters
Ages of Diff, Corr. Second Null fields when DGPS is not used
Diff. Ref. StationID ] 0000
Checksum *18
<CR><LF> End of message




Table position Fix Indicator
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O=invalid

1=Fix valid GPS

2=DGPS Fix

3=GPS PPS Fix

4
=1 &
GSA (GNSS DOP and Active Satellites) 15003 atlil5znoudie doyadaldvenis

a Q e o o ar . at ] o
THuANIH 191U (Mode) SuuaTuioui 14A 1uuRAe (Satellite Used) #1061998 9150039

s

GSA N lugasudygu

GPS divonuiillnsaadng AImsan 5

MM s anuminevesdoyafieghusnein GSA

$GPGSA,A3,07,02,,,,,,,1.8,1.0,1.5 *33

Name Example Unity Description
Message ID SGPGSA GSA protoco!l header
Model A Automatic-switch 2D/3D
Mode2 3 1=No Fix, 2=2D, 3=3D
Satellite Used 07 SV on Channel 1
Satellite Used 02 SV on Channel 2
Satellite Used SV on Channel 12
PDOP 1.8 Position Dilution of Precision
HDOP 1.0 Horizontal Dilution of Precision
VvVDOP 1.5 Vertical Dilution of Precision
Checksum *33 Meters
<CR><LF> Meters End of message
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»
r

. . . L4 ¥ ¥ 4 4 &2
GSV (GNSS Satellites in View) iseiallsznoaunie ﬂlﬂyﬁ“ﬁﬂi‘ﬁu@ﬂﬂﬂﬂ'l‘l’l'l&

.
] oy o ar

o s ~ - Y L o -
watinaeg i lasunnaufiou GPs lugasudygn A dredlsveusnesa GSV filugn

Y]

Vg1 GPS devanindl Inseadis Awmrsndi 6

13

M3 6 Anumnovssdisyoiiaghuineia GSV

$GPGSV,2,1,07,79,048,42,02,51,062,43,26,256,42,27,138,42*71

Name Example Units Description
Message ID $GPGSV GSV protocol header
Number of Message 2 Range 1to 3
Message Number 1
Satellites in View 07
Satellite 1D 07 Channel 1 (1~32)
Elevation 79 degrees {Channel 1 (max.90)
Azimuth 048 degrees  {Channet 1 (True,range 0~359)
SNR (C/No) 42 dBHz 0~99 null when not tracking
Satellite 1D 27 degrees |Channel 4 (1~32)
Elevation 27 degrees | Channel 4 (max.90)
Azimuth 138 dBHz Channel 4 (True,0~359)
SNR 42 second Range 0~99, null not track
Ages of Diff. Corr.
Checksum *71
<CR><LF> End of message
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iy &
RMC (Recommended Minimum Specific GNSS Data) Lﬁﬂﬂ‘;ﬂuﬂ‘ia’,ﬂﬂuﬁ’w %ﬂy’am

THuendemaauzumssudygiu (Statws) Aumisfids az@gn aosdga fieme Jui nm

o

warnu Metisvsusnasa RMC ﬁiu@,ammgtym GPS denanuiiilngsadie asaisa
717
amafi 7 muminovesdeyniieghuneda RMC
$GPRMC, l61229.487,A,3723.2475,N,12158.3416,W,0.13,309.62,120598,9.0 *10
Name Example Units Description

Message 1D $GPRMC RMC protocol header

UTD Position 161229.487 hhmmss.sss

Status A A= data valid or V= Not

Latitude 3723.2475 ddmm.mmmm

N/s Indicator N N= north or $= south

Longitude 12158.3416 dddmm.mmmm

E/W Indicator w E= east or W= west

Speed Over Ground 0.13 knots

Course Over Ground 309.62 degrees True

Data 120598 Ddmmyy

MSL Altitude 9.0 meters

Magnetic Variation degrees E= east or W= west

Checksum *10

<CR><LF> End of message

i
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VTG (Course Over Ground and Ground Speed) L‘iﬂﬂgﬂﬁﬂﬁzﬂﬂuﬁ’w %’ﬂgacﬁﬂ%’nﬂn

&£ e 9 or ]

o s ' \
e nazanus Aedveusnese VIG flugadudynm GPS dewsnind Inssads

o <
AT NN 8

119 8 Anumnaveseyadieglusneda vIG

$GPVTG, 309.62, T, M, 0, 13, N, 0, 2, K*6E

Name Example Units Description
Message 1D $GPVTG VTG protocol header
Course 309.62 Measured heading
Reference T True
Course Degrees Measured heading
Reference M Magnetic
Speed 0.13 Knots Measured horizontal speed
Units N Knots
Speed 0.2 kh/hr Measured horizontal speed
Units K Kilometer per hour
Checksum *6E
<CR><LF> End of message

¥
: , 4
ZDA (GNSS DOP and Active Satellites) 1503 ailtlszneudin doyadalduenta

o O ar !

4 ar 1 o | o
Tuf uaznat fediveusnesa ZDA Nugasudyyiu GPS asesnuill Insaadie A

=n.

9
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3GPZDA, 123456, 01, 02, 1997, +09.00,*6B
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Name Example Uniits Description
Message ID §GPZDA ZDA protocol header
UTC: Time 123456 hh:mm:ss 00~23:00~59:00~59
UTC: Day of the Month 01 DD 01~31
UTC: Month 02 MM 01~12
UTC: Year 1997 YYYY 1997~2040
Local Zone Time(hour) +09 hh -13...400...+13
Local Zone Time(minute) 00 mm 00~59
Checksum

Note: February 1, 1997 ---~ 12:34:56 ---- Local Zone Time: +09.00

14
EwsnagUguantfves 7 5nesandnlu NMEA Message 18 fail

@13197 10 ojlgimuifves 7 13ne Fanantu NMEA Message

ngudoyafidoans

unedafifiudoyanidemsly

o

WARALMUIBSAYA-0BIATP

$GPRMC, $GPGGA, $GPGLL

U, rm

$GPRMC, $GPGGA, $GPGLL, $GPZDA

o
ATV

$GPRMC, $GPVTG

FTAVLUUITIL, ANNGA

$GPGGA, $GPGSA

ADIUTVOIAITY $GPGGA, $GPGSA
Joyavesnruiioy SGPGSV
maud lluises DGPS SGPGGA
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Vaudiaie: ﬂhq wi jEcan COMI_ Mane}
- . Scan COM4 . Fipen faltzd)
Seen.. | Open GBS Sran COMS., Brpcn 1alled]
r u E Sran GO ¥ ound GF5I
Eean oMY Migen falted]
4 i |$un LAk, pipen falird]
Sran DO . [Open tallcd]
S § j »u Sean COAELR. Kipan falicd]
l Sean rmmpleocd.
Se .-' ferd
Crpctan Spmeeat ——n
i Poce (ol
-
N a3

Fle Hep
Com Part |COM5: ng
Baudrate: lgagg _-j

2. | [Closc GRS}

r Powc’; Save i
I~ WAASJ/EGNOS
Hot Stant_} _Cold Start |

Wearm Start l

GPS Open...
$GPGSA.A.3,13.19.23.11,27,03,04

SGPGSY.2,2,08,27,35,335,42,03,2
SGPRMC.075836.680.A.1343.872

Direction:
Altitude:0 m

Speed: 0 kmfr
PDwop: 0.0

a1l 34
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File Help

Com Paort: Icous: vI
Baudrate: I4Bl]l] ,]

T ] Close GPS f

e

™ Power Save
™ WAASJIEGNOS
Hot Stat |  Cold Start |

YWarm Stanl |

SGRGSAA3,23,13,03,11,27.25 ~ :
SGPAMC,071244.512.A.1343.8 | €313 3 1127 25

2005}'09!2 1

Tirn
144_ 12: 33

Lr.mgﬂude

N 13'4352.4"

Latiude:

E 100'46'48.7'

SGPRMC,071245.512,A,1343.8
SGPGGA.071246.512,1343.872 ~

SGPGGA.071245.512,1343.872 Direction:NE O Speed: 0 kmn/hr
$GPGSAA.3,23.13.03.11.27.25. Altitude:1 m PDop: 2.3

it 3

ar o = 4 9 [
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HotStart | Cold Start |

Warm Start |

SGPGSAA,3,19.23,13,03,11,27 ~

File Help
Com Port: [coms: vl Date:
"
Baudrate: [4300 ,l _I_IZUU?/UQJ'EI
% 14:22:09
Il f Close GPSJ - Lnngltudg
r Powel Save ~ ’? Ll:“;ﬁj:1352 A4
l‘ WMSJEGNOS E 100'46'48.5"
: Dop 1.0

SGPGSY,3,3,09,28,06,268,00"4 19 2 13 3112725 15 28

SGPGSAA3,19,23,13,03,11,27.
SGPRMC,072213.565,A.1343.8 v

SGPAMC,072212.555,A,1343.8 Direction:NE O Speed: 0 km/hr
SGPGGA,072213.555,1343.873 Altitude:0 m PDop: 1.9
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wanawa Tagdarninusylumssudedoyal¥i 4,800 Sadeiundt 41 Tuganiesiu GPS v
4 NMEA Message AMUANAI§ 11109 NMEA 0183 0001 Sennmsnageunts Sudwanoly
Sudi 21 Futnou wat. 2549 a1 duindsouazuinsneniane? anfumalulainszeeunt
Srunmsmanseils wuef hifinsindeudt waft lAuansiegiit 37 9214 Arinaasige fio
1343.8732 narnumile, moosdga fie 10046.8096 parnas Tuoen, A3 7o 0.00, Fuiih

AISNATOU AD 21/09/2006, 1UIUATWALUARY fD 8 A

o R Hel
D & {08 &

$GPGGA, 080615.896,1343.8731,N, 100468096,
$GPGSA.A,3,13,19,11,23,27,03,08,28, ,,,,2.
$GPRMC.B50615.896,A.1343.8731,N, 10046 . 80
$GPGSY.3,3,12,2

"$GPGSA,A,2,11,27,25,,,.,.,... 22.9,11.0,20.0

;ggggg |080616.896,1343.8732.N,10046. 8096 ,E, 1 08,1.0,-3.6,M,-27.2,1,0.0,0000=786N,
:ggggg 373313 ,19,11,23,27,03,08,28,,,,,2.2,1.0,2.0=3E,N,10046.8102,£,1,01,0.0,-1
$GPGGA,080618.895,1343.8732,N,10046.8096 ,£,1,08,1.0,-3.4,M,-27.2,4,0.0,0000~77
$GPRMC,000013.998 .V,

$GPRHC 072754.728,A,1343.8733, N,10046.

£,1,08,1.0,-3.8,M,-27.2,4,0.0,0000~76,1 !
E,% g .0~3E8,1343.8732.N, 100468102 E, :

9 00,119.53,210906, , =01

$GPGSY,3,3,09,17,05,224, 0047
$GPRMC . 080618895, A,1343.8732,N,10046.8096 ,E,8.80,119.53, 210906, , ~0C '
$GPGGA. 080619895 1343.8732 N.10046.8096 ,E.1.08,1.0,-3.4 . H,-27. 2.4.0.0,0000+76
$GPGSA.A,3,13.19,11,23.27,03,08,28, .,,,2.2.1.0,2.03E
$GPRMC . 080619895, A.1343.8732, N, 100468096 .E ,4_0A, 119 23, 210906,, «00
$GPGGA, P8A620 8951343 .8732 N.10046.8896 F.1.08,1.0,-3.4 . H,-27.2,M.0.0,0000=7C
$GPGSA.A,3,13,19,11,23,27,03,08,28, ,,,,2.2,1.8,2, 0=3E
$GPRMC. 080620895, A.1343.8732,N 10046 .8096 ,.F,A.20A,119.53, 21@906 =07
$GPGGA, 880621895 1343.8732 N, 10046 .8095,.E,1,08,1.0, 3 S.M,-27.2,M,0.0,0000=7F
$GPGSA.A,3,13,19,11,23,27,03,08,28,,,,,2.2,1.0,2 0=3E
$GPRHC . 080621 .895 A.1343.8732 N, 10046 . 8095 E, %ﬁﬂ% 119.53,210906, , =05
$GPGGA. 080622895, 1343.8732, N, 10046.8095 F 1 0,-3.5.M,-27.2.H,0.0,0000+7C
$GPGSA.A,3,13,19,11,23,27,03,08,28, , , ,, 2.2,1.0,2.0%3E
$GPRHC, 980622.895,A.1343.8732 N 10045 8095, E_ﬁ*ﬂﬂdll9 53,210906, , =06
$GPGGA . 080623 .895,1343.8731,N,10046.8095,E,1,08,1.0,-3.6 4, -21.2.4,0.0,0000~70
$6PGSA.A,3,13,19,11,23 27,09,98,28, .,,,2.2.1.0,2 . 0=3E
$6PGSV 3.1.09,13.55.246,46,11,48,153.463,19.47 026 44,2342 ,191 45=1TE
$GPGSY.3.2.09.27.38.336.44,03,18.035,40.08,13.325,36.28,11,286,33=1C
$GPGSY.3.3.09.17.05.224 ,00%4 7
$GPRMC . 030623895, R,1343.8751 N, 10046.8095,F 0. 09 119.53, 210906 . ~04
$GPGGA . 080624 . 895.1343.8731,N,10046.8095,F,1,08,1.0,-3.6,M,-27.2,4,0.0,0000~7A
$6PGSA.A,3,13,19,11,23,27,03,08,28, ., ,, 2.2,1.0,2.0-3E

\ $GPRHC,083624.895,9,1343.8?31,",1?8&6.88 5.E.9.00,119.53,2108906, ,~03

Cornected 0:00:24 ANSTW 4800 B-N-1 & -
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Fie Eu‘ut View Call Transfer Help

D .5 DD

$GPGGA, 080664 . 896, 1

$GPGSA.A,3,13,19,27,03,08, , ,3.6,2.0,2.8-380,0,0000~7F
$GPGSV.3.1,09.13,55.246,35.11,48.153.33,19.47.026.,4@,23,42,191,25+7F03, 08,28,
$GPGSY,3,2,09,27,38,336,40,03,18,035,36.08,13 . 325.37.28, 11,286, 00~ 78, 210906,
$GPGSYV.3.3.09.17.05,224 .00~47,1343.8729.N,10046.8092 E,1,0

$GPRMC, 080719892, A 1343.8739 N, 10046 . 8066, E, 1.96.4. 44210906, ,~0A

$GPGSY, 1,

$GP

$GPRMC,0727

$GPRMC, 080606 .896,1,1343 .

$GPGGA, 080720.892,1343.8745,N,10046.8066,E,1,01,0.0,-6.2,M,-27.2,M,0.0,0000~7E
$GPGGA, 070513

$GPG6A . 072743

J=05

$6PGSA,A,3,13,19,11,23,27,03,08,28,,,,,2.2,1.0,2.0=3E

$GPRMC, 080722892, A 1343.8750,N 10046, 8067.F.0.00,0.40,210906, , =02

$GPGGA . 080723.892.1343.8746 N, 10046.8068 ,F,1,08,1.0,-6.1,M, 27.2,H,0.0.0000~7B
$6PGSA.A,3.13,19,11,23,27,03,08,28, ,,,,2.2,1.0,2.0=3F
$6PGSY.3.1,09,13,55,246,39,11,48,153,42,19,47,026,33,23,42,191,42%70
$6PGSY,3,2,09,27,38,336,35,03,18,835,32,08,13,325,31,28,11,286,34~1F
$GPGSY.9.3.09.17.05, 224, 0047

$GPRMC . 080723°892 1. 1343.8746.N,10046. 8068 ,F ,1,88,163,63,210906, , ~0F

$GPGGA, 080724 .892.1343.8740,N,10046.8070.F.1.07,1.0,-6.0,M,-27.2.M,0.0,0000-7D
$6PGSA.A,3,13,19,11,23,27,03,28,,,,..2.3.1.0.2.0=37

$GPRMC 880724892, A, 1343.8740,N.10046.8070 F.2.00,161,40,210906, , =07

$GPGGA, 080725892 1343.8733,N.10046.8071,E.1.06,1.4.-6.2.H,-27.2.1,0.0,0000~TE
$GPGSA.A,3,13.19,11,23,27,03,,,,,,,3.68,1.4,3.5+37

$GPRMC 080725892, 0.1343.8733.N,10046.8071 .F .2, 27,185,25,210906, , 0F

$GPGGA, 080726 892 1343.8726 ,N.10046.8073 ,E.1.06,1.4,-6.4,H,-27.2.M,0.0,0000+7D
$GPGSA.A,3,13,11,23,27,03,08, 3.4,1.4.3.0=3E

$GPRMC 080726892, A.1343.8726.N,10046.8073,F 2. 47.161.20, 210906, , «03

$GPGGA, 080727.892.1343.8718 N, 10046.8076.E,1,03,8.2,-6.6.H, -27.2.M,0.0,0000=7C
$GPGSA.A,2,13.11,23, ,,,,.,.., 21.7,8.2,20.0%3C

$GPRMC.080727.892 0. 1343.8718 N, 100468076 ,F,2.66,168.64,210906, , =00

$GPGGA. 080728 .892.1343.8710, N, 10046.8078,F.1.04,2.4,-7.1.M,-27.2,H,0.0, 000078
$GPGSA.A,3,13,11,23,27, ,8.5,2.4,8.1%36
$GPGSV.3.1.09.13.55,246.39.11.48,153,38,19,47,026,27,23,42,191,43+79

$GPGSV 3,2,09,27,38,336,35,03.18,035,27,08, _

= —r n FE—— =
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$GPRMC.934.000.V,1343.8750.H,10046.8078,E.0.00, .090803. . ~0F
$GPRMC.955.000.V.1343.8750.H,10046.8078.£.0.00, .090803 . . =0
$GPRMC.956.000,V,1343.8750 4, 10046.8078.E.0.00. .099803. . -0b
$GPRHC, 957,000,V ,1343.8750 .4, 100468078 .£,0.00, ,090803, ,~0C
GPRMC,948.000.v.1343.8750.1, 10046 8078 £.0.00, . 098803, . =02
$GPRMC , 949.000,V,1343.8750.H,10046.8078.E.0.00. , 090803 . ~03
$GPRMC. 956.080.¥,1343.8750 .4, 100468078 .E.0.00. .090803 . . ~0B
$GPRMC,951.000,V,1343.8750 .8, 10046.8078,E.0.00, .090803. .-0A
$GPRMC,952.000.V,1343.8750 4., 10046.8078 .F.0.00, 090803, ,-09
$GPRMC,959.006,V,1343.8750 H,10046.8078,E£.,0.00, 090803, ,-08
$GPRMC,954. 000,V , 1343, 8?50,".100&6 8078.£.0.00.,090803, . ~OF
$CPRMC.955.000.V.1343,8750 .N.10046.8078.€ .0.00. .090803 . . =0OF
$GPRMC . 956.000.V,1343,8750.H.10046.8078,£,0.00, 090803 . .-0D
$GPRMC. 957 000.0.13&3.8?50.“.10056 §078.€.0.00,,090803. .-0C
$GPRMC.957.999,V,1343,8750.4.10046.8078.£.0.00, .090803, .-05
$GPRNC , 958,999,V ,1343.8750.4.10046.8078.£.0.00. ,090803, . -0A
$GPRMC . 959.999,V,1343,8750 ,N,10046.8078.£.0.00, .096803. ,~0B
$GPRNC.000.999.V.1343.8750.N4.10046.8078.£,0.00. .100803. . -02
$GPRNMC,001.999,V,1343.8750.N.10046.8078.€.0.00, . 100803, ,~03
$GPRNC . 002.999.V.1343.8750 .,10046.8078.£,0.00. ,100803. .-00
$GPRMC,003.999.V,1343.8750.1.10046.8078,£.0.00, . 100803, , =01
$GPRNC ,004.999.V.1343.8750,N,10046.8078.£.,0.00, ,100803. .~06
$GPRMC.0D5.999 . V,1343.8750 .4.10046.8078 .€.0.00, 100803, .-07

 Correcied E.-az-.-us 2?1‘:.!1 4& 41 L]
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ID | Position | Positiony | Date |  Time

1 239 244 071006 040.285

2 239 244 071006 040.285

3 229 244 071006 040.285

4 209 204 071006 040.285

5 267 238 071006 042.284

6 270 246 071006 041.285

7 270 286 071006 041.285

8 270 246 071006 041.285

9 270 246 071006 041.285

10 270 246 071006 041.285

11 270 245 071006 041.285

12 270 246 071006 041.285

13 270 246 071006 041.285

14 270 246 071006 041.285

15 270 2460710086 041.285

16 270 245 071006 041.285

17 270 246.071006 041.285

18 270 246 071006 041.285

19 267 238:071006 042.284

20 267 238/071006 042.284
0 0 0,

71l7t 50 nraedfeyndumisiinignifuluszuugudoya
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1. Software Interface

1.1. Overview of the Supported AT Command Set

Page { Commands Function
07.07 .
7 | ATHCGMI Issue manufacturer ID code
7 | ATH+CGMM Issue model ID code
7 1AT+CGMR Output the GSM telephone version
B8 [AT+CGSN Cutput the serial number (IMEI)
8 | AT+GSN Output the serial number (IMEI}
B {AT+CHUP Tenminate call
8 1 AT+CEER Query the reason for disconnection of last call
9 AT+CREG Network registration
9 | AT+COPS Commands conceming selection of network operator
10 [ AT+CLCK Switch locks on and off
10 | AT+CPWD Change password to a lock
11 [ AT+CLIP Display telephong number of calling party
11 | AT+CCFC Call forwarding
12 | AT+CHLD Call hold and multiparty
12 |AT+CPAS Query the telephone status
13 | AT+CPIN Enter PIN and query lock
13 | AT+CBC Batltery charge
14 | AT+CSQ Qutput signal quality
14 | AT+CPBS Select a telephone book
15 | Fehler! Keln | Read a telephone-book entry
glltiges
Resultat fir
Tabelle,
15 | AT+CPBW Write a telephorwe-book entry
16 | ATHCMEE Expanded emor messages according fo GSM 07.07
17 | ATHTS Send & DTMF tone
18 JAT+VTD Sef duration of a DTMF tone
18 [ AT+WS46 Select wireless network
18 | AT+CSCS Select TE character sel
19 | AT+CAOC . | Advice of charge .
19 | AT+CSSN Supplementary service notifications
20 | AT+CRSM Restricted S1M access
20 | AT+CIMI Output of iMSI
21 | AT+CACM Accumulated call meter
21 | AT+CAMM Accumulated call meter maximum
22 | AT+CLCC List Current Calls
23 JAT+CCLK Clock
23 | AT+COPN Read operator names
23 [AT+CPUC Price per unit and currency table
24 | AT+CALM Alert sound mode
24 | AT+CRSL Ringer sound level
24 | AT+CLVL Loudspeaker volume level
24 | AT+CMUT Mute control
25 | AT+CVIB Vibrater mode

poge 3of 52
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Page | Commands Function
07.05

26 | AT+CSMS Selection of message service

27 | AT+CPMS Selection of SMS memory

27 | AT+CMGF SMS format

28 | AT+CSCA Address of the SMS service center
AT+CNMI Display new incoming SMS
AT+CNMA Acknowledgment of a short message directly output
AT+CMGL List SMS

AT+CMGR Read in an SMS

31 | AT+CMGS Send an SMS

31 | AT+CMSS Send an SMS from the SMS memory
32 | AT+CMGW | Write an SMS to the SMS memory
32 | AT+CMGD Delele an SMS in the SMS memory
32 | AT+CSCB Select cell broadcast messages

32 [ AT+CMGC Send an SMS command

2183

Page | Siemens- Function
specifle
commands
33 AT*SPBS Select a telephone book (including Siemens-specific books)
33 ATASDLD Delete the "last number redial” memory”
34 ATASPBC Seek the first entry in the sorted telephone book which begins with the
selected (or next available) letter
34 AT*SPBG Read entry from the sorted telephone book via the sorted index
35 AT*SLCK Swilch locks (including user-defined locks) on and off
35 AT SPWD Change password to a lock (including usar-defined locks)
38 ATASACM Output ACM (accumulated call meter) and ACMmax
36 ATASPLM Read the PLMN
36 ATASPLR Read an entry from the preferred-cperator list
36 AT*SPLW Wirite an entry to the preferred-operator list
37 AT*SCNI Output call number information

37 AT SNFV Set the volume

37 AT*SNFS Select NF hardware
38 ATASRTC Set the ringing tone
38 ATSCID QOutput card (D

38 ATASCKS Output SIM card status
39 AT*SPIC Cutput PIN counter

39 AT*SMGO SMS overflow indicator -
AT*SMGL List SMS (without status change from unreadto read)

ATASMGR Read SMS record without Changing unread->read
ATASMSO Switch device off i
AT*SLNG Language settings

41 AT*S5TK SiM Toolkit

41 ATASBNW Binary Write

2|818/8

43 ATASBNR Binary Read

page 4ol 52
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User's manual ” 0[ UX

J1 connector pin definition:

Pin # Name 1 o ~ Description S
1 _ NC e Nt_:_o function
2 VvCC_5V Regul_a\ted_ 5. OV +/-5% mput power 80mA typlcal
3 VBAT | Battery backup input. 2.5Vto 3.3V, 10uA typical.
4 NC __No function
Manual reset mput ground to reset recelver Leave floating for
5 PBRESEN normal operation. The minimum plus width is 150 ms reset
o o S|gnal
6 GPIO1 General purpose I/O pin 1
7 GPIO2 __General purpose io pin 2
8 GPIO3 Gener_‘e_l purpose {/O pin 3
9 | _GPIO4 General purpose 1/O pin 4
10_. __GND_ | Ground
1 TXA | PortA Senal Transmit Data GPS messages
12 | RXA ________qut_ A Senal Receive Data GPS commands
13 | 6ND | Ground _
14 ™XB Port _B _Senal Transmit Data.
15 RXB Port B Serial Receive Data DGPS messages. )
16 GND G"?E,[ld_ 5
17 GPIOS _Reserved for re programmtng ﬂash )
18 GND Ground ) o
18 TIMEMARK 1PPS Time_ mark output )
20 NC No function
1. VCC_5V: + 5V DC voltage input.
2. Dual communication channel TTL levels (GM-82-T0/T1) or RS-232 levels (GM-82-A0/A1), with
user selectable baud rates (4800-Default, 9600, 19200, 3B400).
RXA: Main Receive Channel. This input is used to receive software commands to the GM-82 from
user written software.
RXB: Auxiliary Receive Channel. This input is used to receive senal differential GPS data.
TXA: Main Serial Output. This output provides navigation data to user written software.
TXB: For user's application (not currently used).
3. PBRESEN: This pin prevides an active-low reset input to the GM-82. Activation of this pin will reset
and start acquisition process. It may be left open if not utilized. .
4, TIMEMARK: This pin provides One-Pulse-Per-Second output from the GM-82 board, which is
synchronized to GPS time. This is not available in Trickle-Power mode |
5. VBAT: Battery backup input for powering the RAM and RTC. Typical current is 10uA. Without an
external backup battery the GM-82 will execute a cold start when turning on each time. To achieve
the faster start-up offered by a hot or warm start, either a battery backup must be connected. A2.5V
and 3.6V power source is required in order to maximize battery lifetime. With a lithium cell battery,
the data retention is 1,000 hours.
6. GPIO Functions: Several I/0s of CPU are connected to the digital interface connector for

customer’s applications and are labeled as GPiIO1 to GPIOS.
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lt_l. Software'lnterfac_ej

The GPS-82 interface protocol is based on the National Manine Electronics Association's NMEA 0183
ASC Il interface specification, which is defined in NMEA 0183, Version 2.2 and the Radio Technical
Commission for Maritime Services (RTCM Recommended Standards For Differential Navstar GPS Service,
Version 2.1, RTCM Special Committee No.104).

4.1 NMEA Transmitted Messages
The default communication parameters for NMEA output are 4800 baud, 8 data bits, stop bit, and no

panty.
Table 4-1 NMEA-0183 Output Messages

HOLUX

NMEA Record Description
GPGGA Global positioning system fixed data
GPGLL Geographic position- iatitude/longitude
GPGSA GNSS DOP and active satellites
GPGSV GNSS satellites in view
GPRMC Recommended minimum specific GNSS data
GPVTG Course over ground and ground speed
GPMSS Radio-beacon Signal-to-noise ratio, signal strength, frequency, etc.

4.1.1 Global Positioning System Fix Data (GGA)
Table 4-2 contains the values for the foliowing example:

$GPGGA,161229.487,3723.2475,N,12158.3416,W,1,07,1.0,9.0,M, , , ,0000*18

Table 4-2 GGA Data Format

Name Example tUnits Description
Message ID $GPGGA GGA protocol header
UTC Time 161229.487 hhmmss.sss
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=east or W=west
Position Fix Indicator 1 See Table 5-3
Satellites Used _ o7 Range O to 12
HDOP 1.0 Horizontal Dilution of Precision
MSL Altitude (1) 9.0 Meters
Units : M Meters
Geoid Separation(1) Meters
Units M Meters
,Age of Diff. Corr. second |Null fields when DGPS is not used
Diff. Ref. Station ID 0000
Checksum *18
<CR> <LF> End of message termination
(1). SiRF Technology Inc. does not suppor! geoid corrections. Values are WGS84 ellipsoid heights.
Table 4-3 Position Fix Indicator

Value { Description

0 0 Fix not available or invalid

1 GPS SPS Mode, fix valid

2 Differential GPS, SPS Mode, fix valid

3 GPS PPS Mode, fix valid
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4.1.2 Geographic Position with Latitude/Longitude(GLL)

Table 4-4 contains the values for the following example:

$GPGLL,3723.2475,N,12158.3416,W,161229.487 A*2C

Table 4-4 GLL Data Format

Name Example Units Description
Message ID $GPGLL GLL protocol header
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=east or W=west
UTC Position 161229.487 hhmmss.sss
Status A A=data valid or V=data not valid
Checksum *2C
<CR> <LF> End of message termination

4.1.3 GNSS DOP and Active Satellites (GSA)

Table 4-5 contains the values for the following example:

$GPGSA,A,3,07,02,26,27,09,04,15,,,,,,1.8,1.0,1.5*33

Table 4-5 GSA Data Format

Name Example Units Description
Message ID $GPGSA GSA protocol header
Mode 1 A See Table 5-6
Mode 2 3 See Table 5-7
Satellite Used(y) 07 Sv on Channel 1
Satellite Used(1) 02 Sv on Channel 2
Satellite Used(1) Sv on Channel 12
PDOP 1.8 Position Dilution of Precision
HDOQP 1.0 Horizontal Dilution of Precision
vDOP 1.5 Vertical Dilution of Precision
Checksum *33
<CR> <LF> End of message termination
1. Satellite used in solution.
Table 4-6 Mode 1
Value Description

M Manual—forced to operate in 2D or 3D mode

A 2DAutomatic—allowed to automatically switch 2D/3D
Table 4-7 Mode 2

Value Description

1 Fix Not Available

2 2D

3 3D

4.1.4 GNSS Satellites in View (GSV)

Table 4-8 contains the values for the following example:

$GPGSV,2,1,07,07,79,048,42,02,51,062,43,26,36,256,42,27,27,138,42*71
$GPGSV,2,2,07,09,23,313,42,04,19,159,41,15,12,041,42*41

HOLUX
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Table 4-8 GV Data Format

( Name Example | Units Description

Message ID $GPGSV GSV protocol header

Number of Messages(1) 2 Range 1to 3

Message Number(1) 1 Range 110 3

Satellites in View 07

Satellite ID 07 Channel 1 (Range 1 to 32)

Eilevation 79 degrees iChannel 1 (Maximum 90)

Azimuth 048 degrees |Channel 1 (True, Range 0 to 359)
SNR (C/No) 42 dBHz [Range 0 to 99, null when not tracking
Satellite ID 27 Channet 4 (Range 1 to 32)

Elevation 27 degrees [Channel 4 (Maximum 90)

Azimuth 138 degrees |Channel 4 (True, Range 0 to 359)
SNR (C/No) 42 dBHz |Range 0 to 99, null when not tracking
Checksum *71

<CR> <LF> End of message termination

(1). Depending on the number of satellites tracked muttiple messages of GSV data may be required.

4.1.5 Recommended Minimum Specific GNSS Data (RMC)

Table 4-9 contains the values for the following example:

$GPRMC,161229.487,A,3723.2475,N,12158.3416,W,0.13,309.62,120598, ,*10

Table 4-9 RMC Data Format

Name Example Units Description
Message ID $GPRMC RMC protocol header
UTC Time 161229.487 hhmmss.sss
Status A A=data valid or V=data not valid
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator w E=east or W=west
Speed Over Ground 0.13 knots
Course Over Ground 309.62 degrees [True
Date 120598 ddmmyy
Magnetic Variation(1) degrees |E=east or W=west
Checksum *10
<CR> <LF>- | End of message termination

{1). SiRF Technclogy Inc. does not support magnetlc declination. All "course over ground” data are geodetic WGS84

directions.

4.1.6 Course Over Ground and Ground Speed (VTG)

Table 4-10 contains the values for the following example:

$GPVTG,309.62,T, ,M,0.13,N,0.2,K*"6E

Table 4-10 VTG Data Format

Name Example Units Description
Message ID $GPVTG VTG protocol header
Course 309.62 degrees |Measured heading
Reference T True
Course degrees |Measured heading
Reference M |Magnetic(1)
Speed 0.13 knots IMeasured horizontal speed
Units N Knots
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Speed 0.2 km/nr  |Measured horizontal speed
Units K Kilometers per hour
Checksum *6E
<CR> <LF> End of message termination

{1). SiRF Technotogy Inc. does not support magnelic declination. All "course over ground” data are geodetic WGS84

directions.

4.1.6 MSK Receiver Signal (MSS)

Table C-9 contains the values for the following example:

$GPMSS,55,27,318.0,100,66

Table C-9 MSS Data Format

Name Example Units Description
Message ID $GPMSS MSS  |protocol header
Signal Strength 55 dB dB S8 of tracked frequency
Signal-to-Noise Ratic 27 dB SNR of tracked frequency
Beacon Frequency 318.0 kHz Currently tracked frequency
Beacon Bit Rate 100 100 bits per second

Note — The MSS NMEA message can only be polied or scheduled using the MSK NMEA input message.

4.2 RTCM Received Data

The default communication parameters for DGPS Input are 9600 baud, 8 data bits, stop bit, and no
panty. Position accuracy of less than 5 meters can be achieved with the GPS-82 by using Differential GPS
(DGPS) real-time pseudo-range correction data in RTCM SC-104 format, with message types 1,2, or 9. As
using DGPS receiver with different communication parameters, GPS-82 may decode the data correctly to

generate accurate messages and save them in battery-back SRAM for later computing.

5.:Earth Datums

5.1

Earth Datums

The following is a list of the GM-82 earth datum index and the corresponding earth datum name:

Item Datum Reference Ellipsoid Data name

1 Adindan - Ethiopia Clarke 1880 Datal. dat

2 |Afgooye - Somalia Krassovsky DataZ. dat
3 |Alaska, Conus — North American 1983 |GRS 1980 Data3. dat

4 |Argentina South American 1969 Datad. dat

o Bahrain — Ain el ABD 1970 International Data5. dat

6 [Bangladesh Everest 1830 Data6. dat

7 Botswana - ARC 1950 Clarke 1880 Data7. dat

8 Bolivia South American 1969 Data8. dat

9 Brazil South American 1969 Data9. dat
10 |Canada - North American 1983 GRS 1980 Datal(. dat .
11 jColombia — Provisional American 1956 |International Datall. dat
12 iColombia South American 1969 Datal2. dat
13 |Chile South American 1969 Datal3. dat
14 |Ecuador South American 1969 Datal4. dat
15 |[European 1950 - Cyprus International Datal5. dat
16 {European 1950 - Eastern Regional Mean{International Datal6. dat
17 |European 1950 - Egypt International Datal7. dat
18 |European 1950 - Finland, Norway International Datal8. dat
19 |European 1950 - Greece International Datal9. dat
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversfreceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems -

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

NMAKXIMN

Drivers/Receivers

Features

Superior to Bipolar

4 Operate from Single +5V Power Supply
(+5V end +12V—MAX231/MAX239)

4 Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications

4+ Muitiple Drivers and Receivers

4+ 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Prastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C 1o +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAXZ220MJE -55°C to +125°C 16 CERDIP

Ordering information continued at end of data sheet.
"Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHOM Rx
Part Supply RS-232 Mo. of Cap, Vatue & Three- Active in Data Rate
Numb (L4 Drivers/MRx Ext. Caps (pF) State SHDN {kbps) Features
MAX220 +5 22 4 0.1 No . 120 Ultra-low-power, industry-standard pinout
MAN222 +5 2/2 4 +R] Yes —_ 200 Low-power shutdown
MAX223 (MAX213) +5 45 4 1.0(0.1) Yes v 120 MAX24t and receivers active in shutdown
MAX225 +5 .55 0 — Yes 4 120 Avaitable in SO
MAX230 (MAX200) +5 50 4 1.0(0.1) Yes —_ 120 5 drivers with shutdown X
MAX231 (MAX201) +5and 22 2 1.0(0.1) No —_ 120 Standard +5/+12V or batiery supplies;
+7.510 +13.2 same functions as MAX232
MAXZ32 (MAX202) +5 2i2 4 . 1.0(0.1) No — 120 {64) Industry standard
MAX232A 45 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 ~ 2/2 0 — No — 120 No external caps
MAX233A +5 22 a — No — 200 No external caps. high slew rate ‘
MAX234 (MAX204) +5 40 4 1.0(0.1) No _ 120 Replaces 1488
MAX235 (MAX205) +5 55 0 —_ Yes — 120 No external caps
MAN236 (MAX206) +5 413 4 1.0{0.1) Yes _— 120 Shuldown, three state
MAX237 (MAX207) +5 53 4 1.0(0.1) No — 120 Camplements IBM PC serial port
MAX238 (MAX208) +5 414 4 1.0(0.1) No - 120 Replaces 1458 and 1489
MAX239 (MAX209) +5and s 2 1.0{0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0+13.2 single-package sotution for I8M PC serial port
MAX240 +5 55 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC sarial port
MAX242 +5 212 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 2R 4 0.1 No — 200 Operdine detection simplifies cabling
MAX244 +5 &/10 4 1.0 No — 120 High slew rate
MAX245 +5 810 0 —_ Yes v 120 High slew rate, int. caps, two shutdown modes
MAXZ48 +5 810 0 —_ Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 89 0 — Yes v 120 High slew rate, int, caps, nine operating modes
MAX240 +5 /8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 &/10 4 1.0 Yes v 120 Available in quad flatpack package
MAXIMN Maxim Integrated Products 1

For pricing, delilvery, and ordering Information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s websHe at www.maxim-ic.com.
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS-——MAX220/222/232A/233A/242/243

Supply Voltage (VCC) e -0.3V to +6V
Input Voltages
TiN...
RN (Except MAX220)
Rin (MAX220)... s
Tour {(Except MAX220) (Note 1)
TOUT (MAX220) 0 iiiirieeiieeeeeeeeee s et earea

..-0.3Vio (Voo - 0.3V)

QOutput Voltages
e 1 1 OO TSRO TR +15V
ROUT et -0.3V 1o (Vo + 0.3V)

Driver/Receiver Qutput Short Circuited to GND.........Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)....842mwW

18-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....889mw

20-Pin Plastic DiP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate B.70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mw
16-Pin CERDIP {derate 10.00mW/”C above +70°C).....800mW
18-Pin CERDIP {(derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

MAXZ2_ _AC__ MAX2_ _C_ .. 0°C to +70°C
MAX2__AE_ . MAXZ2_ _E__ ... ~40°C to +85°C
MAXZ2__AM__ MAX2_ _M__... -55°C to +125°C

...-865°C to +160°C

Storage Temperature Range...
-..+300°C

Lead Temperature (soldering, IOSec)

Note 1: input voltage measured with ToyT in high-impedance state, SHON or Vg = OV,
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ra!mgs only, and functional
oparation of the device at these or any other conditions beyond thase indicaled in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device refiability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Ve = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMIN to TMax. unless otherwise noted.)

PARAMETER ] CONDITIONS I MIN TYP MAX [ UNITS
RS-232 TRANSMITTERS
Output Voitage Swing All transmitter outputs loaded with 3k€1 to GND +5 +B Vv
Input Logic Threshold Low 1.4 0.8 Vv
Input Logic Threshold High All devices except MAX220 2 1.4 v
MAX220: Voo = 5.0V 2.4
Logic Pul-Up/input Current w;ept MAX220, normal operation 5 40 VA
SHDN = 0V, MAX222/242, shutdown, MAX220 0.0t x1
Voo = 5.5V, SHDN = 0V, Vout = 215V, MAX222/242 +0.01 +10
Qutput Leakage Current VoG = SHON = OV, VouT = 215V w001 o] ™
Data Rate . 200 116 kbis
Transmitter Output Resistance . Voo =V+=V-=0V, Vour = 22V 300 1OM Q
Output Short-Cirguit Current Vourt = OV *7 +22 : mA
RS-232 RECEIVERS }
RS-232 Input Voltage Operating Range 130
RS-232 Input Threshold Low Vee = 5V All except MAX243 Ra 08 13 v
MAX243 R2iN (Note 2) -3
RS-232 input Threshald High Vcec =5V ﬁ;i;iesp;::):i:feﬂzz)m _;i _2041 v
RS-232 Input Hysteresis All except MAX243, Vi = 5V, no hysteresis in shdn. 0.2 05 1 y
MAX243 1
RS-232 input Resistance 3 5 7 k{2
TIL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 Vv
TTL/CMOS Qutput Voltage High lout =-1.0mA 35 Vce-02 v
o Sourcing Vout = GND -2 -t0
TTL/CMOS Output Short-Circuit Current Shiinking VouT = Voo o 30 mA
2 MAXIN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

{Vce = +5V £10%, C1-C4 = 0.1pF, MAX220, Ct = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN to Tmax, uniess otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = V¢ or EN = Ve (SHDN = 0V for MAX222),
TTL/CMOS Qutput Leakage Current OV < Vour S Voo +0.05 =10 PA
EN tnput Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 1.4 v
Operating Supply Voltage 4.5 5.5 v
No load MAX220 05 2
Vcc Supply Current (SHDN = Vee). MAX222/232A/233A/242/243 4 10 A
Figures 5, 6, 11, 19 3k0 load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta=+25°C 01 10
- Ta=0°Cto +70°C 2 S0
Shutdown Supply Current MAX222/242 A
PPl it Th = 40°C to +85°C 2 so | ¥
Ta =-565°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 0.8 \"
SHDN Threshold High MAX222/242 20 1.4 v
CrL = 50pF to 2500pF,
R = 3KQ to 7K, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from +3V | prax220 15 3 30
to -3V or-3vVto +3V
MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay tPHLT NMAX220 2 10
o RS-232 {normal tion), S
l:'gLure 15292 {nomal operation) t MAX222/232A/233A1242]243 75 a5 | ¥
PLHT MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay tPHLR MAX220 06 3
RS-232 to-TL tion), - s
Fiiure 0 T (normal operation) . MAX222/232A/233A/242/243 06, 1 ¥
: R MAX220 0.8 3
Receiver Propagation Delay _ tPHLS MAX242 05 10 .
RS-232 to TLL (shutdown), Figure 2 [toiprs MAX242 25 10 | ¥
Receiver-Output Enable Time, Figure 3 | tgq MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpy MAXZ242 160 500 ns
Transmitter-Output Enable Time e MAX222/242, 0.1uF caps 250 us
{SHDN goes high), Figure 4 (includes charge-pump stari-up)
Transmitter-Cutput Disable Time
(SHDN goes low), Figure 4 toT MAX222/242, 0.1pF caps 600 ns
Transmitier + to - Propagation MAX222/232A/233A/242/243 300
s . tPHLT - tPLHT ns
Delay Difference (normal operation) MAX220 2000
Receiver + to - Propagation i MAX222/232A/233A/242/243 100
Delay Difference (normal operation) PHLR - PLHR MAX 220 225 ns
Note 3: MAX243 R2pyr is guaranteed to be low when R2)N is 2 OV or is floating.
MAXNLMN 3
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVALABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXTTING SHUTDOWN
10 . 1 —— 0V
8 W § ~ OUTPUT LOAD CURRENT § & oaps g
s | EITHER Vs ORV- LOADED X 10 f\ FLOWS FROMY. 10 V- - Ve VN F s
: 01uF = ALLCAPS [T & )
8 4 | Voo = x5V S — E 9 = 1{ r\_\ 8 +5v P —
& NO LOAD ON = } ~] & SOR
2 2 | TRANSMITFER QUTPUTS Z 3 LV = +5.25V & w
a8 | [EXCEPT MAX220, MAXZ338) & — =
e 0 { I ! & | acews g w
E j V- LONEDND ;g:? o F E o Vcc)::-{?sv \-' ; \‘.. 1uF CAPS
o . —— =1 [ 1
5 o e N 1| \ || -
" e _"%9—' 5 - v - \\ 0.1uF CAPS y
o BT v LA, N0 L0 N ) "
0 5 10 15 A % D 0 22 B 40 0 SO0/
LOAD CURRENT {mA} DATA RATE (kbils/sec)

4 MNAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230—MAX241

Vcc eneieneeann - ...-0.3V to +6V
V.. ..(Vcc 0 3V) to +14V
Ve e e tee et e e r e +0.3V 10 -14V
Input Voltages

TIN ettt e st -0.3Vio (Voo + 0.3V)

BN - vt cemre e rm ettt ee e e nee s ea e e e be e e aae bt arennts +30V
Qutput Voltages

TOUT evereverrer st V+ + 0.3V) to (V-- 0.3V)

BT et e b e -0.3Vto (Voo + 0.3V)
Short-Circuit DUration, TOUT «.vcvverveceee s sesane Continuous

Continuous Power Dissipation {Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/C above +70°C)....842mW
20-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/C above +70°C) .......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO {derate 10 00mW/°C above +70°C)....... 800mwW
24-Pin Wide 50 (derate 11.76mW/°C above +70°C)....... 4 1mwW
28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
44-Pin Plastic FP {derate 11,.11mW/C above +70°C) ....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C)........... 727mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C) ........
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........
24-Pin Narrow CERDIP

{derate 12.50mW/°C above +70°C).............. 1w
24-Pin Sidebraze (derate 20.0mW/C above +70°C).......... 1.6W

28-Pin S50P (derate 9.52mW/C above +70°C).............762mW
Operating Temperature Ranges

MAX2 _ _C _ _vvcininssarssiiess e 0°C 10 4 70°C

MAXZ _ B et -40°C to +85°C

MAX2 M __ .....-85°C to +125°C
Storage Temperature Range............cc..ccc.ocuee. 65°C to +160°C
Lead Temperature (soldering, 10sec)................ccuc.........+300°C

Stresses beyond those listed under "Absolule Maximum Ratings® may cause pernmnenr damage Io the device. Thesse are siress ratings only, and functionaf
operation of the device af these or any ather conditions beyond those indicated in the operational sections of the specifications is not impfied. Exposure to
absolute maximum rating conditions for extended periods may affect device raliabifity.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vo = +5V £10; MAX233MAX235, Voc = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V to 13.2V; Ta = TMin to Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Cutput Voltage Swing All transmitter outputs lcaded with 3k€2 to ground +5.0 +7.3 Y
MAX232/233 5 10

Voc Power-Supply Current | 1°19%0. . - [ MAX223/230/234-236/2407241 7 15 mA
MAX231/239 0.4 1

V+ Power-Supply Current MAX231 18 5 mA
MAX239 5 15

Shutdow}w Supply Current | Ta = +25°C MAXz23 . 1 20 pA
MAX230/235/236/240/241 ) 1 10

Input Logic Threshold Ltow | TiN; EN, SHDN (MAX233); EN, SHDN (MAX230/235~-241) 08 v

. TiN 20
Input Logic Threshold High EN, SHDN (MAX223); 24 v
EN, SHDN (MAX230/235/236/240/241) ’

Logic Pull-Up Current TiN=0V 1.5 200 pA

e et vlace o | v

MAXI M 5
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vo = +5V +£10; MAX233/MAX235, Voc = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,
Voe =5V £10%; V+ = 7.5V 10 13.2V; Ta = TMIN to Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
- o SHDN = OV (MAX235/236/240/241
RS-232 Input Threshold Low A= ¥2C. ( ) v
cc= Shutdown (MAX223)
SHON = oV, 06 1.5
EN = 5V {R4)N, RSIN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
= o SHDN = OV {(MAX235/236/240/241
RS-232 Input Threshold High Th =+, ( ) v
cc =5V Shutdown (MAX223)
SHDN = QV, 1.5 Z4
EN = 5V (R4)N, R5|N)
RS5-232 Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 05 1.0 v
RS5-232 Input Resistance Ta = +25°C, Voo =5V 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 1.6mA {(MAX231/232/233, IoyT = 3.2mA} 0.4 "
TTL/CMOS Output Voitage High louT = -1mA 35 Vco-04 v
OV < RouT s Voe; EN = 0V (MAX223);
TTL/CMOS Output Leakage Current EN = Vo (MAX235-241 ) 0.05 =10 HA
MAX223 600
Receiver Output Enable Time Norma‘r ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Qutput Disable Time Norma} ns
operation MAX235/236/239/240/241 250
RS-232 IN fo Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT.| SHDN = oV tPHLS 4 40 us
' CL=1500F | (maxz23) tris 6 - @
MAX223/MAX230MAX234-241, Ta = +25°C, Voo = 5V, .
RL = 3kf2 to 7k, CL = 50pF to 2500pF, measured from 3 5.1 30 .
+3Vto-3Vor-3Vto +3V ' : -
Transition Region Slew Rate Vius
MAX231/MAX232MAX233, Ta = +25°C, Vg = 5Y,
RL = 3k to 7k, C| = 50pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Output Resistance Voo = V+ = V- =0V, VouT = 22V aoo 0
Transmitter OQutput Short-Circuit
Current 10 mA

6 MAXIN




+5V-Powered, Multichannel RS-232

- -
Drivers/Receivers
Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER QUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vou) ¥s. Voo DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 74 120 - r .
’ mkswms § 8 1 TRANSMITTER LOADED T, = 425G g
LOADED / 72 E "o p— \lk rgc A&gv&—s :
R =3@
80 } e " )% 100 €1-CA = TF —
: ~ = \ | |
1 TRANSMITTER />>(' g 9 m—t— 2 TRANSMITTERS
s o] S 68 | reutive = LOADED
RE ' IS = wioicrn " | N = 8o \
= e MITERS b = 65 1 ooaditsssec =9 Zz [ \\
LOADED | = 10 N,
1 TamasC 64 |-Ta=+25C 3 TRANSMITTERS \\\
70 C1-C4 = 1pF ' Vog =5V 60 [— LOADED | N
- / TRANSMITTER gz |3 TRANSMITTERS LOADED 4 TRANSMITTERS h
4 TRANSMITTERS LOADS = R =Z0 30 LOADED N
o LOADED | 3 2500pF oy LCCAz ‘0 ] |
Y 50 55 0 S0 1000 1500 2000 2500 0 50 W00 500 2000 2500
Ve (V) LOAD GAPACITANCE (F) LOAD GAPACITANCE {pF)
TRANSMITTER OUTPUT VOLTAGE (Vo)
TRANSMITTER OUTPUT vs. LOAD CAPAGITANGCE AT TRANSMITTER OUTPUT VOLTAGE (V+, ¥V-)
VOLTAGE (Vo) vs. Vo DIFFERENT DATA RATES vs. LOAD CURRENT
0 y . 40 r 10
4TRANS: Ty =425 § Ta= +25°C § s e 1%
o MITTERS  C1-Ci = Iy | 62 [Fygg sV i :
LOADED — TRANSMITTER 3 TRANSMITTERS LOADED / ] Ta=+25°C -
\ LOADS = 6.4 Ry =3k 7 P Vg =45V 4
0 P e 3KE2 1) 2500pF Ci-C4=1yF S C1-C4 = 1uF
\ 56 i / = 12 ~=4~V- LOADED
) ’\\ P = 160kbits/sac P : Ve AND V- NO LOAD ! || V+ LOADED,
g7 <] £ [ sowiv y o 0 [ravawy ool NOLOAD |
1 TRANS- % 20 f— e = g [LOAED R V-
80 | MITTER ~] ’ 4
LOADED / \ -72 /// e Pld F -
o M&“‘ﬂmﬁg 74 i N §ied [ 4T
MITTERS i 7. 3 -
o LLONED  LOKED T e —1 ) {0 LT[ AL TRANSMITTERS UNLOADED
90 . - -
45 50 55 0 S0 1000 1500 2000 2500 D 5 101520 25 30 35 40 45 %0
vVec V) LOAD GAPACITANCE (o) GCURRENT (m#)
Y+, V- WHEN EXITING SHUTDOWN
{1uF CAPACITORS)
B =3 4 Ve
i i i i i i 0
. ; v
- | : _ o
S00MsAtiv
*SHUTDOWN POLARITY IS REVERSED
FORNON MAYX241 PARTS
MAXIMN 7
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+5V-Powered, Multichannel RS-232

Continuous Power Dissipation (Ta = +70°C)

28-Pin Wide SO (derate 12.50mW/°C above +70°C}).............TW
40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...611mW
44-Pin PLCC (derate 13.33mW/C above +70°C) ...........1.07TW

Operating Temperature Ranges
MAX225C_ _, MAX24_C_ _ ..o 0°C to +70°C
MAX225E_ _, MAX24_E_ _ ....-40°C to +85°C
Storage Temperature Bange .........oceeeveeieeinees -65°C to +160°C
Lead Temperature (soldering, 10S€C) ...c.coveeviviiriveninn, +300°C

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MA X249
Supply Voltage (Vcc) ... ...-0.3V to +6V
Input Voltages
Tin. ENA, ENB, ENR, ENT, ENRA,
ENRB, ENTA, ENTB. ..o -0.3Vto (Voo + 0.3V)
BRIN ettt e ettt eas et ettt erare e reesenean +25V
TouT {Note 3)....
BOUT rveeteiiie et
Short Circuit {one output at a time)
TouT to GND Continuous
RouT to GND Continuous

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vii = OV,

Stresses beyond those listed under “Absolute Maximum Ralings™ may cause permanent damage to the device. These are slress ratings only, and funclional
operaion of the device at these or any other conditions beyond those indicated in the operational seclions of the specificalions is not implied. Exposure to
absolute maximum rating conditions for extended periods may allact davica reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 _
(MAX225, Vci = 5.0V £5%; MAX244-MAX249, Voo = +5.0V £10%, external capacitors C1-C4 = 1pF; Ta = TMiN to Tiax; unless oth-

erwise noted.)

PARAMETER | CONDITIONS [ MIN TYP MAX| UNITS
AS-232 TRANSMITTERS
Input Legic Threshold Low 1.4 0.8 v
Input Logic Thresheld High 2 1.4 v
Legic Pull-Up/tnput Current Tables 1a-1d :ﬁ::;lv‘::emum :;(()) " i? LA
Data Rate Tables 1a-1d, normal operation 120 64 | kbits/sec
Qutput Voltage Swing All transmitter outputs loaded with 3k(2 to GND +5 7.5 v
Output Leakage Current {shutdown}) Tables 1a-1d pA
Vec =0V, £001 25
Vout = =15V
Transmitter Qutput Resistance Voo = V+ = V- =0V, Vout = £2V (Note 4) 300 10M Q
Output Short-Circuit Current Vourt = 0V +7 230 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range , +25 \Y
RS-232 Input Thresheld Low Vceo =5V 0.8 13 \Y
RS-232 Input Threshoid High Voo = 5V 1.8 24 Y
RS-232 Input Hysteresis Voo = 5V 0.2 0.5 1.0 A
RS-232 Input Resistance 3 5 7 k2
TTL/CMOS QOutput Voltage Low loyt = 3.2mA 0.2 0.4 v
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vee-0.2 v
TTL/CMOS Output Short-Circuit Current 2‘;::;‘(';“9 \\’f(’;JT: 3:? "2) '313 mA
TTL/CMOS Output Leakage Current ?:g,:z' iﬁ':}'g&ﬁg’?:\fgg'erﬁﬁ_ Ve +005 :0.10| pA

MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS-——MAX225/MAX244-MAX249 (continued)
(MAX225, Voe = 5.0V £5%; MAX244-MAX249, Vor = +5.0V £10%, external capacitors C1-C4 = 1pF; Ta = Timin to Tarax; unless oth-

erwise noted.)

PARAMETER [ CONDITIONS | MIN TYP  MAX [ UNITS
POWER SUPPLY AND CONTROL LOGIC
MAX225 4,75 5.25
Operating Supply Volta
peraling Supply Vollage MAX244-MAX249 45 55 ] Y
MAX225 10 20
No load
Vce Supply Current MAX244-MAX249 1 30 A
{normal operation} 3kf2loads on | MAX225 40
all outputs MAX244-MAX249 57
TA = +25°C 8 25
Shutdown Supply Current A
upply Cu Th = TMIN 10 THMAX 50 | ¥
Leakage current +1 LA
Control Input Threshold low 1.4 0.8 y
Threshold high 2.4 1.4
AC CHARACTERISTICS
- CL = 50pF toc 2500pF, B = 3k{2 10 7k, Voo = 5V,
Transition Slew Rate Ta = +25°C, measured from +3Vto -3V or -3V to +3V 5 10 30 Viue
Transmitter Propagation Delay tPHLT 1.3 35
TLL to RS-232 {(norma! operation), ps
Figure 1 tPLHT 1.5 35
Receiver Propagation Delay {PHLR 0.6 1.5
TLL to RS-232 (nomal operation), us
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (low-power mode), Us
Figure 2 tPLHS 3.0 10
Transmilter + to - Propagation .
Delay Difference (normal operation) | [PHLT = IPLHT 350 ns
Receiver + to - Propagation } 3 ns
Delay Difference {(normal operation) tPHLR - IPLHR =0
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Output Disable Time, Figure 3 | tpr 100 500 ns
MAX246-MAX249 5 us
{excludes charge-pump start-up)
Transmitier Enable Time ter
MAX225MAX245-MAX249 10 ms
(inciudes charge-pump start-up)
Transmitter Disable Time, Figure 4 toT 100 ns

Note 5: The 30002 minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Voo =
0V is 10ML2 as is implied by the leakage specification.

MAXIMN
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MAX225/MAX244-MAX249
TRANSMITTER SLEW RATE CUTPUT VOLTAGE
vg. LOAD CAPAGITANCE wva. LOAD CURRERT FOR V+ AND ¥-
18 o 10 -
N Vog -5V g B s— g
= 16 3 vempv-0000 | T M B
g ., N\ 6 f EITHERV+ OR ]
o N EXTERNAL POWER SUPPLY = 4 fygesv V-LOADED ]
FY) N 14F CAPACITORS @, | EXERNAL GHARGE PUMP
& N\ = TuF CAPACITORS s
& 10 2 g | sTRANSMITTERS =
& \\ DATA RATE = DRIVING Ske2 AND =
E & TRANSMITYERS | & 2 ["20000F AT 20kbits/sec
3 \LDADEUwrrH [ B 4 i i i V- LOADED
§
E N 6 [VrANDV- LOADED——pmmmr =]
4 N % e
) 0 Vs LOADED
0 1 2 3 4 0 5 0 15 2 X N B
LOAD CAPACITANCE {7F) LOAD CURRENT (ma)
10

4.0
B.S5
8.0
15
70
6.5
64
5.3
50

Typical Operating Characteristics

TRANSMITTER OUTPUT YOLTAGE (V+, V-)
- vg, LOAD CAPAGITANCE AT
DIFFERENT DATA RATES

Vee = 5VWITH ALL TRANSMITTERS DRIVEN

S

Lmnmmmrm_g

>

| f0dsec ]
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AN

N\

[ )
|

N

™
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LOAD CAPACITANCE {nF)
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w3V N 0%
INPUT N
; : Vee
mmma /- 50%
s 3 - GND
ouTPUT ! o : P
' : : IpHA I b et
: s —— > -— —_— tpins
tpLHT ~— — —_— — tp 7
“EXCEPT FOR Rz ON THE MAX243
WHERE -3V 1S USED.
Figure 1. Transmitter Propagation-Delay Timing Figure 2. Receiver Propagation-Delay Timing
7]
Ry OUT 1k
Ry IN o Voc - 2V —_
x h’ ¢« o —=—
) TEST CIRCUIT oV
150pF
- av : —_— Lat—— QUTPUT DISABLE TIME (tpr)
ENiNPT ——— |} Vi R
| o W 5 < +5Y
—i  f—— OUTPUT ENABLE TIME (ir) P v
i ] L] 1
e . | 7!
RECEIVER /0 N
OUTPUTS A H !
P a) TIMING DIAGRAM
b) ENABLE TIMING Pl
+aV &
& inpuT — & : 10RO
- e OUTPUT OISABLE TIME {pn) 3k 500F
Ve i I
koo VoH - 0.5V L
RECEIVER : Ve - 2V - -
OUTPUTS !
e Vou + 05V b) TEST CIRCUIT
Voo '
¢) DISABLE TIMING '
Figure 3. Receiver-Output Enable and Disable Timing Figure 4. Transmitter-Output Disable Timing
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SVINPUT (3
TOP VIEW ——3k
ST
— = |
Cls II EV{:C leli(}h +5V¥8C+IW vl 21 v
ve 2] 15] GND ’l;f- C1- VOLTAGE DOUBLER
G- T Lt aovTo-1ov |6 -1V
E araa.aa |14 Ten C25C 5| cp- VOLTAGEWVERTER  © | L g4
cee [4] ﬂ%ig [13] Rim = L
c[5] maeza |12 Ron 400k
v 6] 1] T 1] Tiw > Toyr |#4,
5v
12 T2 TIL/CMOS * R§-232
aun {7 10] an INPUTS 40k OUTPUTS
A2y | B E R2oyr w10} T2 >u Tour |7,

DIP .
/SO - J2| R < o fim 13
CAPACITANCE {uF) TTLACMOS é{,k RS-232
OEWICE_ Tl _C2_C3 ©F G5 QuTRLTS s- INPUTS
CWAXZZ0 A7 47 1010 47 <3| R2our < L L
MAX232 10 107 10 10 10,
MAXZ32A__ 01 01 01 01 01 Sk

GND
ARE

Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit

+SVINPUT g3

TOP VIEW
o[

17

ALL CAPACITORS = 0. 1puF

Zz VG 3w
_ . _ L0 VT av *
— (NCIEN [1] 0] SHON m’t% Ci-_ VOLTAGEDOUBLER "
(NC) B [1] 18] SFER e+ 2] [19] vec ey 2 qovto-v v ?1_,'"”
oz 7] Ve v 3] T3l 6no “T 3 €2- VOLTAGE INVERTER EL:64
e sjow - [] a7 var L oo |
o maxam[slrar  [5] Mz [ ' '
MAX222 -
lo] JueZ  lul o ¢ [g] Sl f e RS-232
c2- [g] 113] Rlgr v-[7] [14] Rtosr ~ INPUTS OUTPUTS
v[7] 12} i Towr [ 3] i3] wc.
T2 {3 1] T2 R [ 9] [12] 1w
2
N E [10] Rzoor  2anrr [0 1] T2m TTL/EMOS
QUTPUTS
DIP/SO SSOP

{ ) ARE FOR MAXZ22 ONLY.
PIN NUMBERS I TYPICAL OPERATING CIRCUTT ARE FOR DIP/S0 PAGKAGES ONLY.

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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