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2 el (Bodi)  mo uRwEd (o Baokd
3 hua #DY (Battery)

317 3.1 uemedauilsznevveaeszuLI Y GPS

4 Qi QU A Y =t L] L2
3.2.1 6304 (Body) dnvaizduniacimldeuiieg 2 dnuug Ao

o : 5 A { ¥ )
1 danseanuduiesl dudruazveuniosinfonldanuds Avesiiseudas

¥ r = = z_\s.' o ¥ Q é = ¥
Wa“iummmﬂ AT AIN amngﬂw"lmmﬁm'lmufuﬁlmwmawmmmﬂ “I)’Qﬁ.}“ll”lfﬂi«mﬂx‘iﬁﬁ’iﬂﬂ’lﬂ

, 1 4 d i 4 2 o
wevaregu Taeuiuiidsimunduie s ldsunsunaaani luduoaos Fabahimsly

a A 4
VU UTEAINUINNTU
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U7 3.2 dueFeammndis ogul

-

[
1

[ w aAA 1 g;‘ & o [} 1
2) GPs Tuga iludnwmzvesgrs Allmwizdr lugamiviu Fadududaui
r 1 'W é [+] J ar 3 Q
Uszwanae isumnnneio Gps FelumsszihdeyanIdSumstszurananldiusuiiv
H 1 1 a4 A = £§ =\
fgdosrodiudsyutanaldiiudle Feenwzduneufiunes PC nTo Notebook Heii Tulsuasy

H 1 ] r 3
wwufiegan idon Tugafvgamnsavhuuaasuunnud 18 (lucesildulas swil

JUN3.3 dnywe GPs Tuga

3.2.2 dulrwasau {Power Supply)
AunameSuunnseuaasg

3.2.3 I8N (Antenna)

{ 4
3U93.4 seeImeueunio GPS
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3.3 MUV GPS [16], [21]
o g 4 1 ' g 3 = 3}
waMIAUEINYDL GPS IThuisedn 4 uagiinselvouniesdiognatrsiudwinmmsdu
g1 M Gps fis
33.1 msmﬁ'uwﬁ'nﬁugm%d GPS : Satellites Triangulation
ot =] L4 o o o A o 4 [ o o
HaANAT @1 iloY GPS Nnalls sz idn M ldmTeafudyam Grs s defy
9 - . . o o o
Faynua1an23 Tuy iR uUY Satellite View Promadseidive wmiifioniuse safioy
Navstar GPS 11 DoD (Department of Defense — n3&n1329na1 TvnuewmsTou) saosiu hliulvianuai
[ Ed ]
sl 24 anadiidaldmsed  Judwaiidiuaifoudisssmiuai sdutanlefidiuay
o 0y 3 s :J’ = 5 z L= T
dszdrmruieiiu 24 Hellmswasmsmiugndsiiu llduwil 78 uazudazanfionsms 1w 10
a A i t ¥ =4 Eil ) T oo {
1 arendeitievinnqiivaasiildestu hlsamoamauivuiinueeigllaruiios Gps Tuegiud
: p P . Zan Ad
udazainesseulanasuniisseunn 12 %2 Tue BnsdmuanaTaes Warafiouiadduaiin
1w 1 <4 o ' o ' 2 a a a oA
aqunsznegia lanliheuthunmla u dumisladumimitauilan szlinrufivuegmile
1 - » 1 o 1 ) as w g ] =1
iduypuiisiraipsianesdidygranimunmiosu GPs Taumofsd e aufion
Tusammilugadeds udrinTzozananadion 4 aae nazldvdnmsmasvada lunsduanm
(3 f ag
dumiauuny Tan
4 o o T y o = T
w3vaiy GPS seanmsnuendumsldfuduiiudoariuadisustiiniosmuate uaze
T 4 = { =1 ooy
mnsnuenanuge landelemiunisid Tnudiin1aiioy 4 arees tddoyalu 4 §6fe XY,z T
ok o ¥ v o9 ¥ o o = -g da o 14 o [} 2 1o cg
Favzmhimudwn nezhvaiumafisueesiungdaitiimusevend i ldutuswu
4 ¥ . ' A a1y 3 E g o 1o £ 4
uennntiudidumiavewiaiion iy lahuasiunianud iy Tav snusiudresyiniuie
Yo o 4 oA ¢ t 8o ' o Y &4 ar =
mlafudygnnnmafienegluduminszaelvituinng - lunszynd dunfesiu gps 3
=4 o o = i o
Satellite View a1afisns luiunuezifluaiflosiisgiiaraus uiluyuies 45 03m 2aueneziiy
- 4 g 2 ¥ A od A 5 ¥ o ]
srAumitaduvouiidndos mudionfioguinuasluse Ianuduvosdyg mnigams
- £ = Hq g 1 = K 1 Ao Ve
sgmitous iy ilisres e lndnimaz Temadiez Tautisiiies druamufisuiiiuoguinue
1 Vow Al Yo = ¥ ¥ T 1 1 o = Hq 3
uonvzegr Inand Fygruiidsuszlianuduiosni uda o nurmeniiunasi1d

ANUIIUHININA A WMRaRna a7

33.2 madnazarmessyamiesiu GPS Aumifieu GPS
Taoms assuznminauingldlumsfunann aaivsginiesiuldnardunmaves

A o
ABUINY
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ANT : F2UENE = A3 x nanlaauma

A = .
AauINg A7 = 186,000 Tuddeuni

3.3.3 ms%’mzﬂxnmﬁﬂf"\‘u?wqh’i'!unmﬁumwm GPS

axdealFinAmAuiugunn 1 PRN CODE innﬂ1mﬁﬂuﬁi’fﬂy‘mm1ﬁﬂﬁut%;uﬂaﬂtﬁuww
vinafuiendudyapannarifiunzadudyyunnniesiuGPSi Synchronize Az9z
#eld Atomic Clock Tumsiana dnmadlflumsdumezdnnmlszing 0.06 Surd Ao
naeuniasiy GPS x nmwesmaiien daumsuendumis GpS Fuflunmiianuniueuds

-, L T = . 1
10 W Tu v ean

3.4 audyauMAMIANEN GPS
3.4.1. POUWIHE {(Carrier Code} ﬁiﬂﬁj 289D ap
- L1 Code Fa5inuA 157542 MHz

- L2 Code H35AMUA 1227.6 MIlz

3.4.2 Pseudo Random Noise Code Y35znouda

- C/A Code (Coarse / Acquisition Code) Falnawd 1.023 MHz

modulate FUAAUN MY LI 11 HUVYDIAAY (Pattern 493 0,1) ﬁmﬂf?m f 1023 bits
plunuvesnausnaiiisudazalaidnuuzmnizda Tidrdu Wludansvesmadou (
Standard Positioning Service)

- P-Code (Precision Code) $afin1as} 10.23 MHz

modulate FUARUWIME L1 uaz L2 Fmsdisia il Y- code T Anti - Spoofing modeineq
FuezAosdgunsal lunsasaswa Y- code Sevzanso uswaldez ¥ lufenisniamns
(Precision Positioning Service : PPS) fifivz 1dasdoaldsumsoyaneniginammignou

- Navigation Code Gélﬁﬁﬂ:lm?’l S0 Hz

modulate fUABLWINE P-Code a2 C/A Code fidoyalalnssveaminuiioy (Ephemeris)

o 9 . Y 4
ﬂTi‘!J'i‘ULEﬂL’Jﬂ? (Clock Correction) Lmzimn"aﬁufwaﬁznu

gubumunzdonio
smiwnSomaTy Tedgsufl
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L1 CARRIER 1575.42 MHz

VAW WA > L1 SIGNAL

C/A CODE 1.023MHz
JUPHRTL AU UL e ® Mixer
NAV/SYSTEM DATA 50 Hz

@ Modulo 2 Sum

P-CODE 10.23 MHz

ML W-———--xX+)

L2 CARRIER 1227.6 MHz f
AWML XX)—> L2 sieNaL

319 3.5 GPS Satellite Signals

\ L
3.5 N1 deyadn GBS luga [18], [19]
T ] A o O oA 1
msmumﬂﬁ'mgammﬂiawuﬁﬂgtgmﬁ}wmﬂ {GPS Module Receiver) waa{ﬂauﬂiu
(Serial Port) L5 1z 1991935 F1Uv84 NMEA (The National Marine Electronics Association) Whuuasg
N & ) { g T . . ar 4
gwlunsddeya & NMEA dhanasgufsonsulumsdsdeya Marine electronic Tfun3eq
“ s 7 Y - ) & ' ¥ .
aouRaesHIBRilnsaidus doyaimisefudy g udieadiuiszilsznaudiy PVT (position,
. . ] i 4 o ' '
velocity, time) Hadoyafidenazlianyasdinlmifondt Sentence MIRTF M YBIUAAZ Sentencens
e:%) LY o 1 1 & = Q 1 Ao A o
FupgiuginsaiuaazuniouiEnudseddnuaeiiluuiesgivees NMEA uaznaqilse Ton
& o - v A& v
NMEA9sldpalionusdudu (Prefixiflumsdmunriavedilss lToaNMEA dmiumiosiuifion
o w 4 v v A A . L .
WWERONUIVUAUATIE GPB U A LC=Loran-C receiver, OM=0mega Navigation receiver,

Il=Integrated Instrumentation (eg. AutoHelm Seatalk system)

PorrvavestszTanNMEATaeiia Tfisadl
1 g A L]
- Tundnz sz ToANMEAY Aoadududlnioanung § Avuprefix
- uaazalse TeaNMEA azdaalinnuer hifu 80 8nvse
A
- 510N YBITOYAIL AUBNA AT DIUUTBADNN,)
Y a4 Y .
- Yoynvziidnuaeilus W ascii
'S A A P r 9}
- doyaszldoralasauanuiissassnussgeg udaain
P a A K A ra ' ' )
- 1715 checksumNMeSentence 490 1992FANT 0 TiHn Tasntiiensendoya
) A e w
- A3 checksumi}SLNOUAIIATOINUY * LAY DN2AUAVFIUI6(HEXWaadNTexclusive

9
OR 484 DNYTLNIHUN
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MIY0UADhardwareDd GPS modulede U1 serial communicationTaeld RS-232 1Fou
o = & o -3 o_ @ A 3 A 1 ¥ A o
aafrunouAunesN3 i desmamoihdygiumesdudieduduiididoyaoonnGes uag
1 1 1 )
Ground Hifeaensdlmiiuiie MmadunslunisSudeyanngilnssiound1d2GPS module
arnuid lunisdedeyaseiinsdivldanwmasgiulasdinlngAnufiuduia ldfouny
. . ] o = P
0183[4800 baud rate,8 bits of data, no parity, 4% I stop bit] ¥IIENIUTYY 1Y AS) L IUIN 137

=]

A g r ] D‘ & 'y 1
awsalfuiasguduad ldmnsidesnsdasnsdadeyaiiganSadnddl iy uuuo1so uay

@

0182[1200 baud rate,8 bits of data, no parity, 402 1 stop bit]

3.5.1 NMEA Sentence [18], [19]

o o = A o 1 :

Ailuduvas ilse ToaANMEA Aewilnvostayaiindmuadiusuvesilsz TvaNMEA Tag
udazrilnvedtoyavzgniiue las WInITIUYEINMEA wuilss Ten GGA 1w ldlumseizsde

{ -4 o/ 1 =y Q) & o o
yandfin) IFUNIAVBIGPS Module Tuilsg Tondusprvaziimsuendoyaludnuuzadien duwiia

¥
. ]

Joyaveulsz TanNMEATY GPS-module gy fideil

SGPGGA
$GPGGA,123519,4807.038,N,01131.000,E,1,08,0.9,545.4,M,46.9. M, *47

GGA Global Positioning System Fix Data(1912 944 ﬂﬂuﬁﬁﬁiﬁ'ﬂg)
123519 Fix taken at 12:35:19 UTC

4807.038,N azAgA(Latitude) 48 DeAuHile 07.038 Alan
01131.000,E avAgA(Longitude) 11 BefNA FUBON 31.000' Atla

1 =fuagunm L0 =NANA R

1 = GPS fix (SPS)

2 = DGPS fix

3=PPS fix

4 = 701979904 Kinematics

5 = VABWRTK

6 = Y3LUUM3 (ﬁmammséuqm
7=aIAY input

8 = Simulation



08 Suuvesndoniitimsdaa

0.9 AmuioInswosdiumialuuada

5454M anugamilesyinihmziagums)

46.9.M mmqamﬁasxﬁuftﬁ'ﬂmm NTINaNYDs [anuUy WGS84(1uaT)

47 A3 29HAT VB A(checksum data), AUAUIITH LD
$GPGSA

“3GPGSA,A3,04,05,,09,12,,,24,,.,,2.5,1.3,2.1%39

o
GSA Hoyan ufivusianue
A 1aenlavdn TuiiA 2D w3e 3D fix (M = AIURUIBY)
3 3D fix — ANz ABUAIL: | = no fix

2 = 21IA(2D fix)

3 = 39IA(3D fix)

04,05... s¥ar PRNs vosa1iiowgnldifons smuacix) uormald 12)
25 PDOP (mmaﬁmma)

1.3 anuiivens iy (HDOP)

2.1 Anuifowms iR (VDOP)

*39 @1nﬂwﬁiamaﬁfﬂga(checksum data), ﬁuﬁuﬁqa*snuﬂ

$GPRMC

- $GPRMC,123519,A,4807.038,N,01131 .000,E,022.4,084.4,230394,003.1, W*6 A

RMC vendoyatidniiqavoIGs

123519 fmuan Izl 12:35:19 UTC
A AUy A=W191U 30 V=1ne
4807.038,N azAge 48 parnie 07.038 Aven
01131.000.E AD9ATA 11 0arAzTUBDN31.000 A1)
22.4 A Tantknots)

84.4 yavea Anmnaradioy lumisveam

230394 Tuh 23 weu3 unw) 1 a.e.1990

16
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003.1,W msaasumlasoaauuudivan
*6A A329HA T INYOTBYA(checksum data), YUALA I TUD
S$GPGSV

$GPGSV,2,1,08,01,40,083,46,02,17,308,41,12,007,344,39,14,22,228 45*75

GSV %833ﬂﬂ101ﬁt1ﬂ’§ﬂfﬁ‘lﬂﬂ:ﬂ§Elmﬂﬂ
2 smiveatss Tondmiudeyatonun
1 sz Toait 1492
08 i'hmmmﬂmﬁayﬁ%’n"lﬁ
01 SruunTufiouPRN
40 YUY (evaluation), BIF
083 3UNA (azimuth), BIA
46 1 SNR - Baggatien .
dmdu 4 mudoualde 115z Ton
*75 A5 19Wa 3 v0dya(checksum data), SuAuUF 10
$GPGLL

$GPGLL.4916.45N,12311.12,W,225444 A *31

GLL dumianaglaeas, azdganaznoadyga
4916.46,N avAQA4Y DarIMile, 16.45 F1a)

12311.12,W  aoadgai2zesmaziuan. 11.12 adm

225444 fMuuURAINIaT UTC 22:54:44

A Toyara uie v aaolimhan)

*3 A379Wa5 VI oYA(checksum data), FLUAURIUHALD
SGPVTG

$GPVTG,054.7,1,034.4,M,005.5N,010.2.K
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VTG nsanae Tnesavafion uas e lan
054.7,T HANTARATLRE IRITAT AW

034.4M HAMTARATLN 1AM I sULLILUIED

005.5,N At Tan, viaetien Gaots)

010.2,K m’mﬁ’muﬁuim, Alawasdedalus

3.6 MslY GPS luszuuihmsdmiugnumnuzenay

¥

] o . . oA :d' 9o o td ] =
WHITUUBITEUUUITON (nav;gatlon system ) ﬂﬂﬂigﬁﬁﬂﬁlﬁvﬁl]W'i'Uﬂ"lﬂﬂ'ﬁmﬂ'ﬁlﬂﬁﬂ1—11’]

L

1 &
Aranth S uniei ldannsaamaiuszdesauisous nfsmatazanusvesmsdunma 14
T 3 fh T ¥ A (] 1 .
uazdisfesoniaiiiey TAsganuny 18dae Usinmdes wgnia lngldwudesiiorhad 1din

¥ v o
FnadumUeT i ms 895U GPS wazusunUy CD-ROM fitiuneufinmedszdoy

]
=1

agdoyait ldnndiudien Tlianugadesduduiniaa

GPS NAVIGATION

P H Dona 871094

51171 3.6 52111 GPS NAVIGATION
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1o w a & . y
solddusummusiddannnsianiisluse vy Tasmsuazvudddu Iassailifiulass

sduuuumaiue GPs wiamsszvuanden e W leommwg ludsemeing msuaana
3 v v
éi'mmi\ﬁa"lﬂ“luﬂmﬂﬁ’“laaﬂﬁmﬁﬁﬂzﬁﬂﬁmi’fma"Lﬂﬁwﬁ’ﬁmg'ﬁﬁumﬁﬂﬂuﬁ'a dmnsag

] dl r L7 -] at A
SumisiuiuouvesiusAaunsath lihlszgad 19fuginselouluszuusa W14

3750

=h.

1

el
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UNN 4

Talnsnouinsaaes (microcontrolier )

) d
4.1 ozlsnelulasnoulnsalaes(iol
. . . ]
4.1.1 avinvsneved lulnsnauTnsaioes
2 . & A de s o A A
lulasaouTnsmass ( microcontroller ) iiludevosgunssididansetinduvuniiaiis e
wihnlznana wisdnunuadamaasuazasin 2es sudyanaduwn 293 Todyain
©WHA A wesfulindygnan@nlidedu wilannsedi 1 M Fouumuias
Bidanseindidudeou1dfuetied Froansmaugilnsalunzuvinavsszoy luvasiifideany
asags Muldadsanahnnsay
o 0 Y . R &
luTasnouTnsamesinnndr 2 Asaudude “luTns” (micro) Fmuedelulns Talnwa
¢, =4 o Y o I v
1907 (microprocessor) Faflugainsaltszuranadoyamnada mulutsznouds mismlszura
HANAIINTDFY ( CPU : Central Processing Unit ) HUeR U 1antiafnaas uazanin (ALU -
+ + - . & 1 4 3 3 = L) o & A o T
Arithmatic Logic Unit) 3995158 uaoniaea11ud1 nazaes dygrauiian dndmilsdedii «
v o 3 Y
nou InTaans” (controtler) Munedagunisinrugu fuiuluTnsnou Tnsamossauiiugnsoliilg

o « 4 . -
Tumsmugu Tavimunaodou Tdsunsudodmuagiluvumsmugyidedsdass

3 P R S RETE Y Ry ANAn . )
WafnEuve wadmeign
1 Tusunen dayn
< R ] > .
: ) .'Im. o szl sransaig WM EA TR
E; . (=3 M LR |- "1 I -
Lo - Alle RTARduaEaRan
g | G ey s ALY

i

F4as finiin
ey egnaanfna

' &
JUn4.1 TnseedwiuguveslnInseaouInsaned



21

2/ d
4.2 TnssaHamazamifagnssuvedlulnsaeulnsatans Mcs-51 uuuuras([10]
. g .
YulasneuInsameiassga MCS-51 Falinvaarudinisludunuvuvay (fash
21 ] ¥
memory) 483 Atmel Corporation i3 ¥ududae ATS9 manah 19 1uTaznou Inramesuyudilu
& o w2
masoudmelranlyTnineuTnsamoinrzga Mcs-51 fanofunmnlsznsdsil
4.2.1 wiwarvd TsunsumeludrlyInsneuInsamesdlunuuuday hidmusoay
Ed 3
gozdoulni ldiudunse SarnsalFaulusiluusesluTasnouInsames Sildur ldde s
M e ] ¥ ¥ L= o ¥
wiannudimsuen dwaldannsalfounedaduyaierdyavedlyInanouInsames 1ded1
@uszdninm
¥ : a s ' ] 1
422  supuuaznmlumsdanssuy i Insnou Tnsamesanasediann tiswinly
¥ 4 A o o = s - o
doaldnsndioianndmandyamefuaziniosTsunsudwsau
M oa 3 o L) 3 & qy o =)
423 usHvnfwda ldvimanialulnsnouInTamesaszgailesnumaeed unsd
anwannsouanardu ) sridimadonlums Idaugs
9 1 o s & o o
424 ﬁ?ﬂﬂ’lﬁ‘lﬁfﬂu?ﬂﬂ?]uﬂ]ﬂ"lﬂ?uﬂqullliﬂiﬂE)UTﬂﬁﬁlﬁﬂ{ Tl'lsiﬁiﬁ'lﬁ"iiﬂﬂﬂ*'ﬂﬂuﬂ"ﬁﬂﬂ
aendeyaveamiiwanudi ilsunsuladhiedeg
425  TuvnamesveslulnsaouInsaaninndna lay Atmel aunsotims Tsunsude
yaluniennudr1dTasii ludesnoada luInsaeu Insamesoanniims Talsunsuln uie
] 1 A . N % o A '
Fona msTusunsuluaes nie luszuy (n-system programming) M limswannmienmivoy
g1 ansasumstfulsmesilinsadeyalumirennuiilsunsuilfedeazaan meldsu
Ay @
Usznai ligatin
1 ¥
426 gamdwazrnilasnssuiugnamilousylulasnou Tnsamesaszga MCS-51

[73P-N .g' [N} - o o = W oo
yosfwindy luhsufluduma, Fumd 3o anda

d

4.3 paumniaveslulnsnoulnsamesnszga MCS-51014n34 AT89xx

- FuluTnsnouInsawein 143 Rgyuia 8 n

»
- moTuiivbeanui Ilsunsudluimayeranseavuaziivu lna1dwuads
4

- mhwsmuidoyafupudhumiiennusuwousy hneeseeimieanudwund

anToURLAY
o = 9F b4 3 = o
- awesadluuunaesirm aunselfmedin ldi Buyauazie e
= 4 d o
- Theesfomsoyniunuuyagwans

-Inedaanimeiaung 16 Dasination 2 #2
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- gunsesesfuunaIduiindumesUA 14 6 Uszian

- mmmwwﬁﬁ:wmm%mwuamﬁmﬁu"lﬁqmﬂ 64 Alalud
- Hhavsfufiadyaranninegnuludyl

- ﬁ'mﬁéammummmu SPI dhmduluoynsy ATROSxx

- fhondaon Inwes lud dmsuluaynsy ATS9Sxx

4.4 msvanveslulnsneulnsainesnszga MCs-51

uTnsaouTnsanesnszga MCs-51 yowesasfianiinons suuazurldaniigmamilow
fu dauemalug il a2 TaviineazBuntudus

 Vee Wemiude IWifne +sv )

0 GND dunns i dmiudesunsisuesszuy

nwosa 0 (P0.0-P0.7) § 8 1 idazsnansafmua i i unmuaziordwadmiy
Wauiia il dndeamsdmualévmeda o nlsumitsfudumaaunson8lasmsdoude
ya 17 Issasiavomefafidesnsindedau danaldvmefaduliraniztdouasy (toad T4
Tounmduiiunudgeennsolmudivumesadunald venvimhuvmedaiidagnifamtums
Aadofuvieainsa luddwesniaonausinouen (A0-A7) uazuideya (0o-D7) Tauld
nrzUaumiaAmAnddae iterdunsedhy 1diinAareuemnsauasdoya

nwedn 1 (PLO-PL) 1 8 n ussznmnsadmua i ldidunauaziodyadimiy
Fowiald Swmndvamssmualfvmodaladhiduye sunsodld Tasmsdvudeya 17 o
Budazdnvomesandomsandedan uonamiuTueynsy ATsoSxx 92191 PL4-PL7 i
dmsuiFoudeuvy SP1 ievhnts Tsunsudoyaluszuy

nedn 2 (#2.0-P2.7) i 8 11 usazvamnsaimua v i Bunauaziewynd miy
Wil SmindeanmssmusBBmesaladiuduya munsoi 18 Tasmsdoudoya 1
Surnzinvomeiniideinianeday dwalivimesmiuaniuzidovans (foat TedunAdy
fuaudgeannialnuiiuvinesaduna’ld uﬂﬂ%m‘ifumwe'fmﬁﬁagn“l%’am‘iumiﬁmiaﬁ’nm
ueaws ' ludgaroantinonaudnlousn (AB-ALS)

Vinedn 3 (3.0-P3.7) §f 8 01 imaz s edmua i 18 Bunauazednad sy
Mol Smndesmssmuanweialadhduwe sansemidlavms deudoyacr 1

o r - ¢ oAy a 0w ' v s & o ' &2 o =
HAULNAZVAVDINDIAVADINTIAAFDRIY ﬁ\‘iﬁﬂsl‘ﬂﬂTWﬂiﬁuuﬁﬁﬂTuSﬂﬂﬂﬂﬂﬂﬂ (ﬂoat) %Qﬂu‘mﬂﬂﬁ
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Fuandgaarnnsaldmudiuawesaduya 18 venonfurmesa 3 fufhuvinthins o
ity sl oz Boadudude i

p3.0 Wihmdumadiniuiudeyoeinmidemanuueynsy uiev RxD

P3.1 Gl“ffll:f)wuwﬁuwmﬁiﬂfuﬁﬁwamﬂmsﬁﬂmmuuwﬂm NI TXD

p3.2 MiluuBuyefudugudumes Fldanniousnted o 3w INTO

p3.3 Milundumeudagmdumes fldanaeusnyos | niew INTI

3.4 1dlunBuyadmivsudyyainuefonmeusnses o uSew 1o

p3.s MiluvBuyadmiviudygialnueinaniouendes t wien T

P36 Hiiundyann wr lunsdildwesefumiuanuiineusn

p3.7 MWifluwidamna kD Tunsdiiil$idendesumisennusineuan

yiaReset) WlumsTammahiiweslulasaouTniamed Taoluntsfleudyaal
Lﬁa‘%’zﬂmﬂmuzﬁ?;ﬁ’mﬁgj‘}uﬂsﬁﬁnwéwﬁan 2 nmuwdulanda Taviseerduiindaganniini
avhavseriod]degraihning

Y1 ALE/PROG (Address Latch Enable/Program pulse input) !ﬂu‘lﬂmmuﬂﬁﬂﬂﬂumi
tandupsvmedn o eiimsldemmizonniintuen wenvmivvilosldihandmiuiad
yosms TsunsudmsvTsunsudoyanslulyTnsneuInsames Mos-51 Tufuiiiniseamudy
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General Description

e
, MAX7219/MAX7221 are compact, serial inputjout-
 common-cathede display drivers that interface
goprocessors {UPs) to 7-segrment numeric LED dis-
ys of up to 8 digits, bar-graph displays, or 64 indi-
ual LEDs. Inciuded on-chip are a BCD code-B
soder, multiplex scan circuitry, segment and digit
ers, and an 8x8 static RAM that stores each digit.
ly one external resistor is reguired to set the seg-
nt current for all LEDs. The MAX7221 is compatible
p SPI™, QSPI™, and MICROWIRE™, and has slew-
-limited segment drivers to reduce EMI.

onvenient 4-wire serial interface connects to all
nmon WPs. Individual digits may be addressed and
dated without rewriting the entire display. The
X7219/MAX7221 also allow the user 1o select code-
ecoding or no-decode for each digit!

e devices include a 150pA low-power shutdown
de, analog and digital brightness control, a scan-
it register that allows the user to display from 1 {0 8
its, and a test mode that forces all LEDs on.

rapplications requiring 3V operation or segment
king, refer to the MAX6951 data sheet.
Applications
Panel Meters

LED Matrix Displays

ar-Graph Displays
dustrial Controllers

Pin Configuration

/X1

serially Interfaced, 8-Digit LED Display Drivers

Features

TOP VIEW —
om [1] 24] DOUT
oio 2] 23] 566D
DiG 4 [ 3] 27] sk op
a0 (] mmqamn |2 seee
DIG 6 [ mig;? 20] st ¢
D62 [6] 70} v
Dig 3 7] 18] ISET
D67 3] 7] sta6
ano [9] [16] sEaB
oI5 [10] 1] seaF
oiG 1 [11] [12] sEG A
LoR0 (%) [12] 13] oLk
(JMAX7221 ONLY DIP/SO

+ 10MHz Serial Interface

+ Individual LED Segment Control

¢ Decode/MNo-Decode Digit Selection

+ 150pA Low-Power Shutdown (Data Retained)
+ Digital and Anafog Brighiness Control

4+ Display Blankect on Power-Up

+ Drive Common-Cathode LED Display

e Slew-Rate Limited Segment Drivers

for Lower EMI {(MAX7221)
+ SPI, QSPI, MICROWIRE Seriai Interface (MAX7221)
4 24-Pin DIP and SO Packages

Ordering Information

PART TEMP RANGE  PIN-PACKAGE
MAX7219CNG 0°C to +70°C 24 Narrow Piastic DIP
MAX7219CWG 0°Cto+70°C 24 Wide SO
MAX7219C/D 0°C to +70°C  Dice*

MAX7219ENG  -40°Glo +85°C 24 Narrow Plastic DIP
MAX7219EWG  -40°C 1o +85°C 24 Wide SO
MAX7219ERG -40°C to +85°C 24 Narrow CERDIP

Ordering Information continued at end of data sheel,
*Dice are specified at Ta = +25°C.

Typical Application Circuit

08888888
‘-" L] '-.-‘L‘-'.LI
T T T T T T 1
+5Y
1
053k ™
LL1 DIG 0-DIG 7 f—ert
AAAAM | BDEITS
MOS! oo mfgg‘;’
wP 0 2} 0an ©5)
8K 13 o1k SES%Q‘;; ‘
£l 8 SEGMENTS
GND
=%
(YMAXT221 GNLY 8-DHGIT P DISPLAY

{ and QSPI are trademarks of Motoroia Inc. MICROWIRE is a trademark of National Serniconductor Corp.

1.AX1M

#Maxim integrated Products 1

or pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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erially Interfaced, 8-Digit LED Display Drivers

3SOLUTE MAXIMUM RATINGS

rage (with respect 1o GND)
r RSP PUPRPRUURORRRE § Jc AV (o 5112

N, CLK, LOAD, T5 .. DBV O BY

1 Other Pins 0.3V o (V+ + 0.3V)
rent

GO-OIGT Sink Cumrent.......cocvve e 500mA
EGA-G. DP Source CUument..........coevvniiine e 100mA

inuous Power Dissipation (TA = +85°C}

arrow Plastic DIP {derate 13.3mW/°C

BOVE +70%C i OBEMW
jige SO {derate 11.8mW/°C above +70°C)................ 941 mW
arrow CERDIP (derate 12.5mW/°C above +70°C) ...1000mW

Qperating Temperature Ranges (TMIN to Tmax)
MAX7219C_G/IMAXT221C_G ool 0°C to +70°C
MAX7212E_G/MAXT221E_G ... .~40°C to +85°C

Storage Temperature Range ......... -65°C to +160°C

Lead Temperature {soldering, 10s)........,

-
sgas beyond those listed under "Absolute Maximum Ratings” may cause permanent damage o the devica. These are siress ratings only, and functionaf
yation of the device al these or any other conditions beyond those indicated in the operational sections of the specifications is not implied, Exposure ig
oluta miaxirnum rating conditions for extendad pariods may affact device raliability.

LECTRICAL CHARACTERISTICS

-= 5V +10%, RsET = 9.53kQ) £1%, Ta = TMIN 10 TMAX, Unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
nerating Supply Veltage V+ 4.0 55 v
wtdown Supply Current I+ All digital inputs at V+ or GND, Ta = +25°C 160 LA

ASET = open circuit 8
parating Supply Current I+ All segments and decimal point on, mA

330

IseG_ = -40mA
splay Scan Rate fosc | 8 digits scannad 500 800 1300 Hz
git Drive Sink Current IpigIT | V+ =5V, Vour = 0.65Y 320 mA
ament Drive Source Current IsSeEG | TA = +25°C, V+ = BY, VouT = (V+ - 1V) -30 -40 -45 mA
gment Current Slew Rate . o _ _ )
AXT7221 only) AlSEG/AL | TA = +25°C, V+ = BV, VouT = (V+ - 1V} 10 20 50 mAjus
gment Drive Current Matching | Alseg 3.0 %
i Drive Leakage - _ )
AX7221 only) Iigir | Digit off, VpigiT = V+ 10 PA
gment Drive Leakage _
AX7221 only) IsEG Segment off, VSEG = OV 1 BA
git Drive Source Current - B
AX7219 only) Ipigr | Digit off, Vgt = (V+ - 0.3V) -2 mA
ament Drive Sink Current _
AX7219 only) ISEG Segment off, Vseg = 0.3V 5 mA

MNAXIM




serially Interfaced, 8-Digit LED Display Drivers

:CTRICAL CHARACTERISTICS (continued)

5V £10%, RgET =9.53kQ 21%, TA = TimiN to TMAX, unless otherwise hoted.)

PARAMETER | SYMBOL I CONDITIONS MIN TYP MAX | UNITS

1C INPUTS

t Current [N, CLK, _

D.CS IH, L | VIN =0V ar V+ , -1 1 HA
¢ High Input Voltage ViH a5 )
¢ Low Input Voltage Vi 0.8 v
ut High Voltage Vo DOUT; IsOURCE = -1mA V+ -1 Y
ut Low Voltage VoL DOUT, tsink = 1.6mA 0.4 v
eresis Voltage AV DIN, CLK, LOAD, C5 ' 1 v
NG CHARACTERISTICS ‘

Glock Pericd icp 100 ns
Puise Width High tcH |7 - 50 ns
Puise Width Low oL 50 ns
-all to SCLK Rise Setup Time

%7221 only) lcss . 25 ns
Rise to CS or LOAD Rise . o s
 Time C8H

Setup Time DS 25 ns
Hold Time DM 0 ns
ut Data Propagation Delay Do CLOAD = 50pF N 25 ns
1-Rising Edge to Next Clock
g Edge (MAX7219 only) toek 50 ns
:num CS or LOAD Pulse tosw 50 ne
-to-Segment Delay tDSPD 2.25 ms

| AX /N 3
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erially Interfaced, 8-Digit LED Display Drivers

= +5V, Ta = +25°C, unless ctherwise ncted.}

SGAN FREQUENGY vs.
POSITIVE SUPPLY VOLTAGE
830 .
820 g
&10 L ES
= a0 st
&
5
Z
(==
£ m
=
3
750
74
T
40 44 48 52 56 6D
POSITIVE SUPPLY VOLTAGE (V]
MAX7219
SEGMENT DUTPUT CURRENT
MA*IMLQM_INTE_NSITYQSHSZ S
OMARIY Lovrebrssierifoses] ‘
0 U

Spsidiv

WRXTZIE 63

Typical Operating Characteristics

SEGMENT DRIVER OUTPUT CURRENT

vs: DUTPUT VODLTAGE
70 -
| &
&0 \ i
— Regr = 10k =
R e e M
= '-"'*-...,_
& et
2 a0 .
3 1 RgeT = 20kC2
s 30 1
= b |
= [
S [ Rser = A0k s
10 T
0
h] 1 2 3 4 5
QUTPUT VOLTAGE {Vj
MAX7221
SEGMENT DUTPUT CURRENT
T H T - T T N b3
 MAXIMEM INTENSITY = 1516~ g
P R PO g
T
10mAdiy P
q
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Serially Interfaced, 8-Digit LED Display Drivers

Pin Description

PIN NAME FUNCTION
1 DIN Serial-Data Input. Data is Joaded into the internat 16-bit shift register on CLK's rising edge.
3 5.8 Eight-Digit Drive Lines that sink current from the display common cathode. The MAX7219 pulls
| 0‘ 1 ' DIGO-DIG7 the digit outputs to V+ when turmned off. The MAX7221's digit drivers are high-impedance when
! turned off. .
4,98 GND Ground (both GND pins must be connected)
LOAD Load-Data Input. The last 16 bits of serial data are latched on LOAD's rising edge.
19 (MAX7219)
CcS Chip-Select Input. Serial data iedoaded intc the shift register while TS is low. The last 16 bits of
(MAXT7221) serial data are latched on CS's rising edge.
Serial-Clock Input. 10MHz maximum rate. On CLK's rising edge, data is shifted into the inter-
13 CLK nal ghift register. On CLK's faili_ng adge, data is clocked out of DOUT. On the MAX7221, the
CLK inputis active only while CS is low.
417 SEG A-SEG G Seven Segment Drives and Decimal Point Drive that source current to the display. On the
20423' op ' MAX7219, when a segment driver is turmed off it is pulled to GND. The MAX7221 segment dri-
vers are high-impedance when turned off,
Connect to Vpp through a resistor (RgeT) to set the peak segment current (Refer (o Selecting
18 ISET ; )
) Rser Resistor section),
19 V+ Positive Supply Voltage. Connect to +5V.
o4 DOUT Serial-Data Cutput. The data into DIN is valid at DOUT 16.5 clock cycles later. This pin is used

to daisy-chain several MAX7219/MAX7221's and is never high-impedance.

Functional Diagram

SEG A-SEG G, DP

1 SEGMENT DRIVERS ‘

DIG 0-DIG 7

DIGIT DRIVERS

Y T f s8
A8 —=| SHUTOOWN REGISTER -
CODEB
Ve ROM WITH | MODEREGISTER INJS?SSEITY
BYPASS Faml  INTENSITY REGISTER gt et
- 4 Ham-t SCAN-LIMIT REGISTER MODULATOR
L SEGMENT 18 H—=-| DISPLAY-TEST REGISTER
CURRENT 8x8
REFERENCE DUAL-PORT [~ MULTIPLEX
SAAM Lo Msem H
Y AUDRESS GIRCUFRY
_ e L__,LEI__ REGISTER
LOAD (C3) » DECODER

4

oI w——{ 00| D1 {02 D3] D4 b5 | 06 | 07 [ 08 | 08 [o10{p11}012]013[D14[D15] |-t DOUT

CLK »»

() MAX7221 ONLY

LlB,HHHHHHH(MI,B,

1 AXILM

FCCTLXVIN/GLSLXVIN



erially Interfaced, 8-Digit LED Display Drivers

5 b
OR LOAD

gL~ el =)

000@0’00@

@00’0@0’00’

DouT ><

G

—-‘ g I-—
i

re 1. Timing Diagram

ble 1. Serial-Data Format (16 Bits)

15 | D14 | D13 | D12 |D1o| DY [ D8

D?|Ds|05|D4|03|02[D1|D0

{ X X X ADDRESS

MSB DATA LSB

Detailed Description

MAX7219/MAX7221 Differences
 MAX7219 and MAX7221 are identical except for
parameters: the MAX7221 segment drivers are
v-rate limited to reduce electromagnetic interfer-
e (EMI), and its serial interface is fully SPI compati-

Serial-Addressing Modes
the MAX7219, serial data at DIN, sent in 16-bit
kets, is shifted into the internal 16-bit shift register
) each rising edge of CLK regardless of the state of
AD. For the MAX7221, CS must be low to clock data
¢ out. The data is then latched irto either the digit or
itrol registers on the rising edge of LOAD/CS.
AD/CS must go high concurrently with or after the
11ising clock edge, but before the next rising clock
Je or data wilt be lost, Data at DIN is propagated
ugh the shift regisier and appears at DOUT 16.5
sk cycles later. Data is clocked out on the {falling
je of CLK. Data bits are labeled DO-D15 (Table 1).
-D11 contain the register address. DO-D7 contain
data, and D12-D15 are "don't care” bits. The first
eived is 015, the most significant bit {MSB).

Digit and Control Registers
Table 2 lists the 14 addressable digit and control regis-
ters. The digit registers are realized with an on-chip,
8x8 dual-port SRAM. They are addressed directly so
that individuai digits can be updated and retain data as
iong as V4 typically exceeds 2V. The control registers
consist of decode mode, display intensity, scan limit
(number of scanned digits), shutdown, and display test
(ali LEDs onj.

Shutdown Mode
When the MAX7219 is in shutdown mode, the scan oscii-
lator is halted, all segment current sources are pulled to
ground, and all digit drivers are pulled to V+, thereby
blanking the display. The MAX7221 is identical, except
the drivers are high-impedance. Data in the digit and
controt registers remains unaltered. Shutdown can be
used to save power or as an alarm to flash the display by
successively entering and leaving shutdown mode. For
minimum supply current in shutdown mode, logic inputs
should be at ground or V+ (CMOS-logic levels).

Typically, it takes {ess than 250ps for the MAX7219/
MAX7221 to leave shutdown mode. The display driver
can be programmed white in shutdown mode, and
shutdown mode can be overridden by the display-test
function.

MAXIMN




Serially Interfaced, 8-Digit LED Display Drivers

e 2. Register Address Map

ADDRESS MEX
FGISTER | D15~ | 110 |10 | Do | DB | CODE
D12
-Op X 0o ] o | o | o | oxo
)it O X 0 8] 0 1 OxXx1
it 1 X o | o | 1] o | oxxe
it 2 X o | o | t | 1 | oxxa
it 3 X o | 1| 0| 0 | oxxa
Jit 4 X o | 1 [o | 1 | oG
)it 5 X o | 1 [ 1] o | oxxe
Jit 6 X 0 1 1 1 0xX7
Jit 7 X 11 0] 040 | oxxs
;‘;‘;de X t o] o 1| oxxe
ensity X 1 1 0 OxXA
an Limit X 1 1 1 OxXB
utdown X i 1 0 0 0xXC
:’t"ay X o b o

Initial Power-Up
On initiai power-up, all control registers are reset, the
display is blanked, and the MAX7219/MAX7221 enter
shutdown mode. Program the display driver pricr to
display use. Otherwise, it will initially be set to scan one
digit, it will not decode data in the dala registers, and
the intensity register will be set to its minimum value.

Decode-Mode Register
The decode-mode register sets BCD code B (0-9, E, H,
L, P, and -) or no-decode operation for each digit. Each
bit in the register corresponds to one digit. A fogic high

+ selects code B deceding while logic iow bypasses the

decoder. Examples of the decode mode control-regis-
ter format are shown in Table 4.

When the code B decode mode is used, the decoder
locks only at the lower nibble of the data in the digit
registers (D3-D0), disregarding bits D4-D&. D7, which
sets the decimal peoint (SEG DP), is independent of the
decoder and is positive logic (D7 = 1 turns the decimal
point on). Table 5 lists the code B font,

When no-decode is selected, data bits D7-D0 corre-
spond (o the segment lines of the MAX7219/MAX7221,
Table 6 shows the one-io-one pairing of each data bit
to the appropriate segment line.

e 3. Shutdown Register Format (Address (Hex) = 0xXC)

REGISTER DATA
. ADDRESS CODE
MODE

(HEX) D7 D6 D5 D4 D3 D2 D1 Do
utdown

0xXC X X X X X X X o]
e
rmal 0XXC X X X X X X X 1
aration

le 4. Decode-Mode Register Examples (Address (Hex) = 0xX9)

REGISTER DATA HEX
DECODE MODE

D7 D& D5 D4 n3 D2 D1 DO CODE
y decode for digits 7-0 G 0 0 0 0 0 0 0 Ox00
de B decode for digit O
y decode for digits 7--1 0 e 0 0 0 0 0 1 Ox01
dle B decode for digits 3-0
y decode for digits 7-4 0 0 0 0 ! ! ! ! OxOF
de B decode for digits 7-0 1 1 1 1 1 1 1 1 OxFF

| A1/

LCCTLXVIN/GLCLXVN



erially Interfaced, 8-Digit LED Display Drivers

ble 5. Code B Font

REGISTER DATA

ON SEGMENTS =

SEGMENT
IARACTER | D7+ | D6-D4 | D3 D2 Dt Do |DP*| A B c D E F G
0 X 0 0 0 0 1 1 1 1 1 1 0
1 X 0 0 0 1 0 1 0 0 0 0
2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 1 1 1 1 1 1 0 0 1
4 X 0 1 0 0 0 1 1 0 0 1 1
5 X 0 1 0 1 ]« 1 0 1 1 0 1 1
6 X 0 1 1 0 1 0 1 1 1 1 1
7 X 0 1 1 1 1 1 1 0 0 0 0
8 X 1 0 0 0 1 1 1 1 1 1 1
9 X 1 0 0 1 1 1 1 1 0 1 1
— X 1 o 1 0 0 0 0 0 0 0 1
E X 1 0 1 1 1 0 0 1 1 1 1
H X 1 1 0 0 0 1 1 0 1 1 1
L X 1 1 0 1 0 0 0 1 1 1 0
P X i 1 1 0 1 i 0 0 1 1 1
blank X 1 1 1 1 0 0 0 0 0 0 0

3 decimal pointis set by bit D7 = §

bie 6. No-Decode Mode Data Bits and

rresponding Segment Lines

A
[]
F B
G
1 STANDARD 7-SEGMENT LED
EU c
L1 O
D DR
REGISTER DATA
D7 | D6 D5 | D4 (D3 | D2 | D1 | DO
orresponding
sgment Line Pl A | B | C D E F | G

Intensity Control
and Interdigit Blanking
The MAX7219/MAXT7221 aliow display brightness to be
controlied with an external resistor (RsET) connsected
between V+ and ISET. The peak current sourced from
the segment drivers is nominalty 100 times the current
entering ISET. This resistor can either be fixed or vari-
able to allow brightness adjustment from the front
panel. lis minimum value should be 9.53k€, which typi-
cally sets the segment current at 40mA. Dispiay bright-
ness can also be controlted digitally by using the
intensity register.

Digital controt of display brightness is provided by an
internatl pulse-width modulator, which is controlled by
the lower nibble of the intensity register. The modulator
scales the average segment current in 16 steps from a
maximum of 31/32 down o 1/32 of the peak current set
by RseT (15/16 to 1/16 on MAX7221). Table 7 lists the
intensity register format. The minimum interdigit blank-
ing time is setto 1/32 of a cycle.

MAXIMN
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le 7. Intensity Register Format (Address (Hex) = 0xXA)

DUTY CYCLE D7 D6 D5 D4 D3 D2 D1 Do HEX
AX7219 MAX7221 CODE
m1i’r" 3(2)”} (mli] 1;5”) X X X X 0 0 ) 0 0XXO

3/32 2116 X X X X 0 o 0 1 OxX1
5/32 are X X X X 0 0 1 0 OxX2
7/32 416 X X X X 0 0 1 1 OxX3
9/a2 5/16 X X X X 0 1 0 0 OxxX4
11/32 6/16 X X X X 0 1 0 1 OxX5
13/32 7/16 X X X X 0 1 1 0 0xX6
15/32 8/16 X X X X 0 1 1 1 OXX7
17132 /16 X X X X 1 0 0 a OXX8
19/32 10/16 X X X X 1 0 0 1 OxX9
21/32 11/16 X X X X 1 o |1 0 OXXA
23/32 12/16 X X X X 1 0 1 1 OxXB
25132 1316 X X X X 1 1 0 0 0xXC
27132 14/16 X X X X 1 1 0 1 0xXD
20/32 15/16 X X X X 1 1 1 0 OXXE
31/32 (nfl;’: fn) X X X X 1 1 1 1 OXXE

le 8. Scan-Limit Register Format (Address (Hex) = 0xXB)

REGISTER DATA HEX
SCAN LIMIT D7 D6 D5 D4 D3 b2 Dt Do CODE

play digit 0 oniy* X X X X X 0 0 0 OxX0
splay digits 0 & 1* X X X X X 0 0 1 OxX1
splay digits 01 27 X X X X X 0 1 0 OxX2
play digits 01 23 X X X X X 0 1 1 0xX3
splay digits 0123 4 X X X X X 1 0 0 0xX4
splay digits 012345 X X X X X 1 o 1 0xX5
splay digits 0123456 X X X X X 1 1 0 0xX6
splay digits 01234567 X X X X X 1 1 1 0xX7

Scan-Limit Register section for application.

Scan-Limit Register scanned. Since the number of scanned digits affects

scan-limit register sets how many digits are dis- the display brightness, the scan-limit register should
ed, from 1 to 8. They are dispiayed in a multipiexed not be used to blank portions of the display (such as
ner with a typical display scan rate of 800Hz with 8 leading zero suppression). Table 8 lisis the scan-limit

s displayed. If fewer digits are displayed, the scan register format.
is Bfosc/N, where N is the number of digits

1 A XA 9
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scan-iimit register is set for three digits or less,
Lial digit drivers will dissipate excessive amounts
ver. Consaquently, the value of the RsgT resistor
e adjusted according to the number of digits dis-
i, to limit individual digit driver power dissipation.
9 lists the number of digits displayed and the
ponding maximum recommended segment cur-
hen the digit drivers are used.

Display-Test Register
splay-lest register operates in two modes: normal
isplay test. Display-test mode turns all LEDs on
rriding, but not altering, alt controis and digit reg-
(including the shutdown register). In display-test

8 digits are scanned and the duty cycle is 31/32
for MAX7221). Table 10 lists the display-test reg-
rmat.

3

e 9. Maximum Segment Current for

-, or 3-Digit Displays
UMBER OF DIGITS MAX'“C“:E“R"RS:NGTMENT
DISPLAYED i
] 10
2 20
3 30

e 10. Display-Test Register Format
ress (Hex) = 0xXF)

REGISTER DATA
D7 |1D6 |D5 (D4 | D3 [ D2 | D1 | DO

IODE

hal

. X | X | X | X | X[X]|X]oO
ration

iay Test

N X X X | X X X | X 1

The MAX7219/MAX7221 remain In display-test mode
Ds on) until the display-test register is reconfigured
‘mal operation.

No-Op Register
>-Op register is used when cascading MAX7219s
X7221s. Connect ail devices’ LOAD/CS inputs
ner and connect DOUT to DIN on adjacent
3. DOUT is a CMOS logic-leve! output that easily

DIN of successively cascaded parts. (Refer to
rial Addressing Modes section for detaited infor-
1 on serial inputfoutput timing.) For example, if
AAX7218s are cascaded, then to write to the

fourth chip, sent the desired 16-bit word, followed by
three no-op codes (hex XXX0X, see Table 2). When
LOAD/CS goes high, data is latched in all devices. The
first three chips receive no-op commands, and the
fourth receives the intended data.

Applications Information

Supply Bypassing and Wiring
To minimize power-supply rippte due to the peak digit
driver currents, connect a 10uF slectrolytic and a 0. 1uF
ceramic capacitor betwsen V+ and GND as close to
the device as possible. The MAX7219/MAX7221 should
bt placed in close proximity to the LED display, and
connections should be kept as short as possible to
minimize thé effects of wiring Inductance and electro-
magnetic interference. Also, bolth GND pins must be
connected to ground.

Selecting Rsgr Resistor and
Using External Drivers
The current per segment is approximatety 100 times
the current in ISET. To select RseT, see Table 11. The
MAX7219/MAX7221's maximum recommended seg-
ment current is 40mA. For segment current levels
above these levels, external digit drivers will be need-
ed. In this application, the MAX7219/MAX7221 serve
only as controllers for other high-current drivers or tran-
sistors. Therefore, to conserve power, use RSeT = 47k(
when using external current sources as segment dri-
vers,

The example in Figure 2 uses the MAX7219/MAX7221°s
segment drivers, a MAX394 single-pole double-throw
analog switch, and external transistors to drive 2.3"
AND2307SLC common-cathode displays. The 5.6V
Zener diode has been added in series with the decimal
point LED because the decimal point LED forward voit-
age is typically 4.2V. For all other segments the LED
forward voliage is typically 8V. Since external trangis-
tors are used to sink current (DIG 0 and DIG 1 are used
as logic switches), peak segment cuirents of 45mA are
allowed even though only two digits are displayed. In
applications where the MAX7219/MAX7221’s digit dri-
vers are used 1o sink current and fewer than four digits
are displayed, Table 9 specifies the maximum allow-
able segment current. RSET must be selected accord-
ingly {Table 11).

Refer to the Power Dissipation section of the Absolute
Maximum Ratings to caiculate acceptable limits for
ambient temperature, segment current, and the LED
forward-voltage drop.
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le 11. RSET vs. Segment Current and
) Forward Voltage

5 (mA) Vien (V)

1.5 2.0 2.5 3.0 3.5
40 12.2 1.8 11.0 10.8 9.69
30 17.8 171 15.8 15.0 14.0
20 29.8 28.0 259 24.5 22.6
10 66.7 | 637 593 | 554 51.2

Compiuting Power Dissipation
upper limit for power dissipation, (PD) for the
7219/MAX7221 is determined from the following
tion:

J = (V + X 8mA) + (V+ - VLEDXDUTY x Iseg x N)
e

+ = supply voltage

UTY = duty cycle set by intensity register

= number of segments driven {worst case is 8)
LED = LED forward voltage
EG = segment current set by RSET

ipation Example:
sEG = 40mA, N = 8, DUTY = 31/32, ViED = 1.8V &t
OmA, V+ = 5.25V
D = 5.25V{BmA) + ({5.25V - 1.8V)}(31/32 %
OmAx8) = 1. 1MW

5, for a CERDIP package (8ia = +80°C/W from

e 12), the maximum allowed ambient temperalure

5 given by:

JMAX) = TA + PDx 8ya + 150°C = Ta +1.11W x
80°C/W

re TA = +61.2°C.

Ta limits for PDIP and 8O Packages in the dissipation

npie above are +66.7°C and +55.6°C, respectively.

1AXIM

Table 12, Package Thermal Resistance
Data

PACKAGE THERMAL RESISTANCE
{8aa)
24 Nasrow DIP +75°CMW
24 Wide SO +85°C/w
24 CERDIP +80°C/W

Maximum Junction Temperature (TJ) = +150°C

Maximum Ambient Temparature (Ta) = +85°C

Cascading Drivers
The exampie in Figure 3 drives 16 digits using a 3-wire
uP interface. if the number of digits is not a multiple of
8, set both drivers’ scan limits registers to the same
number so one display will not appear brighter than the
other. For example, ¥ 12 digits are need, use 6 digits
per dispiay with both scan-limit registers set for 6 digits
so that both displays have a 1/6 duty cycle per digit. if
11 digits are needed, set both scan-limit registers for 6
digits and leave one digit driver unconnected. If one
display for 6 digits and the other for 5 digiis, the sec-
ond display will appear brighter because its duty cycie
per digit will be 1/5 while the first display's wili be 1/6.
Refer to the No-Op Register section for additional infor-
mation.
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Jrdering Information {continued)

PART TEMP RANGE  PIN-PACKAGE
X7221CNG 0°C to +70°C 24 Narrow Plastic DIP
X7221CWG 0°Cto +70°C 24 Wide 50
X7221C/D 0°C to +70°C Dice*

X7221ENG -40°C to +85°C 24 Narrow Plastic DIP
X7221EWG -40°C to +85°C 24 Wide 50
X7221ERG  -40°C to +85°C 24 Narrow CERDIP

> are specified at TA = +25°C.

Chip Topography

GND DIG? DIG3 DIG2 DIG6 GND

, 0.063"
— DIN  {2.36mm)

— pouT

] I
SEGB | ISET  SEGC SEG DP
SEG 6 SEG E
0.080"
(2.63mm)

-

TRANSISTOR COUNT: 5267
SUBSTRATE CONNECTED TO GND
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Package Information

ickage drawing{(s) in this data shest may nat reflect the maost current specifications. For the {atest package outline information
ww.maxim-lc.com/packages.)

oW
i
INCHES MILLIMETERS z
N _ DIM] MIN ] MAX | MIN | MAX a
HAAB 7 | 0093 | 0104 | 2.35 | 266
A1 | 0004 | 0612 | 010 ] 030
B | 0014 | 0018 | 035 | 049
C | oo0e | 0013 | 023 | 032
£ e 0.050 127
- € | uoof | o29e | 740 | 760
H | 0.394 | 0.418 | 10.00 | 1065
o T [oote | 0050 | oan | 127
B, HHEEH HHE H_ ) VARIATIONS:
’ INGHES MILLIMETERS
TOP VIEW DIM{ MIN MAX MIN MAX | N {MS093
D | 0.398 | 0.412 | 10.10 | 1650 [16] AA
1D | vaar | 0463 | 1135 | 11.75 |18| AB
D | 0496 | 6512 | 12.60 | 13.00 [20] AC
D | 0598 | 064 | 1520 | 1560 [24] AD
b D | 0637 | 0733 | 1770 | 1810 |28] AE

T T :

ot e od T %\L H—}

FRONT VIEW
SIDE VIEW
NOTES: -
1. D&E DO NOT iNCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006). @Eméolﬁol'uéns /Vl/jX‘/VI
3. LEADS TO BE COPLANAR WITHIN 0.10mm {.004"). PROPRIETARY INFORMATION
4., CONTROLLING DIMENSION: MILLIMETERS. TITLE:
5. MEETS JEDEC MS013. PACKAGE QUTLINE, .300" SCIC
&, N = NUMBER OF PiNS. APPROVAL DOCUMERT OLND. REV. [
21-0042 B |
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i

¥
E

_ Package Information (continued)
{The package drawing(s) in this data sheet may not reflect the most current spectfications. For the latest package outline information
go to. www.maxim-le.com/packages. }
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A310.055 {0.080 |1.40 203 I [0.885 10,915 [22.48|23.24118 |AD
B 10,015 [0.622 |0.381 |0,56 D |1.015 11.045 |25,78126.94 |20 {AE
B110.045 10.065 {1.14 165 D {114 1.265 [28.96|32.13 {24 |AF
C {0.008 {0.014 {0.2 0.355{ |D |1.360 ]1.380 [34.54(35.05 128 [%5
1/0.005 [0.080 [0.13 [2.03
£ 10.300 {0.3251|7.62 (8.6 NOTES:
110.240 [0.310 6;05 " ggg S Eﬁfﬁkggﬂé’é‘”ﬁ%ﬁrgﬂ)%gu?%?
e | 0,100 BSC, . . ASmm (006" )
eg gggg ggg '17061% %%% M ;NEEEESQ‘E%%%B’:L“gﬁ,’ifﬂ"'A'é‘%ﬁé‘éﬁ*‘“
e . . . .
i L 10415 [0.150 |2.921 [3.81 o R e o Pye-03BAB
- J
NN !QQCKAGE FAMILY DUTLINE: PDIP 300" 21-0043 D |
b

it cannot assume responsibility for use of any circuitry other than circuilry enlirely embodied in & Maxim product. No circuil patent licenses are
‘g{h‘ied. Maxim reserves the right to change the circuilry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 [(408) 737-7600
2003 Maxim Integrated Products Printed USA MAXIM s a registered trademark of Maxim Integrated Producis.

ICCTLXVIN/6LCLXVIN



y.oa
PRIV

= 4 <5 ks o Wl ol g % o~ 1
(1} mAuyud anszun, msgsrefiiadisamisudfiemilesny. TreRusiisgmasnsel

UHIINGIRY, 2546,

[2] guuu dafai, msmvivadmrdauuiuRAN [homepage].[15 Fune 2002]. Available from :

URL: http://www.rs.psu.ac.th/gps/gps.htm

[31 dutiv aswan, §15791 Surveying 1). diniud o.on. suauduaiumn TuTad(ne-giu)

, 2543

a o - LY 1 s ar o ‘;y = 2
[4] uns SnAan@, T31yad vaeTes e, uay Fodanl unstnsila, dfiimslalasneuinsa

4 = oA =3 = o as
mad MCS-s1a0a15un5umnd, ussm auTundw BrmeSiuud $1ie, 2547
ar @ o d LYY o o =
[5] %I Fogms, Tlsunsupaninmasnu ¢ uag o+, SIPRURUITUATUD 1T, 2542

ar d o w = o 1 =
[6] 555t 13z novuna, madszandlFnululnsneuTnsames, dninfin a.an. aumudadsy

ma T Ia’%’i("lmﬂ-tﬁﬂu), 2545

o as 5 a = o T
[7] 55 5and sz neuna, mavianninsneuinsamesatemmnd, dninwun a.an. amavas

m?nmﬂuiaﬁ(”lm-rﬁﬂu),

o o o 5 a A o ! =
[8] ‘ﬁ'i'Jﬁl!‘l:[ ﬂ3$ AOUND, ﬂ]ﬂ?llﬂﬂ!"l‘ﬂlﬂaﬂ'lﬂﬁﬂ MCS-51, TUNWNN TN, TUIANTUTTY

ma TuTad(lne-Githy), 2546

[9] 83509 niNgUe1Uae, Inmsasreduge, daniuma Tulalnawana Insrwamaiiangamm

, 2534,



o
=

4 ar a o o A B =
[10] swar nsudrTauns, Fodand auwsdassla, Seuduazlfdaeisuinsneulnsames Mcs-

) =] L) 9 _ o
51, 154 ou Tud WaweSwud $16a

[11] 2790 AaUDETATNA, U156 A INAT, 11AZ WAIWA T19NAY, CSILAB C Language

I =g e w
Laboratory, U389 #a15405% $1119

= AR = o j
[12] guifnmsansaunsgiieanssy, ssaumAteduvusuuiulan [homepage] 115 June

2002]. Available from : URL : http://gierc.en kku.ac.th/

[13] Wo.AngNY Fowue , GPS [homepagel [ 18 June2002]. Available from :
URL: http:/fwww.geocities.éom/ sup2822911/index . html

[14] w.0. 8090y Fous . mamdmmialasnIoadio GPS[homepage].[18 June2002]. Available

from : URL: http://www.geocities.com/sup2822911/gps.html

v o 1 o T o .
[15] ovud Rz, anuddefuunuiiiosdufhomepage]. Available from :

URL: http://www.physics.sci.rit.ac.th/sciencefac/artic/map/map.him
[16] Alfred Leick, GPS sateltite Surveying, John wiley & Sons, 1990
[17] Andrew S.Tanenbaum, computer network, Pearson Education Indochina Ltd., 2004

[18] Glenn Baddeley, GPS - NMEA sentence information, [homepage].[20 June 2001] Available

from : URL: http://aprs.gids.nl/nmea/

[19] Glenn Baddeley, NMEA data, [homepage| Available from :

URL: http://www.gpsinformation.org/dale/nmea.htm



{20] Thaigps. what's gps? [homepage].[10 July 2002] Available from :
URL:http:/fwww thaigps.com/what_gps.html}

[21] Trimble Navigaion Limited. All About GPS[homepage].[30 June 2002] Available from :

URL: http://www.trimble.com/gps/



o 1 kg L
gauaaanad wvuasn I lunsdesnanil

2.) UIIAUTRING



w 4 oo i o =
ans auIRATaN adia Tuil 16 garau W.A.2526
QUAUUHAN LY ITLILA YALINUA 0.07INN
-] 3 =y o e ok
duiadudlszoudnyiom TsaSounsidndfnm a.ngamna
o o o w o w A 4
dudeiuiisonfnean Tsafoudsouiadad o.ngamna
dhiFoussduganfinun Wil w2544 winInendoma TuTadigsund
unztrgmssd el sesiamsoyns sunisdheduialse Towd

'3 = '3 o o w L o
BIAMIIUITHIY ﬂ\iﬂﬂ']‘iuﬂﬁﬂ‘hﬂ 11141’31’!5]1?16!,?1?]'11411:18!’5{51&15

»

sIsNSo ndade Madle Tufl 13 Tutau we2526
QTR a.qvqTio 0. 0eRe 9.9Re51H
=]

o

kN
dufadulszandineen lsuFougueuiagissansswn 1.97e511
£
dSadudsananmion IsauSsunuemiaina 9.911t517
dhiFeuszaugendnu Tull wr2s44 wvtinerdoma Tu Tofgsus
] o 1 ar ¥ 1 s oA o
uazAeR s LU Svtreantds: Tewiindnu

BIAMIUIMT pafmslnAnm i Ingdeama Tuladgsud

‘ é ubrmsumauosdondn|

e i Boma Ty ToBomd |




