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Abstract

Presently ~most manufacterers or business establishments , which are in the world of
business both production and service can use instrument to accommodate especially , the
production. Which will make productive contributions for example a higher speed of production ,
a low cost of product and the accuracy of the instrument,which able make that better human.

This thesis is present a prototype of the semi automatic print circuit board ( peb ) tester
for mobile phone battery for the purpose of rapidily of testing.By interfacing with the
conventional peb tester , used in standard testing ,the tester provider the semiautomatic of testing

and logging the data in a PC.
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e 1__7:] P32 P22 |3 Al
1 il T 22
™D - F 3t P24 [5— Ay
sxe Llpsa P20 LIl 3
Vi
[z

U 2.3 ua@naig ) Y99 MCS-51

2.3.1 ANUWMIVDIVIN o UASH

¢ Y = ¥ a g )
Wo3N 0 (Port 0) 1ALA 419 32 - 39 Y83 MCS - 51 mmm‘lmﬂu@uvgmamwmmmﬁn“hswuu

Y

Talduennniilumsaaderumizoanuiimenendalifuantauemase unziiadoya dn
Y
eld
W3 1 (Port 1) lAun 1 1 - 8 Humesndunawerdna 8 §a aunsalduuuiale de p1.o-
P1.7

W 2 (Port 2) wosn 2 1&uA 1171 21 - 28 vzl 2 mihiide Miune fn Suwaerdua



Y 1

Y a 9 3y a o
awsalduuviialduas 19 Tuvueaasa s Salunisdreanmiasanusinisusn
d o U { 4 a
WM 3 (Port 3) Woin 3 lAud 117 10 - 17 szlFmmeanthiife Wunesndunauas
4 ) a nlsl wﬂ o ' L a ydo
w1ana lduuuiald uag Iadundygnuaiugudi q Geindhiged]
Yo 9
91 P3.0 195 udoynainmensnuuioyns
91 P3.1 Idaedoyn lmeusnuuueynsu
9 a A o o a v P A A
1 P3.2 1fluBunmie Sudyanmdumessidsing o
9 a A o o a du (d a A
1 P3.3 Ifludunaie Sudayanasumessuduiad 1
[Y] a ¥ ' o 4
91 P3.4 doyanuounalimiaeivee lnwes o
o a kY ' 4 4
91 P3.5 dygudunalimimesveslnwed 1
9 [ ~ 9 [ 1 o o o =3 F a
1 P3.6 Miludygrantugumadsudeyalufimbennuirdmiuiueyanouenid
Y1 P3.7 1%L§Juf‘7munﬁmmuﬂwmsém%yamnmhamm%rﬁm%’mﬁu%’wamﬂuaﬂ%ﬂ
I A @ dy a 4
PSEN ( Program Store Enable ) ¥1 PSEN (iluaifidedyaisonnaovi 29 anfiszueaiivliie
MCs-51 apantsen Tilsunsuainmiieanuineuen TnsdnAgmieanuiniouensiy
DWIOU Y1 PSEN dzA0nuIdga1auilaned1um1ana ( Output Enable : OF ) 494 Sn3ou
ALE/PROG ( Address Latch Enable ) 18491005 % 0 1130 191509187998 mmile uazan
9 3
foya MCs-s1 9ziivn ALE 1dud 30 1itez 14 Sadmdng ( Multiplex ) Foyann e
9y 0
Aumia vo1 sy o lunmsFaussuy Mcs-s1 i axdesiiadnsaldeds wesn o i
wid AeAT (Latch ) dygnmdadumils e MCS-51 Aosmsandofuniaenusinouen
v
MCS-51 agasdnaiiadiuriessniineunie wesn o viniuazdedamin ALE uvih
wihil AeA (Latch ) 9lnsalnteuen TiRuaiadumisves wesyn 0 BiReld wosn o iy
Veardoyn
Y 1A ) < a Yo s
EA/Vpp ( External Access ) ¥1 EA Taunani 31 dranilitluasin “1” 9z 19 uwos 8051/8052
A J FUR] [] o vy g a 9 o
wovenIvew dsunsunnmissanuiinielu udduuaosn <07 118 Mcs - 51 %1
Tsunsulas srmnnniseanuir lusunsuniousn (8191 EA i “0” 91 PSEN szueniinl
o 1 1 [ o
) Smnidlues 8031 n3e 8032 41 EA axifu «0” sawe sz 185 Talsunsumiasaniu s
; F . 4
molu udd e 8051/8052 Felimiwaruimelunas W BA il “0” Seazngams
Muvessen melutazemllsunsunn Snsou mousnuny
1 a d qy a v
RST ( Reset ) 91 RST launa1 9 0219 lumsSidia Mcs-51 Tnoez 1danilidiuassn «1° o

9 < a d Y
Y08 2 AUNAT 19851 Fasz Uy 14



~ 1 a 3 a ' a
XTAL 197 19 [¥densanoaninaouen lasidludunaidrigraseeadaanes

= ! a < J 1 a
XTAL 2 9% 18 Gl“ls)'/@@ﬂﬁﬁ@@ﬁﬂ“lﬁJu@ﬂ IﬂULﬂuLQWWWQQEGGﬂ‘tﬂﬂ’Ni]ﬁ@’E]ﬁ“IfﬁlﬁL@@ﬁo’

2.3.2 15993191 H AN

aq Y 3

MUALANUSIFINSU MCS - 51 321 2 ¥Ha Ao Mideaus i lannuldsunsusoy Ny

' o A 3 Y ' =)
wiasanudliaudoyalumsdszaiana 1w MCS - 51 V1awesIHY 8051, 8052 V%)

W18 luTN uag MCS - 51 nawesdiausodenlennui llsunsuniouen
18niian 64 Alalud uazdremuaaudiauuonlduniige 64 Alalud sy
aireaMuiwey nrolusgdsznon ldaoiui gy, FAIVAADT, fuilF sy
T uaziTamesNaiduiisn owdou laozunsuvosrisonnuiwes 8031 18dag1 N 2.4

Tavlugdazvendronuilaazioniv

R Cadla FFFFH Data
hMamony femery
91 PD
FFH WEe VR
Internal
BEAM w4 PSEM
il st o NQ08H

O 4 U TER TN
sndgma ety

JUM 2.4 M3TaNUWANUIIVOI MCS - 51
2.4 Bit— addressable RAM
G = ' o ~ Y Y v oa | 9/:.: ' o 5 =<
T MCS - 51 aziinuonnuinamsndeteyaluseAu e lMawad 1t 20 H 09 2FH
o < a J < o a Yo A dq ¥ A -
591 16 Jug Taee1usn e, 1ndes, Loud, 993 N130030 ba 91U IuteH laau lananuai]

$m0u 128 Ta (8130 X 16106)



2.5 4A39a1NB3 (Register Banks)

miwardoyanoluildfugeisaned Tiamua 32 dumislagezd 4 %A usazyndl
S3enans 8 & Ao RO fe R7 Tneyausnezagludumiia 00H - 07H

2.6 ??)mm%'ﬁqﬁ%"uﬁmy ( Special Function Register )

Tu MCs-51 53amesag Mdmianuiusunieludn Tnedunidadiusseanofm (
Special Function Register : SFR ) Fafifamun 21 §2 TnedsenneTRimudg q 9zi5uf
mieAIRaA SOH fe FFH Seliianun 128 S usozdiudSmne e Suiiey e
21 fumda uaduilu 8032/ 8051 9219 26 d w5 ol SER 26 62

2.7 Program Status Word

SHemedgaiitende 911 PSW %zaéﬁﬁnmﬂq DOH éﬂ’cﬂiﬂ‘mLi’l’"lﬁ\‘i‘i’l’ﬂy‘ﬁizﬁﬁﬁﬁllﬁ Tae
’%’%ﬁma%’ﬁ%zL"fluﬁmaﬂﬁm'mha 9 9941 Insneu nsawss auvnevesudasauaas

9 @ d'
1aaaA15199 2.5

im E Fiumia ARG
PSW.7 CY D7H uransima
PSIW.6 AC D6H UWHANATTEMG
PSW.5 Fo D5H wilan o
PSW.4 RS1 D4H indmiudangsMRanef 1
PSW.3 RSO D3H Indmiuienteiianas o

00 = 6 0 ; GIMWUI O0H — O7H
01 =50 1 ; B 08H — OFH
10 =96 2; BIWMIN 10H - 17H
11 = 96 3; S 18H - 1FH

PSW.2 ov D2H wrlanAniu
PSW.1 - D1H TG
PSW.0 P DOH Aruwidsuran

A1 NN 2.5 uaresdauazting s 9 Ju PSw
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Y 0 9
1. urlandIna ( Carry Flag : CF ) Inflifludiafi 7 ves PsW datlwzlianuddgminiinis
° a 4 a J < § a a A o
aszimundamaas lnsdatiazisa domanisnavesdah 7 vaedmsuaney wie e
A a A a d_ A a '
WeRamsouvesiiafl 7 iWehamsauay
2. uanA¥8NA ( Auxiliary Carry Flag ) WellmsuanuuL Binary - Code — Decimal ( BCD )
Aa YK a w1 < 4 a { a 3
I urlandmiena (AC ) viediadatenaszgniia Welimsnanndan 3 1udef 4 viodn
3 E4 v
1 Lower Nibble fifi13#31¢ OAH - OFH (ilp3a91ns¥d BCD fifisn1dundigaud 9 d1wnndl
9y 9 o W 5 3 4 v 1 Aa
ATTUINDULLY BCD 93 A09M1UA8AIT9 DAA ( Decimal Adjust Accumulator) ie1lSua 1#isl
Auiu 9 Tasuanaw 6 191 1) sgshitidusita BCD Aumumasguduld
s A o
3. unlangud ( Flag 0 yiluuwan AdlFannsoldaunialyld
a aa 4 % \ i v a
4. finionyp3vaIAnT ( Register Bank Select Bits ) aumauamdainlu Mcs - 51 aeilyn
aa d 1 vy A v = o a
Svamesog 4 ya tezidonlvigalauoaiivesdmun laluiia RS1 oz RS2 489 PSW uazes
a 7o A a3y Y a 1w aa s ) o
wdes AupuliossuLgnIKia SmIndesmsaadenuga3saaes 3 Tasdio Yeyanin R7 (M
e 1FH ) wiuduluuendiuames
1A < Y] o a a
5. urlanA Y (Overflow Flag ) unlan OV szgnidia viasninaisnseihmunadamansuduia
1 Aa A o aa A A roa VoA o 4 YA [
Annu Aeduaumnaninmsulnnsomsay daununiin i ludesiduly18de vinah
1 Qs )’ 1 ) o ‘;’ ~ ~ ¥
+128 ©301DEN1-125 AI0ENFHY BuAAMSUINAYTRIT LU IRANIITA Ta OV Fuly
PSW
a Ady A . agn fl a d' v Qdy A J a a . a’é
6. TAN13A ( Parity Bit) Wisae ( P) Wudaiuenamisavedsdanes usaiidmmosss
‘ﬂ o v ) e NAOCE e a A & i
pradludnsisdeuanugndssvosdoynls lnvszibavsomaosuny ueafifiuames wu
FY a A = TR a
fueamiiuawesiianilu 101011018 Ga P ez <1~
2.8 ?‘Smma% B ( B Register )
aa 4 10 v ] o 9 aa st
39enmes B azagiumiis FoH vasmiseanudidoyanielu duitamesnamse
) v 4
W ly)14 Taeia 3 Saaestie 19gm nSomsfiitammesiondfiuames wu nmsvh
o W P a Y { a a & aa
frds MUL AB Faflumsgauuuy 8 ia Tnonadnii ldweiiving 16 Oa $53mmes A ey
' a o a 4 g3 1 a o @ o o W ’
A1 8 Tad1 uaz3vmans B azinua 8 dage dmsumsnis lasmsindds DIV AB Taegarlu
Y v Ay Yy g aa 7 L a o 3 1
A 929nM15A20 B wadwsi dezinulu S3maes AB Tao B exifiud 8 daduas A wifius
a aa 4 dy Y K| 9 v a 9 o [] a A o [] =<
8 Uage Samwes B Hmusadniedeyaszauiald Tnodumisvesdafodumiis FoH B
F7H
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2.9 f3vauAn ( Stack Pointer )

b4
drauan ( SP ) Whistmeesvina 8 da efdums 81H ms@ousudhlyly

4
sy J

v b4 t 4 » 4
Aumisiidaauandegil Gond “Pushing” dmSumseiusii SP Fog Send “Poping”
o c:’ a g A A a 9 A A 1 9
YRe A9 auanaziiuIl vilsdeuil willou deyans luuas ezanaanils dissmdeyasen
3 4
i mnTulsunswiids call w2195 SmmesauaniifiumdumisduvesTusunsu ( pC)
nouf 9z i1 Tilsunsudes e TsunsudemaSe udreziud luauan 1880 TUsunsy
audn Tagdnaan Tdsunsy szdmualdeglunsumely

2.10 33e11A03 Data Pointer ( DPTR )

a 4 dy o [ ;o ] 7 ] o

Fmeed  dlddmivadumissiallsunsundedoyaluntisanuin  Taodu

Aaa 4 a & Y aa 4 - | o v A =3

FADIVUIN 16 Tn Be1lsznouatiTames 2 @1 An DPL dwmish 820 Tasezifudiy 8
’ v k4 4

Tafn uaz DPH fuviiad 83H lageziiud 8 dage Siamosviscesdafiozsufunaesiu

s 16 Tn dwndesnmidum ssH lufedumiseamizsaasideyaniuen

Aurei 1000H

2.11 3enAaINOIN ( Port Registers )

4 4 v ' o g
lu Mcs - 51 fveswesnznnefeimesmionnuiidag mndesnsdedoyan

WoiN ﬁxﬁma’mﬂﬁiméimmieﬁmiwmmi‘iﬁwa%’mfuagﬂu MCS - 51 Wesm 0 szegh
@uvinia 80H, wosh 1 1zogiidiumiis 90H, Wosn 2 azefiidumiis A uazwedn 3 soyfi
fuviis BOH wosn 0, 2 woz 3 Tewialuudaes lilddmmniimsdadefuntiennus
mouenvselfiffunesniimy ( 5y Sumesswi, wesndeaseynsy ) Taslndudiezld
woin 1 lumsAadefuginsalnmeuemesimanesnannsaddsdoyalusequiald
Fredradu dwesn 1 4 7 dedunaealv3faguit 2.7 Taothnauuy oc $re5unszuams
Tadavaoa i1 Taens a vie nded fin 7 vemmon 15
2.12 33a1m0 51301 ( Timer Registers )

Tu MCS - 51 wo¥ 8051 wiFdmansildfuinz Sunaiua 16 a 2 §aide Timer 0
ogfidumis 8AH uaz sCH Taekumis SAH vnefa TLO Feoxidlu 8 ludd ua scu

veds 8 ludge THO S3amestndde Tnidwes 1 Taeudadiu TL1 agidumis sBH iy

v

ludgdwoz THI egidwmis spH Wuludgs msldlndued exdessmuamsieanly

Aa . . & 12 o ' '
339903 TMOD ( Timer / Counter Mode Control Register ) BIDYNA LU 88H @ensu
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2.13 S3eAD WO 3MBYN TN ( Serial Port Register )

o 4 e 1) a & 1Y) v
MCS - 51 9ziinosniioa1seynsu ( Serial Port ) ogn1tludn deanunsnzsuvsods
9 - 9 9 Aaa 4 & £ 14l o ]
FoyauvveynsuliideudeyalinTiames SBUF ( Serial Data Buffer ) Geogiiduimiie 99H
1 t4
Tasthdosnmsdadoyauuveynsuldidoudoya 1S tamesdl AnesnoYNINEIITD
Tolsunsuldienla 4 Tuua TaeTdsunsurniSSames SCON ( Serial Port Control Register
) A1 98H
a a v d
2.14 Soenmosoume s Snv (Interrupt Port Register )
a J o ] ¥ A [ 1o
MCS — 51 a1508UmMps 5N In 5 Miinis Inodl 2 - priorite A umBs Nz Tk
ndsnnszuugnsda wag dhoundannidoudoyalufiitames £ nSodumis Asu
o o o ] w::;da 4 A o v
- SrvuanudiAgyawsorse 1an3vanes IP usedumue BSH

2.15 11111795 nenInsa S3aimes ( PCON)

H
1 o 1

330 PCON agfidumiia 87H ldngamsthauves MCs - 51 Tasazngatig
Toanannamszuy dlddeyad 9 awlu Mcs - 51 hilmsiounlamenaniiss
aandeeny Il Mcs - 51 asdae
2.16 HHIBANNNNBUDN ( External Memory )

MCS - 51 aunsednmissanudideyamousnla 64 Alalud  wazd
wiheanudilusunsunouenld 64 Alalud Mcs - 51 wldwesn o Tumsdredumia
miennui 8 daas uazldmesy o Sunesndeya ( Data ) A28 Tneldan ALE e
doyanesv o uazldwesy 2 Wuvrdrdmmia 8 fiauu (swandredumiis 16 1y Fadre'ld
64 Alalud ) wenwanedn 0 wldow 2 whilumsaedesuniisanuiezly 53
foAmandiznin dumisfudeyn Ansannngl HdesmsAadesumieanusiifu

a

oya 8 1n uazinu'la 64 flalud szdoslFmedannm 24 1du Ao Wundwmis 16 1Ju

2e

9

wazandoyn 8 1du gy uath19iToAmandneld Ao - A7 duundeyadisde Do - D7
b4 1 [

¢ Fmodyanaufios 16 Wuwiniy 1nglf 2.6 wiuduledssmsAndefuntizoaud

ez dad MR ILNLG AO - ALS BOMNABY 16 iU UOTNIIADNINT A0 - A7 vegalasuTiu

DO -D7



k—_ Memory Cywele

|
r]
a1 Address >
DO-D7 > Data L
(M) Nonmultiplexed (24 pin)
I‘“ Memory Cyele -'_..{ e
a8-a15 > Addrers T i
4D0-2D7 &ddress < Data e
AD0-4 = cuddres g oy

(1) Multiplexed (15 pin)

107 2.6 laozunsunqudganuildeudoya

2.17 MsAanenunHIeANNI Usunsumeuen
Tunsemdeyannmiisanusilusunsuniousn MCS - 51 vsdamdunuaung
! d ! gy ' 3 ' ' s o

wiwnnuiiesn lidou Famdumisssiueglu pC Tavdseanlunianesn o vaznesn 2
3 1 ] < a 4 1 o [ a 3

1NN LRI AT ALE  1iTuasdn “0” 1ionsf1duvuaued 8§ 1981 89 no<n o
:;I B [~ a 4 1 £ 4

nniuezdsfyaan1av PSEN Tniuaein «0” iiesudeyadaz 1dee1 1da 11 lUn1en

@ J ' - v o v =
terdoya Ao woin 0 lavzuniunamssdeyaninmiroanuinisuenuaasldsag

Rl

2.7
I‘-‘. One B aching Cyele ‘;]I
X £z 53 84 3 5% 87
|PtlniﬂlﬂfmfPi[ﬂlﬁlmlp?IH]P?hJ]Nf
(9510
ALE | ,
3 d
T T
l 1
S— f |
FSEN ; : | |
—, i ~, o+ |
Port 2 X PCH [ Pregenm Cowntes g Byse ) > |
h ! 1 . !
3 " b - R d /ﬁ\
Portd > < opeosr > FA < Bz

U 2.7 laezunsunamssudeyananuisanus lsunsunieuen
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2.18 msAasenunhaanuideyamenen
] o ¢ ' a 1w
NUWANNVOYAMIUDN MCS - 51 ausasiuuazilould lunmsaadediy
misanuiideyaniouen MCS - 51 swdenfmuadumisenn lmanesv o uaz wedn 2
z \ A J o ] ) (; ' Qsl‘
1INTUIZEIN ALE e llnsmidunis 8 Tadt Tnemsemdoudeyaiuez v RD (p3.7
) BT WR ( P3.6) N80
2.19 NSTUINNII3LDA ( Reset Operaiion )
ad A4 A Y o ' Y Yy a =~
MITBANTeITUANTIINIU IMvee MCS - 51 9gdnelvianin “1” Aiv1 RST Wurm 2

9y
A1URA1 (1 MUnal vty 12 dygnenidn ) nnduldnaudiuaesn <07
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UNnN 3

v
~

aa
NngEYNeIY ’("N

3.1 aufifilaienes (STEPPING MOTOR )

ey

aduemes unemesivuniesdewad Snuaemtuinaey nyusouunuld 360
parh Bnuae liaeilos uatidnuasdiumal Tnoudazaiidos Sumaonld 1,1.5,1.8 1150 2
parn ududas Inssadnvesnemesanyasii vwewmes 1114 exfuauiidosnts sumia
uriudn 1wy szuusuiadeoustuuiAui luns Ry ( PRINTER ) ssutdumaouiagiuly

A 3 @ 2R v g @ A o v )
INTONDIULUNANUUNINAN STUVVLIRADUMLLITeIthnmlu X-Y PLOTER L“flumu

a ;) < d
3.1.1 amﬂuaﬂmmsn«ummmﬂmmas

o A Jd < J o aady M a
MINUYANIANIE AosaLUmAilesuamesNeg 2 T5AD uuyluTnars (bipolar) wazuuy gu

v

Twans (unipolar)

3 I'd o I o ) 3 v 3 rd
aalesvowmesuuylu Tnasimsiuvaaia 1 sauuudaz M S nvoIdaaDS

3 - e o P ° ¥ a
'az,mmanmﬂmuvummﬂaiQnmnuﬂiﬂa‘nﬁmwmmzuﬂ‘lwﬂ"n taza1usoildifg

] = v oa A o a
mmnmé‘niuﬂﬁmmsﬁm”lﬁ“lﬂﬂmﬁﬂa‘uwﬂmams'lﬁmmﬂizuﬁ"lwﬂw FINTINVUAT A

v b4 v

ms lnavezmsnduismevesnsgua i 18 Taems e 3adsansduda W figaueme s

suene Ildoeanuuiios 4 a1y

¥

4 a 4 ~a (] v @ [l
amllesuewmesunugi Inanfaslimsiuvanin 2 va vuudasdusimdnvosam
P v o VY a 3 ] =] o 9 [ @ 3 ] [~ = °
mawauﬂazﬂm%zm‘lﬂmmmmman'luﬂﬂmamwmﬂu msﬂaiumuumamﬂaﬂu'lﬂmm

-~ A B & 2 .
TaTasmsadazanszua liihonvaadnuaniie 1US® nuanilaunumiingu

19318Mas e swemesuuugil Inarir Iddendwou Ty Tnafimsz iy

dosmsivsndadsssualumsdanaztamde i g suvaarnuummee Sufianems

S 4

Y ] [~ Y a 3 Fd P Y c.:' o Y
ﬁi,jub],ﬂﬂu’ﬂ 8fJNul'ianiJﬂﬁWH‘lJﬂﬁ’!ﬂLLiJ‘nguTWﬁﬁﬂN‘Qﬂﬂﬂﬂﬂi\i‘ﬂﬂ']i‘wulmﬂu v

a a 9 v o a A é 2 a Y Y o ] u’l’
Lﬂﬂuﬁﬂ‘ﬂﬂuﬂﬂﬂ’ﬂlm‘ﬂ'hlIWﬁ'liL‘W5'13'11&7\!ﬂ\iﬂi\lﬂﬂ@ﬂlﬂ&ﬂlﬂﬁ?ﬂ“ﬂgﬂﬂigG]uclﬁﬂ'lﬂ'lum'luu

fauewaszliane 1Wapoonin 5 3o 6 e
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1 @ g 1 e Y

-::::u,
“ st
WU 4 88 2 WS WUL 5 818 4 iNWE WUy 6 818 4 Wa

510713.1 waemsTLIRaIALL AR YR IS uBInD S aushadlunuyluTnars g

=)

fuvdoidluuu i nans
afisomosluilogiingl 3 Anuaedadl

1 I S =]
L. BUULIIMAN13 ( PERMANENT MAGNET PM ) atduomasuny pM aziima
2 { o = ¢ < .
w03 (STATOR ) Niuuaaaa inatw o Tna Taoll T5mes (ROTOR )ifluginsanszuonily
A do Y g = Yo ¢ o q ¥ a
ov uaz lamasmdoutimanoas wetleu linszuanss Idhuvaaamos aziilifaus <

' I o J o 9 Jd 4 a = Y 4
wiiman Tihndngiolanes Mldvemeinyuuomesuuy PM aziiausipatali Tunesnga

=

agiui udaz lulatlouluitwanaa

AW 4 I~}
2. uyuudsmsanuaAus ( VARIABLE RELUCTANCE- VR ) at@Uuoinosiuuy VR o
= 4 1 a ] 1 ) a o @
Iimsnyulnnos loo1sdase udez lildse i lsnnesinnamsmes Tsuunudn saa

20U UANYUY Lﬂui’fqumaa sUnssnszvenlaveziinnuduiug TasasatusiuiuInalume

'
! a

w03 usafafifadue ¢linyulsmed Whudumavesdnnomimaniisiag nunsis iiige
fumisivgfauivounnsiiadusnmudeziiatu dnars 4 qﬂﬁaﬁmﬁaﬁaﬂw;mwm@
' Jd 1 w U S o Y J o ' ' [ 4

13 9 Tuwewasuanamavaiu il A lduewes nyulddumisae 9 fulsnosves VR ag

a 4 J a < ' J
wmmgﬁawmiimaﬁﬂ'@ﬁwmmmtaﬁ@uqamwmmommu PM

I J w
3. uuuway (HYBRID-H ) aiftuomosuuy H vzilugnnauved VR fu PM Tages

- ¢ Y o aq Y I v £ Ao ' & Aso w
Haamasadionunlyly VR Tamesivuinidu Yarndsidnyazvesmsulmaniniideas
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v
Tagmsmiuquawingilsevemunuimanediesdn v ldyn msnyunazadidosuay

1 o Y adA 9 a a v @ 9 =< 7A o A ]
wiud veanae TMusslaguuaziivinanseinia uagliusegadalsmefisiufinou 'l

918

1
1
[ PERMANENT
SOMMON GNET ROTER
V)
dio_r\‘*m z W@’;
L7/ 4
\\V /Imm
3 COL
28
. 1l

U 32 uaas () Taseadne (v) 2esiouni (equivalentcircuit ) W09uBH0Y 31in 4 61

\L_ﬂﬂﬁ‘hﬂﬂ?‘zwﬁ‘lﬂﬂ'\ ¢1 ¢1¢)2 (bz ¢2¢3 ¢3 ¢73¢4 [-(E ¢4¢’1
dumistnged T2l |8 e |a D

A3 97 3.3 uaaayuves Tameseutunszua i wusmladis o 8 dummia

nndnyuzvesyu lawesnyusunssua lWidoundilade q svaansadenuls

adluemesuynld 3 otha Ao

1. suudenszud W ITMmdorudouiu’lyl Son ONE-EXCITATION 1159 HALF DRIVE
v
fiv f1, £2 £3, f4 M3 OUT EXCITATION uuviiuseineiioy

2. nuudenszua I ldndouduiifen 2 fi5en TWO-EXCTATION H3e FULL STEP &6 f12

E4
, 2263 , 1364, fafl nyuRounu luuutiuseSaszunn

61916
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3. nuutienseua a1 wla aduiy 2 wla Son ONE-TWO EXCITATION Mo ased

] 9
) mileugiluansveayulsmesaisieh 2.6 udsuuiifouadn iy diuassiudw

afl (WA |[wlaB  |{wlac |wlaD
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19-4452; Rev 1. 5/92

Serially Interfaced, 8-Digit LED Display Driv;er

General Description

The MAX7219 is a compact, serial input/output common-
cathode display driver that interfaces microprocessors
(1Ps) to 7-segment numeric LED displays of up to 8 digits,
bar-graph displays, or 64 individual LEDs. Included
on-chip are a BCD code-B decoder, multiplex scan
circuitry, segment and digit drivers, and an 8x8 static
RAM that stores each digit. Only one external resistor is
required to set the segment current for all LEDs.

A convenient 3-wire serial interface connects to all com-
mon uPs. Individual digits may be addressed and up-
dated without rewriting the entire display. The MAX7219
also allows the user to select code-B decoding or no-
decode for each digit.

The MAX7219 includes a 150pA low-power shutdown
mode, analog and digital brightness control, a scan-limit
register which allows the user to display from 1 to 8 digits,
and a test mode which forces all LEDs on.

Applications

Bar-Graph Displays

7-Segment Displays
Industrial Controllers
Panel Meters

LED Matrix Displays

Pin Configuration

W AXKI

Features

4 10MHz Serial Interface

¢ Individual LED Segment Control

4 Decode/No-Decode Digit Selection

¢ 150pA Low-Power Shutdown (Data Retained)
¢ Digital and Analog Brightness Control

¢ Display Blanked on Power-Up

¢ 24-Pin DIP and SO Packages

¢ Drives Common-Cathode LED Display

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX7219CNG 0°Cto+70°C 24 Narrow Plastic DIP
MAX7219CWG  0'C10+70'C 24 Wide SO
MAX7219C/D _ 0C10+70°C Dice*

MAX7219ENG  -40°C10 +85'C 24 Narrow Plastic DIP |
MAX7219EWG ~ 40°C10 +85°C 24 Wide SO
MAX7219ERG ~ -40'C10+85'C 24 Narrow CERDIP

* Contact factory for dice specifications.

Typical Application Circuit

86668888
- W.W.V.U.UU.U.
DN 1] 24] 00UT 5V
oigo [2] 23] seco
064 [3] Amaxran [75] sicor -
oND E MAX7219 21] seGE 953k Vi
18_ 561 DIG 0-
oi66 [5] 20] SeGC DIG7
SERIAL 1 o 8DIGITS
062 ] [19] v+ oaTAOUT | Mmaam
MAX7219
0163 [7] 18] 1SET LOAD OUT 2 o
D67 [8 7] SEGG
(e] 17] CLOCK OUT B ok SSEEGGADGP
oo o} 16] SE68 9 oo 8 SEGMENTS
DIG5 E 15] SEGF
061 1] 1a] SEGA GND
LoD [iz] [13] cix !
DIP/SO 8-DIGIT uPDISPLAY
AAAXXIAN Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.

GLCLXVIN



MAX7219

Serially Interfaced, 8-Digit LED Display Driver

ABSOLUTE MAXIMUM RATINGS

Vo VOIBEE & o s 3w v v s somns « o coommacs & © semmss & wamins ™ Operating Temperature Ranges:
DIGO-DIG7 SinkCurrent . ......... ... .cooeniuni.. 500mA MAX7219C _G ... .. oo 0'Cto +70C
SEG A-G, DP Source Current MAX7219E_G ... .ot -40'Cto +85°C
Input Voltage (any pin) .. Storage TemperatureRange .............. -65'Cto +160°C
Continuous Power Dissipation (TA = +85°C) Lead Temperature (soldering. 10sec) .. ........... +300°C
Narrow Plastic DIP e = ¢ siswns ¢ & saseion § ¢ musisi s 0.87W
WKIE SO ovw s 5« wwnin 3 sawsmn 5 ¥ v il : o 0.76W
CERDIP cocvissvsumun s vvmnwnss o s s . o 1.1W

Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only. and functional
operation of the device al these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure lo
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(V+ = 5V £10%, RSET = 9.53kQ +1%, TA = TMIN to TMAX. unless otherwise noted.)

Note 1: Guaranteed by design.
2

B PARAMETER SYMBOL CONDITIONS MIN __ TYP  MAX 'UNITS
Operating Supply Voltage V+ 4.0 6.0 %
Shutdown Supply Current 10 | Shuidown asier Serio 0 Tas 125°C 150 | A

| Rser = infinity 8 | mA |
Operating Supply Current lop All segments and decimal points on, 330 —
ISEGO = -40mA A 1]
Display Scan Rate fosc V+ = 5V, 8 digits scanned . 500 1300 2000 | Hz
Digit Drive Sink Current [[o]1el} Ta = +25°C, V+ = 5V, Vourt = 0.65V 320 mA
Segment Drive Current Source ISEGO Ta = +25°C, V+ = 5V, Voyt =V+ - 1V -30 -37 -40 mA
Segment Drive Current Matching 3.0 N %
Digit Drive Source Current IDIGO Digit off, Vour = V+ - 0.3V -2 mA
Segment Drive Current Sink ISEGI Segment off, Vout = 0.3V 5 mA
LOGIC INPUTS ]
DIN, CLK and LOAD £
Input Current | Vin =0V 4 uA
Vin = V+ B
Logic 1 Input Valtage ViH 35 A
| Logic O Input Voltage Vi .08 \
Hysteresis Voltage DIN, CLK. and LOAD 1.0 LoV
DOUT
Output High Voltage VOH louT = -1mA, V+-1.0 v
lout -1pA V+
Output Low Voltage VoL DOUT, loyt = 1.6mA 04 \

| Data-Hold Time DATAIN to Clock tDH 0 -5 ns
Data-Setup Time DATAIN To Clock 1ios 25 _| ns
Clock-to-Serial Qutput Prop Delay torPD CLoAD = 50pF 25 ns
Clock Low Time LCKL 50 ns
Clock High Time CKH 50 |_ns
Data-to-Segment Prop Delay (Note 1) | tospo | CLoab = 50pF 0 225 ms
Iﬁci)gggRés&rég Edge to Next Clock WLDCK 50 fis
ggsg %ﬁ%gad Rising Edge CKLD 0 o
Load Low Time tLoL 50 ns
Load High Time tLDH J 50 ns

MAXIM



Serially Interfaced, 8-Digit LED Display Driver

Typical Operating Characteristics

) SEGMENTDRIVER
SCANFREQUENCY vs. OUTPUTIMPEDANCE
SUPPLYVOLTAGE vs.SEGMENT CURRENT
1400 800
Taz425C /| [ m=resc |
1350 ] M - _—
4 - N\ Vi -15v
S 600
s 1300 / § ViED = ZV\
> = 500
Q 1250 A ?
= S b =
S 1200 / 5 AN
= T a0 RN
50 3 \
11
1100 1 100 I [
4 45 S 55 6 10 20 30 40
SUPPLY VOLTAGE (V) SEGMENT CURRENT (mA)
Pin Description
PN NAME | FUNCTION -_ 11
1 DIN Serial Data Input. Data is loaded into an internal 16-bit shift register on the rising edge of CLK. |
12, 3,58 10, 11 DIGO-7 8 digit drive lines that sink current from the display.
4,9 GND Ground (both GND pins must be connected) /
12 LOAD Load Data Input. On LOAD's rising edge. the last 16 bits of serial input data are latched.
13 CLK Clock Input. 10MHz maximum rate. On CLK's rising edge, data is shifted into the internal shift
register. On CLK's falling edge, dala is clocked out of DOUT. B
14-17, 20-23 | SEG A-G, DP | 7-segment drive and decimal point lines that source current to the display. -
18 ISET Connect to V+ through a resistor (RsgT) 10 set the peak segment current
(Refer to "Selecting RseT Resistor” seclion).
— —
19 V+ Supply Voltage 4 _
| 24 DOUT Serial Data Output. The data into DIN is valid at DOUT 16.5 clock cycles later.

MAXIM 3
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Serially Interfaced, 8-Digit LED Display Driver

Block Diagram

SEGMENT DRIVER!

!
DIGIT DRIVERS 8

o
Vi } 8 e ) l
CODEB > SHUTDOWN REGISTER — i
SEGMENT RSET | ROM WITH - MODE REGISTER INTENSITY
CURRENT BYPASS PULSE
REFERENCE| |- INTENSITY REGISTER —{ wiDTH
8 TREGH MODUL-
SCAN LIMIT REGISTER o
8X8 L | DISPLAY TEST REG
Duéa{'mm ' MULTIPLEX
-‘—’ SCAN
——Jj CIRUITRY
8 ¥ [Tavoress B
| REGISTER
porty DECODER
/’(4\
DIN Do] 1] 02 03] 04] 05 Ds] 7] 08] DS[L1DIIDI2 oqmjms[} - DoUT
CLK !
(LS8) (MSB)

TABLE 1. SERIAL DATA FORMAT (16 BITS) )

D15 | D14 [ D13 [ D12 [ D11 [ Do ] b9 [ b8 | o7 [ 06 | D5 . pa | D3 | b2 | b1 | DO
x | x I x [ x ADDRESS MSB DATA LSB |
X = *don't care” bit

<——— DATAPACKETN-1 e 16-BIT DATA PACKET N PRTAPACIET N1
i Ac (@ 15MS8) | BT 1ATHA 1 BITO(LSH)
BIT1
t
/ \ " \ Jam— — —
. I NN £ 7| ' kS /
1 '
& lck —
IckLD — y / ; |LD1.‘
3 w— besgzs
w | Y W
r‘-l.DCK—b ! .
loH l ' e =
!q— tios : :
DIN y '_ . =
%% Lol S q,fﬁﬂ‘éﬁlﬁw - K VALID DATA. K1 vaupoATA
BT15 B4 . DRTAPACKET o1, TATAPACKET N1,
00—l e x . BIT1S BIT 14
y J L . —
oour | XO{ vaupoama, “(3 VALIDDATA, ! ] (] vaupoata, KT vauoowta
! DATA PACKET N-1 ACKETN-1. ATAPACKETN, KETN,
BT15 BIT 14 BIT 15 BIl 14

Figure 1. Timing Diagram
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Serially Interfaced, 8-Digit LED Display Driver

Detailed Description
Serial Addressing Modes

Serial data at DIN, sent in 16-bit packets, is shifted into
the internal 16-bit shift register with each rising edge of
CLK. The data is then latched into either the digit or
control registers on the rising edge of LOAD. LOAD must
go high concurrently with or after the 16th rising clock
edge, but before the next rising clock edge or data will
be lost. Data at DIN is propagated through the shift
register and appears at DOUT 16.5 clock cycles later.
Data is clocked out on the falling edge of CLK. Data bits
are labeled DO-D15 (Table 1). D8-D11 contain the reg-
ister address, D0O-D7 contain the data, and D12-D15 are
"don’t care” bits. The first bit received is D15, 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
individual digits can be updated and retain data as long
as V+ typically exceeds 2V. The control registers consist
of: decode mode, display intensity, scan limit (number of
scanned digits), shutdown, and display test (all LEDs on).
A no-operation (no-op) register is also included, which
allows data to be passed from DIN to DOUT when de-
vices are cascaded without changing the display or
affecting any control registers.

Shutdown Mode

When the MAX7219 is in shutdown ‘mode, the scan
oscillator is halted, all segment current sources are pulled
to ground, and all digit drivers are pulled to V+, thereby
blanking the display. Data in the digit and control regis-
ters remains unaltered. Shutdown can be used to save
power or as an alarm to flash the display by successively
entering and leaving the shutdown mode. For minimum
supply current in shutdown mode, logic inputs should be
at ground or V+ (CMOS logic levels).

Typically, it takes less than 250us for the MAX7219 to leave
shutdown mode. Note that the display driver can still be
programmed while in shutdown mode, and that shutdown
mode can be overridden by the display-test function.

Table 2. Register Address Map

ADDRESS HEX
S, D15-D12 D11_D10__ D9 ps CODE
NO-OP X 00 0 0 X0
DIGIT 0 X 0 0 0 1 X1
DIGIT 1 X 0 0 1 _ 0 X2
DIGIT 2 X 0 0 1 1 X3
DIGIT3 X 0 1 0 o X4
DIGIT 4 X 0 10 1 X5
DIGITS X 0 Wi 10 X6
DIGIT6 X 0o 1 1 1 X7
DIGIT 7 X i 0 0 _ 0 X8
DECODE MODE___ X 100 1 X9
INTENSITY X iR A V) XA
SCAN LIMIT X 10 1 1 XB
SHUTDOWN X 1 d 0 0 XC
DISPLAY TEST X 1 1 1 1 XF

Table 3. Shutdown Register Format
(Address (Hex) = XC)

ADDR CODE REGISTER DATA
(HEX) b7 D6 D5 D4 D3 D2 D1 DO
SHUTDOWN
SORE XC X X X XX X X 0
NORMAL
OPERATION XC X X X X X X X 1

Initial Power-Up

On initial power-up, all control registers are reset, the
display is blanked, and the MAX7219 enters shutdown
mode. Therefore the user must program the display
driver prior to display use since it will initially be set to
scanone digit, itwillnot decode data in the dataregisters,
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 logic high
selects code B decoding while a logic low bypasses the
decoder. Examples of the decode mode control-register
format are shown in Table 4.

Table 4. Decode-Mode Register Examples (Address (Hex) = X9)

REGISTER DATA

D7 D6 D5 D4 D3 D2 DI DO (HEXCODE)
NO DECODE FOR DIGITS 7-0 O 0 0 0o 0o 0o o 00
CODE B DECODE FOR DIGIT 0
NO DECODE FOR DIGITS 7-1 ¢c @ 9 @® @ 0 1 o1
CODE B DECODE FOR DIGITS 3-0
NO DECODE FOR DIGITS 74 e 2 0 @ 1 1 1 OF
CODE B DECODE FOR DIGITS 7-0 1111111 FF
MAXIM 5
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Serially Interfaced, 8-Digit LED Display Driver

Table 5. Code B Font

7-SEGMENT REGISTER DATA ON SEGMENTS = 1 ]
CHARACTER D7 D&Da D3 D2 DI DO o 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 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 Q 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 0 1 0 0 0 0o 0 0 0 1
E X 1 0 1 G 1 0 0 1 1 1 1
H X i 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 1 1 1 0 1 1 0 0 1 1 1
blank X 1 1 1 1 0 (9] 0 [¢] [} 0 0
* The decimal point is set by bit D7 = 1
When the code B decode mode is used, the decoder Intensity Control and
looks only at the lower nibble of the data in the digit Interdigit Blanking

registers (D3-DQ), disregarding bits D4-D6. D7, which
sets the decimal point (SEG DP), is independent of the
decoder and is positive logic (D7=1 turns the decimal
point on). The code-B font is listed in Table 5.

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

Table 6. No-decode Mode Data Bits and Corresponding
Segment Lines
A

=
AL
] STANDARD 7-SEGMENT LED
1L
5 o#
REGISTER DATA
D7 D6 D5 D4 D3 D2 D1 DO
S DPABCDEFG

The MAX7219 allows the display brightness to be
controlled with an external resistor (RSET) con-
nected between V+ and ISET, and digitally using
the intensity register. The peak current sourced
from the segment drivers will nominally be 100
times the current entering ISET. This resistor can
either be fixed, or variable to allow brightness
adjustment from the front panel. [ts minimum value
should be 9.53kQ; which typically sets the seg-
ment current at 37mA.

Digital control of segment current is provided by an
internal pulse-width modulated DAC, which is
loaded from the lower nibble of the intensity register.
The DAC scales the average segment current in 16
steps from a maximum of 31/32, down to 1/32 of the
peak current set by RSET. The intensity register
format is listed in Table 7. Maximum brightness oc-
curs with a duty cycle of 31/32 because the interdigit
blanking time is set to 1/32 of a cycle. Interdigit
blanking time can be increased by decreasing the
duty cycle.

maxim




Serially Interfaced, 8-Digit LED Display Driver

Table 7. Intensity Register Format
(Address (Hex) = XA)

Table 8. Scan-Limit Register Format
(Address (Hex) = XB)

DUTY REGISTER DATA (HEX REGISTER DATA (HEX
CYCLE p7 ps D5 D4 D3 D2 D1 Do CODE) D7D6D5D4D3D2D1D0 CODE)
(n%sgn) X X X X 0 0 0 0 X *DISPLAYDIGITOONLY X X X X X 0 0 0 X0
;/32 7 X 0 0 o T *DISPLAYDIGITS0&1 X X X X X 0 0 1 X1 _
- X x X 0 0 o o0 “DISPLAYDIGITS012 X X X X X 0 1 0 X2
i r w o a DISPLAYDIGITS0123 X X X X X 0 1 1 X3
: DISPLAY DIGITS
9/32 X X X X 0 1 0 0 X4 01234 XX XXX 100 X4
11/32 X X X X 0 1 0 1 X5 DISPLAY DIGITS
XX X X 1 5
1332 X X X X 0 1 1 0 X 012345 5 -
DISPLAY DIGITS
I T a7 i S EE RN
DISPLAY DIGITS
19/32Z X X X X 1 0 0 1 X9 01234567 X X XXX 111 X7
21/32 X XX X 1 0 1 0 XA * See "Scan-Limit Register” text for application.
2332 X KB %o W Ommsid MU X8 .
2532 X X X X 1. 1 0 0 XC B?bllte Dgl lbfaxtmum Segment Current for 1,2 or 3
232 X X X X 1 1 0 1 __XD 3 e
29/32 X X X X 1. 1 1 0 XE NUMBER OF DIGITS MAXIMUM SEGMENT
P DISPLAYED CURRENT
maxon) N E 3 4 e XF 1 10mA
2 20mA
Scan-Limit Register 3 30mA

The scan-limit register sets how many digits are displayed,
from 1to 8. They are displayed in a multiplexed manner
with a typical display scan rate of 1300Hz with 8 digits
displayed. If fewer digits are displayed, the scan rate is
8fosc/N, where N is the number of digits scanned. Since
the number of scanned digits affects the display bright-
ness, the scan-limit register should not be used to blank
portions of the display (such as leading zero suppres-
sion). The scan-limit register format is listed in Table 8.

If the scan-limit register is set for three digits or less, .

individual digit drivers will dissipate excessive amounts
of power. Consequently, the value of the RSET resistor
must be adjusted according to the number of digits
displayed, to limit individual digit driver power dissipa-
tion. Table 9 lists the number of digits displayed and the
conesponding maximum recommended segment cur-
rent when the internal digit drivers are used.

Display-Test Register

The display-test register operates in two modes: normal
and display test. Display-test mode turns all LEDs on by
overriding - but not altering — all controls and digit
registers (including the shutdown register). In display-
test mode, 8 digits are scanned and the duty cycle is
31/32. Table 9 lists the display-test register format.

MAXIMM

Table 10. Display-Test Register Format
(Address (Hex) = XF)

REGISTER DATA
D7 D6 D5 D4 D3 D2 D1 DO

NORMAL OPERATION X X X X X X X 0

DISPLAY TEST MODE X X O "X FF X X 1

Note: The MAX7219 remains in display-test mode (all
LEDs on) until the display-test register is recon-
figured for normal operation.

No-Op Register

The no-op register is used when cascading MAX7219s.
Connect all devices’ LOAD inputs together and connect
DOUT to DIN on adjacent MAX7219s. DOUT is a CMOS
logic level output that easily drives DIN of a successively
cascaded MAX7219. Refer to the "Serial Addressing
Modes" section for detailed information on serial
input/output timing. For example, if four MAX7219s are
cascaded, then to write to the fourth chip, send the
desired 16-bit word, followed by three no-op codes (hex
X0XX, see Table 2). When load goes high, data is latched
in all devices. The first three chips receive no-op com-
mands, and the fourth receives the intended data.

7
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Applications Information
Supply Bypassing and Wiring
To minimize power-supply ripple due to the peak digit
driver currents, connect a 10uF electrolytic and a 0.1pF
ceramic capacitor between V+ and GND as close to the
device as possible. The MAX7219 should be placed in
close proximity to the LED display, and connections
should be kept as short as possible to minimize the
effects of wiring inductance and electromagnetic inter-
ference. Also, both GND pins must be connected to
ground.

Selecting Rsev Resistor and Using
External Drivers

The current per segment is approximately 100 times the
current in ISET. To select RseT, see Table 11. The
MAX7219's maximum allowable segment current is
40mA. For an LED forward voltage drop of 2.5V, RSET
must be greater than 9.53k. For segment current levels
above the MAX7219 limits, external drivers will be
needed. In this application, the MAX7219 serves as only
a controller for other high-current drivers or transistors.
Therefore, to conserve power in the MAX7219, use
RSET = 47k when using external current sources as seg-
ment drivers.

The example in Figure 2 uses the MAX7219's segment
drivers, a MAX333 single-pole double-throw analog
switch, and external transistors to drive 4.0"
AND4107SCL common-cathode displays. The 5.6V
zener diode has been added in series with the decimal
point LED because the decimal point LED forward volt-
age is typically 4.2V, while for all other segments the LED
forward voltage is typically 8V. Note that since external
transistors are used to sink current (DIG 0 and DIG 1 are
used as logic switches), peak segment currents of 40mA
are allowed even though only two digits are displayed.
In applications where the MAX7219's digit drivers are
used to sink current and fewer than four digits are dis-
played, see Table 9 which specifies the maximum allow-

Table 11. RSET vs. Segment Current and LED
Forward Voltage

VLED (V)

(',ﬁf-g 15 2 25 3 35
40 13 104 938 89 78
30 16.3 15 14 129 114
20 %2 246 228 209 186
10 60.1 56 517 47 419

able segment current. RSET must be selected accord-
ingly (see Table 11).

Refer to the "Power Dissipation® section to calculate
acceptable fimits for ambient temperature, segment cur-
rent, and the LED forward-voltage drop.

Table 12. Package Thermal Resistance Data

ook THERMAL gjﬁ)SlSTANcF

24 Narrow DIP +75°CW )

24 Wide SO +85°C/W

24 CERDIP +60°C/W

Maximum Junction Temperature (Ty) = +150°C

Maximum Ambient Temperature (Ta) = +85°C -—_
Computing Power Dissipation

The upper limit for power dissipation (PD) for the
MAX7219 is determined from the following equation:

PD = (V+ x 8mA) + (V+ - VLED)DUTY x ISEG x N)
where:

V+ = Supply Voltage

DUTY = Duty Cycle set by intensity register

N = number of segments driven (worst case is 8)

VLED = LED forward voltage

ISEG = Segment Current set by RSET
Dissipation Example:

ISEG = 40mA, N = 8, DUTY = 31/32, VLED = 1.8V at
40mA, V+ =525V

PD = 5.25V(8mA) + (5.25V - 1.8V)(31/32 x 40mA x 8)
=1.11W
Thus, for a CERDIP package (8JA = +60C /W from table 12),
the maximum allowed ambient temperature T is given by:
Tumax = TA + PD x 64
+150°C = TA + 1.11W x +60°C/W
TA =+83.4°C

Cascading Drivers

The example 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-limit registers to the same number
so one display will not appear brighter than the other. For
example, if 12 digits are needed, use 6 digits per display

MAXILAN




Serially Interfaced, 8-Digit LED Display Driver

i
s AND4107SCL 1 ‘ l 5 AND4107SCL
; ANODE DP :
3| ANODEA 5| ANODEA
5| ANCDEF 5 | ANODEF
ANOD! =
1o AoDEB <0 | ANODEB
o] ANODEG 7| MoDEs
7| ANODEC L " anopec
sl . ANOOEE i ANODE E
56vV45% Y ANODED CATHODE ANODE?_CA_nmg_v J
8 8
2
21| SE6D
‘_ | SEGE
pe B2
%] 5% amana 5
515508 mAx7219 19
Ay & Ve — 4K
— st6a Wb
2 953k b AM—
L — ———seGop 5 DA Tk 5
4 1 PN .
—{ oo tgr |—
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iv GND P J
L NC2 Com1 ;
DATAIN » - g Y] sdimana |
— DN DiGO [ 10 1IN MAX333 IRF523
LOAD »—————— L0AD DIG1 2N com2f—
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N0z

5

[
5V IRF523

Figure 2. MAX7219 Driving 4 Inch Displays
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with both scan-limit registers set for 6 digits so that both for 6 digits and the other for 5 digits, the second display
displays have a 1/6 duty cycle per digit. If 11 digits are will appear brighter because its duty cycle per digit will
needed, set both scan-limit registers for 6 digits and be 1/5 while the first display's will be 1/6. Refer to the “No
leave one digit driver unconnected. |f one display is set Op Register" section for additional information.

L] 8l 8. B. 8' 8. 8. BI —1 8! 8. 8. 8' 8' 8‘ 80 8.
NN A DEENRN
8 8 8 8 Py
DATAIN » DIN DOUT f—1- DIN DoUT
— DIGO SEGD 4 DIGO SEG D }—]
|—] DIG4 SEG OP f— — DiG4 SEG DP
GND SEGE 1 sV GND SEGE sV
1 DiGe SEG C f— — D66 SEGC |
DIG 2 - —1 DG 2 Vs
P: DIG3 & ——J\;\;j . st |
—{ DIG7 SEGG§—1 952 —{ oiG7 SEGG f— 953
GND SEGB |—* + {GND SEGB
= 1065 sg(;;j = k DIGS SegF
L1 Dic1 SEG A — AL DIG 1 SEGA|— MaLAa
r LOAD CLK MAX7219 [ LOAD CLK |~ I MAX7219
LOADDATA »— —l
CcLOCK &

Figure 3. Cascading MAX7219s to drive 16 7-segment LED digits.

Chip Topography

DIGO DOUT SEG DP
DIG4 DIN |SEG D

GND SEG E ]
DIG6

SEG C .
DIG2 e __0096"

i (2.438 mm)

DIG3 tser

SEG G
DIGT
GND : - SEG B .

DIG5 | LOAD [SEG A|
DIGT CLK SEGF

0.103"
! (2616 mm)
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BiMOS II UNIPOLAR

STEPPER-MOTOR TRANSLATOR/DRIVER

OUTPUT g SUPPLY
K OUTPUT
80 ENABLE
OUTPUTp DIRECTION
GROUND GROUND
GROUND GROUND
OUTPUT ¢ [ 6 | STEP INPUT
Kig HALF-STEP
OUTPUTA ONE-PHASE
Dwg. W-194

Note that the UCN5804B (dual in-line package)
and UCN5804LB (small outline IC package) are
electrically identical and share a common pin
number assignment.

ABSOLUTE MAXIMUM RATINGS

Output Voltage, Vcg -.coeeeeemeeeeeenercencnnnncs 50V
Output Sustaining Voltage,

VGE (sug) rweeeresressessessraseaseasensmasaasessases 35V
Output Sink Current, loyt «wweeeeeeeeseeeene 15A
Logic Supply Voltage, Vpp «eeeeeceeresenas 7.0V
Input Voltage, Vin c-eeeeeeeeeereccnescrnnenann 7.0V
Package Power Dissipation,

P smsasssssessscasssosssnmamsmnarsnsnsats See Graph
Operating Temperature Range,

T sosmsmsssmsemmmusosessess -20°C to +85°C
Storage Temperature Range,

Tigmcerenmnmsiisisvssammassravnssns -55°C to +150°C

Combining low-power CMOS logic with high-current and high-
voltage bipolar outputs, the UCN5804B and UCN5804LB BiMOS |l
translator/drivers provide complete control and drive for a four-phase
unipolar stepper-motor with continuous output current ratings to 1.25 A
per phase (1.5 A startup) and 35 V.

The CMOS logic section provides the sequencing logic, DIREC-
TION and OUTPUT ENABLE control, and a power-ON reset function.
Three stepper-motor drive formats, wave-drive (one-phase), two-
phase, and half-step are externally selectable. The inputs are compat-
ible with standard CMOS, PMOS, and NMOS circuits. TTL or LSTTL
may require the use of appropriate pull-up resistors to ensure a proper
input-logic high.

The wave-drive format consists of energizing one motor phase at a
time in an A-B-C-D (or D-C-B-A) sequence. This excitation mode
consumes the least power and assures positional accuracy regardless
of any winding inbalance in the motor. Two-phase drive energizes two
adjacent phases in each detent position (AB-BC-CD-DA). This
sequence mode offers an improved torque-speed product, greater
detent torque, and is less susceptible to motor resonance. Half-step
excitation alternates between the one-phase and two-phase modes
(A-AB-B-BC-C-CD-D-DA), providing an eight-step sequence.

The bipolar outputs are capable of sinking up to 1.5 A and with-
standing 50 V in the OFF state (sustaining voltages up to 35 V).
Ground-clamp and flyback diodes provide protection against inductive
transients. Thermal protection circuitry disables the outputs when the
chip temperature is excessive.

Both devices are rated for operation over the temperature range of
-20°C to +85°C. The UCN5804B is supplied in a 16-pin dual in-line
plastic batwing package with a copper lead frame and heat-sinkable
tabs for improved power dissipation capabilities; the UCNS5804LB is
supplied in a 16-lead plastic SOIC batwing package with a copper lead
frame and heat-sinkable tabs.

FEATURES

1.5 A Maximum Output Current

35 V Output Sustaining Voltage

Wave-Drive, Two-Phase, and Half-Step Drive Formats
Internal Clamp Diodes

Output Enable and Direction Control

Power-ON Reset

Internal Thermal Shutdown Circuitry

Always order by complete part number, e.g.| UCN5804B |.
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TYPICAL INPUT CIRCUIT

Vbp

Dwg. EP-010-5

TYPICAL OUTPUT DRIVER

ouT

Dwg. EP-021-4

ouT =6.0°C
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Dwg. GP-049-2

TRUTH TABLE
Drive Format Pin 9 Pin 10
Two-Phase L L
One-Phase H L
Half-Step L H
Step-Inhibit H H

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1987,1998, Allegro'MicroSystems-Inc.



ELECTRICAL CHARACTERISTICS at Tp =25°C, T; <150°C, Vpp =4.5Vto 5.5V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex Vout =50V — 10 50 pA
Output Sustaining Voltage VCE(sus) lour=125A,L=3mH 35 — — \%
Output Saturation Voltage VCE(sAT) lout = 700 mA — 1.0 1.2 \%
lout=1A — 11 14 v
lout = 1.25 A = 12 15 Y
Clamp Diode Leakage Current IR VR=50V — 10 50 HA
Clamp Diode Forward Voltage Vg IF=125A N 1.5 3.0 \'%
Input Current lingt) Vin=Vop — 0.5 5.0 HA
lIN() Vin=0.8V — 05 50 pA
Input Voltage : Vine) Vpp=5V 3.5 = 53 \Y
' Vino) 0.3 —~ 08 Y
Supply Current Iop 2 Outputs ON = 20 30 mA
Turn-Off Delay ton 50% Step Inputs to 50% Output += = 10 us
Turn-On Delay tore 50% Step Inputs to 50% Output =1 - 10 us
Thermal Shutdown Temperature T, — 165 — °C
TIMING CONDITIONS
CLOCK MMM ML ML ML L L L P ML L
one pHase |9 [
HALF STEP | L
OUTPUT ENABLE ualilia 2 i r—
M) e | |
OUTPUTC "l'_‘|_+__} L L] I
i
ouTPUTD - et - N
TWO -PHASE , HALF-STEP {WAVE DRIVE |DISABLED
e T
Dwg. W-110A
A. Minimum Data SetUpTime ........................ 100 ns
B. Minimum DataHold Time .......................... 100 ns




APPLICATIONS INFORMATION

WAVE-DRIVE SEQUENCE
Internal power-ON reset (POR) circuitry Half Step =L, One Phase =H
resets OUTPUT, (and OUTPUTY, in the two- Step A B C D
phase drive format) to the ON state with
initial application of the logic supply voltage. POR ON OFF OFF OFF
After reset, the circuit then steps according to 1 ON OFF OFF OFF
the tables. 2 OFF ON OFF OFF
3 OFF OFF ON OFF
The outputs will advance one sequence 4 OFF OFF OFF ON
position on the high-to-low transition of the
STEP INPUT pulse. Logic levels on the
HALF-STEP and ONE-PHASE inputs will
determine the drive format (one-phase, two- TWO-PHASE DRIVE SEQUENCE
phase, or half-step). The DIRECTION pin
determines the rotation sequence of the Half Step =L, One Phase =L
outputs. Note that the STEP INPUT must be Step A B c D
in the low state when changing the state of
ONE-PHASE, HALF-STEP, or DIRECTION ROR _l ORg OFF ON
to prevent erroneous stepping. 1 ON OFF OFF ON
2 ON ON OFF OFF
All outputs are disabled (OFF) when 3 OFF ON ON OFF
OUTPUT ENABLE is at a logic high. If the 4 OFF OFF ON ON
function is not required, OUTPUT ENABLE
should be tied low. In that condition, all
outputs depend only on the state of the step
logic. HALF-STEP DRIVE SEQUENCE
During normal commutation of a unipolar Half Step = H, One Phase = L
stepper .mo‘tor, mutual coupling between the Step A B c D
motor windings can force the outputs of the
UCN5804B below ground. This condition will POR ON OFF OFF OFF
cause forward biasing of the collector-to- 1 ON OFF OFF OFF
substrate junction and source current from 2 ON ON OFF OFF
the output. For many L/R applications, this 3 OFF ON OFF OFF
substrate current is high enough to adversely 4 OFF ON ON OFF
affect the logic circuitry and cause misstep- 5 OFF OFF ON OFF
ping. External series diodes (Schottky are 6 OFF OFF ON ON
recommended for increased efficiency at low- 7 OFF OFF OFF ON
voltage operation) will prevent substrate 8 ON OFF OFF ON
current from being sourced through the
outputs. Alternatively, external ground clamp
diodes will provide a preferred current path
from ground when the outputs are pulled
below ground.
Internal thermal protection circuitry
disables all outputs when the junction tem-
perature reaches approximately 165°C. The
outputs are enabled again when the junction
cools down to approximately 145°C.
115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 .(508) 853-5000




TYPICAL APPLICATION
L/R Stepper-Motor Drive
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UCN5804B
Dimensions in Inches
(controlling dimensions)
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Dimensions in Millimeters
(for reference only)

16 NOTE 4 9
0 O s s O B B e B
711
6.10 ‘
28
7 LN 2 gz a e s

Dwg. MA-001-17A mm

NOTES: 1. Exact body and lead configuration at vendor’s option within limits shown.

2. Lead spacing tolerance is non-cumulative
3. Lead thickness is measured at seating plane or below.

4. Webbed lead frame. Leads 4, 5, 12, and 13 are internally one piece.
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UCNS804LB

Dimensions in Inches
(for reference only)
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Dimensions in Millimeters
(controlling dimensions)
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NOTES: 1. Exact body and lead configuration at vendor’s option within limits shown.
2. Lead spacing tolerance is non-cumulative
3. Lead thickness is measured at seating plane or below.
4. Webbed lead frame. Leads 4, 5, 12, and 13 are intemally one piece.




MOTOR DRIVERS SELECTION GUIDE

Function

Output Ratings *

Part Number t

INTEGRATED CIRCUITS FOR BRUSHLESS DC MOTORS

3-Phase Controller/Drivers +2.0A 45V 2936 and 2936-120
Hall-Effect Latched Sensors 10 mA 24V 3175 and 3177
2-Phase Hall-Effect Sensor/Controller 20 mA 25V 3235
Hall-Effect Complementary-Output Sensor 20 mA 25V 3275
2-Phase Hall-Effect Sensor/Driver 900 mA 14V 3625
2-Phase Hall-Effect Sensor/Driver 400 mA 26V 3626
Hall-Effect Complementary-Output Sensor/Driver 300 mA 60 V 5275
3-Phase Back-EMF Controller/Driver +900 mA 14V 8902-A
3-Phase Controller/DMOS Driver +4.0A 14V 8925
3-Phase Back-EMF Controller/Driver +1.0A 7V 8984

INTEGRATED BRIDGE DRIVERS FOR DC AND BIPOLAR STEPPER MOTORS
PWM Current-Controlled Dual Full Bridge +750 mA 45V 2916
PWM Current-Controlled Dual Full Bridges +15A 45V 2917 and 2918
PWM Current-Controlled Dual Full Bridge +750 mA 45V 2919
Dual Full-Bridge Driver +2.0 A 50V 2998
PWM Current-Controlled Full Bridge +2.0A 50V 3952
PWM Current-Controlled Full Bridge +1.3A 50V 3953
PWM Current-Controlled Microstepping Full Bridges ~ *1.5 A 50 V 3955 and 3957
PWM Current-Controlled Dual Full Bridge 1800 mA 33V 3964
PWM Current-Controlled Dual Full Bridge +650 mA 30V 3966 and 3968
PWM Current-Controlled Dual Full Bridge 1750 mA 45V 6219

OTHER INTEGRATED CIRCUIT & PMCM MOTOR DRIVERS

Unipolar Stepper-Motor Quad Driver 1.8 A 50 V 2544
Unipolar Stepper-Motor Translator/Driver 1.25A 50V 5804
Unipolar Stepper-Motor Quad Drivers 1A 46 V 7024 and 7029
Unipolar Microstepper-Motor Quad Driver 1.2A 46 V 7042
Voice-Coil Mator Driver +500 mA 6V 8932-A
Voice-Coil Motor Driver +800 mA 16V 8958
Voice-Coil (and Spindle) Motor Driver +350 mA 7V 8984

Current is maximum specified test condition, voltage is maximum rating. See specification for sustaining voltage

limits or over-current protection voltage limits. Negative current is defined as coming out of (sourcing) the output.

+  Complete part number includes additional characters to indicate operating temperature range and package style.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from
the detail specifications as may be required to permit improvements in the design of its products.

The information included herein is believed to be accurate and reliable. However, Allegro
MicroSystems, Inc. assumes no responsibility for its use; nor for any infringements of patents or
other rights of third parties which may result from its use.

115 Northeast Cutoff, Box 15036
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