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Programmable Stepping Motor Controller

Chanop Saetang
Prapart Ukakimapan Advisor
1999

ABSTRACT

This Project Is Development The Mechanical Design By Using Stepping Motor . That
Stepping Motor Has High Precision To Motion But Dificult To Set In To System. This Project
Will Use Microcontroller To Program For Easily Use Stepping Motor. So This Project can
control Motion Factor in Velocity Direction Step and Acceleration . And This Controller has /O

for Programming .
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Control Tugilil 2.15 Rensununadiedygnm PSEN drlleudygnunesn o rlfin Ea
e hsunsuludumia 0ooon & oFFFH fi%esnsihhaugnifuBniouen sost sz
deandrndygm PSEN sen'llfaniouen eviims FETCH fdadhnvhan uddidyga
fitleutin BA i 1 manoaswhTasunsuludaonie 0000H & oFFFH  gmifiuBmelu
8051 fmﬁmu‘luﬁ'nmu'mu'oonwuiﬁm‘fvsﬁuﬁw‘hdnq 910 ROM mslu 8051

XTAL1
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il 19 8931l 2.16 Wiz INIVES Inverting Amplifier (3993vBUULToN
afuntadygna) fAdszneuiuasssesadainned Tughit 222 sefussesnwluvesesa
Faumei NAND Gate vzvh'nﬁ'ﬁlﬂmuwmmmnﬂimﬂwmﬁtuq;m‘fmuqu'lﬁ’ﬁms
sendninane liitududygu PD idernniniin PD ves Register PCON $adeansld
doygnnnnifnn (Clock Signal) inmsusnyiludyguutiAn aruguasiIuYes 8051
Mitleudygnauduniyailustidenisidrsesesadnmnednioluilide Crysal w7
w3 iinTamune Azl 2.22 Capacitor Iaessmasiisnszanm 20 F

L2
TO INTERNAL
TIMING CKTS

........... XT3
QUARTZ CRYSTAL
OR CERAMIC RESONATOR

XTOL2.

UM 2.22 29es00ndammednnly sost

XTAL 2
P P | J < o~ [ P
i 18 veagall 2.16 wililugateniymvesesumsnuundumodyead

A o =) A
vizneuiluavssendamined @uymAen XTAL 1) welddygnunfnfindiannn
moveniiludgonennitnives 8051 ud m'ﬂt'aawu‘faaa'l‘l’uﬁ"aﬁauf‘r’mqmmﬁnmn

maueniduniin XTAL 1 faqaifl 2.23

8051
NC XTAL2
[“ X

EXTERNAL

1 XTAL
OSILLAT: !
SIGNAL Vss

TTL GATE =

HITH PULL-LP

OR CMOS GATE
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711 2.23 8051 b lnndyanaiiinenaoen

MINIUUDY 8051
- Pe . P ] ¢ ¢ & ot '
nouRumsfesnudoneInGonneiauas (Hardware) Usensutiunuitsnd
¥ Y J L 4 ¥ Kovd [-3 [ 3
iAo hildvedesdi TsunsunTemdansasoeiu B hireufiumefvhauawédduly sos1
] -« ‘ J 9 T
wuiu §l¥vedeutiouTlsunnuilununtes Fwoglupveunugw 2 i lumionaw
$M381AN Program Memory HAnv 1w 8051 8191lseneudas 1,2 v3e 3 Tuvl ududdie
. & -~ > - o ¥ A w o
dludrdaliinuesls asufiuaedezinilousuauiisefevihaumudid Wesudduds
) } 4 t 4 [}

fez hiihammdaiuadeduudsfeenduunsudidede bl

wingihil 2.5 sleidudlouidoe WAy 8051 Saifas03 Power on Reset Asegeriinig
Reset Aty n157he1un0Tu 8051 231910uden Program Counter Serila983111 (Counter
Circuit) ¥iianilsdadvimiamizenamsrdmiuTusuasune hmsta (bus) nansiny 1 e
e 16 fhehuuu'thaﬂ'zméﬁezqndﬂﬂ:ﬁﬂ%’ﬁ Program ADDR Register ity
23993 Latch foyndaiiusdumiimizenan szlsngiivusia 16 Sumnuay 2 fufludh
AuUntiaoA WS WMIANAIIN Reset admmismizonausiezdiu 00008 wiaoaamd
dmiuTlsunsuszfeondiutlu Rom molunTemsuen s0s1Tasnrsflounarazasdmdn
T 8051 Wi EA Sedeegfudau Timing snd Control vimibiiiiussesasnsia
(Decoder) udandndggnaninguas Willeudgonanedn o Whliivi B sutums
fenl¥ RoM m16lu 8051 Tasi2493 Timing and Control svardradaygnihls ROM melu
Wrsdoynitiumdsnndumisiigndaemdunnisidarmaiomneny 2 deyanin
ROM sxgnrieas ol oy 3 1ion1 Internal Data Bus udnhhlifuT¥A tnstruction
Register (142995 Latch) tiodade Il 1 Timing and Control 110 1508AT W oA
quaminudautug delundaudiududdaliinmesls lunsdififen RoM niouen
8051 Tnefloudaygnanedn 1 i likivn EA 29192995 Timing and Control dedgygyrat
Samedn 0 unzwedm 2 edasdmmismizsaiinnnimnony 2 sen lUFmizenawi
mouen nimhiszsudeyaititiusidandudumenesn o Wik Internal Data Bus udahl
Ui Instruction Register tiovhaude llmifousuasusmdidann RoM motumsinu
Tusedesiumionienans ldmizeanuiugenmdeynfidudidendud o3
T Instruction Register i78n31u11u%23v84015 FETCH (FETCH CYCLE) $2940 lsuiilusaa
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i

weanmviamideiondt  Execute  Cycle wudufludidalfuandeyalu  Register
Accumulator fu4/B3ASINNUILAININ Data Memory awli RAM  dwnus 23 H 2393
Timing and Control fezdadayane i Instruction Register desdumisniiaoanudl 23H M

A

"8 Internal Data Bus uﬁ'smﬁeut\'lﬂxﬁu‘lﬁ’ﬁ RAM ADDR Register e l§Taumiania
o711 RAM 91011 Timing snd Conrol sl RAM dedeyaiifuaglumiseaami
Atk 23H U1 Internal Data Bus uﬁ"aﬁﬁaun'lﬂlﬁuﬂﬁ TMP1 (3385 Latch) Yaizife)
#2493 Timing and Control flazdudnygnalils Acc TWaadeynunta T™MP 2 (3193 Latch)
293 ALU éﬂmm%’mﬂmwsmnwﬁmwmmﬁnmﬁm’ (120,01,g0,115)  UAZE
AuseReUNKAsdn (AND , OR ,NOT , XOR y szfimTuIn@YeIN TMP1 uns TMP2 1
Zsunndns i 1Az dar 1y Internal Data Bus vy lWifuds ACC PSW (Program Status Word)

; emimihiifuaonnadmivesmaianly ALU uraiminsuaniauu 8 in fes
snldSnwilelu psw g SET diu 1

msﬁumﬁnﬁnuﬁnﬁuez-‘\‘mh"nz’fammmmnﬁa%’nummws Timing and
Control uasﬁmapmﬁﬂ%’1~15uf‘fezé’n§aﬁuﬂmmmmﬁmﬁa‘}’nummws Oscillator MW

b asiua e xﬂu'hlwmﬁﬁuﬁﬁﬂﬁﬂ‘lﬁaammuﬂ a"ﬂunlﬁ 2.24

81 $2 $3 S4 s$ S6 51 s2 83 4 LSS S8 $1
oscC. szmPZP‘PzP1P2P1FZP‘InP1PZ piez Pt P2 1Pt P2 i1 P2 IP1 P2 I1P1 P2
(XTAL2)
! |
weZ\\ 1 [ O S\ DA I I
\
| I
| READ OPCODE. READ NEXT l
1 OPCODE
‘ (DISCARD). l r READ NEXT OPCODE AGAIN.

(A) 1-byte, Y-cycle Instruction, e.9., INC A. ‘
|

! READ OPCODE. l
|

| READ 2ND BYTE| __pgap NEXT OPCODE.

|
f

|

|

|

[7s1lszlsa]sAlss[sL\|_ ----- !
|

|

|

!

|

|

|

| |
rs1lsz[sals‘ss]sgl

Ui 224 Sduramismanhanily MCS-51

C s - P .
M uiAarAdaues 8051 oxldaniinm 1,2 vie 3 lafinueanies (Machine Cycle)
[) 9y
udaudinudidalivionla 1 Yfaveundessridom 12 YeiAnvosdagnauiim Aniu
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Tudnzddeves 8051 ez danhau 12,24 wie 36 ‘lemﬁmmﬁ'q;qnmmﬁm\fum uAnY
‘lmﬁmmm?mwgﬂuﬁmamﬂu 6 State A S1,52,53,54,85 UAY S6 UAAY State seilszneuy
s 2 luRavesdygnauim lulwmfausnedond) o 10D unelwiRad 2 Sonla 2
(P2) luudﬂ:n'lmzﬁnﬁ:«tv{'uamnnwmt?q;apmmﬁmvuﬁwawmwmﬁﬂmmmﬁmﬁ
aﬁﬁn“lﬂﬁ'aﬁxﬁulugﬂﬁ 224 1if8051 ey llsRaveuniesissdiniin Sutel
Phasel (S1P1) ¥8q lafinde 1 Tu 1 "yifnveunse¢399s Timing and Control 9variedgyayas
ALE somin 2 wifnifte Fetch fndudnhl 2 aSuaue Fusnausuuvesdogn ALE A1
’&"«lmzﬁﬁ‘lﬂﬁn?a“l%’nmv‘imu?“a"lmﬁm:ﬂ':mma‘lﬁmnﬁ1s1wﬂf‘nf‘}"e 8051

faderlsziam 1 Tun 1 pfaveunteslfuddid INCA stiinsmddeninmia
aamddmiuTsunsu 2 PE i’inanlszmmwumﬁwmﬁ'q;wm ALE dijefdausngneu
A linafnaweuntuvesdyane ALE isn W3l Instruction Register (e 1o
2393 Timing and Control neasHaANAXANGA3 Exccute vasReiuioziuduns Fetch fda
-?iag"lumhafmu61611umiq€1”ﬂ‘lﬂn’hnmazﬁ1f'§'aﬁ 2 ezqnihwﬁﬁmﬁmwamm'fumm
doyaos ALE fia1i) 2993 Timing and Control Foosasnamdausnisennuiimahaud
fiiftdugassl¥mdatios 1 T é“aﬁ"uﬁﬁqﬁqndmuﬂu‘luﬁ'ﬁ 2 ¢ bigaihuminu

k4 v
Foaenudnnudaiiohl Discard) Alugilii 224a

fdalszion 2 vl negldioa 1 YaifaveunieqgunAida ADD A #data u 1
TRaveundesi selinseumdadin 2 Tl miteususmdalszan 1 i 1 lafaves
des uanarefud i 2 'nzqmimfli’s'muﬁ"w‘hi‘lﬁ'gnﬁa‘lﬂﬁ'«ﬁsﬁu‘lu;ﬂ 13b @8dn
wpsd ADD A#33H seidsuifuamunie’ld 2 hivide 24 33 degsnds Tuviusnfe 24
#1137 Instruction Register U3 Timing and Control szpeasianuiutiugrdannoy flew
dedfayayro 1l Accumulator Tiordeya 130 T™P1 dosdsii 2 qnémvﬁmﬁ; Instruction
Register 183 Timing and Control szdaliortoynlinif 2 deaalalés Intemal Data Bus Nhity
$4 TMP1 312995 ALU ineideyn TP Hag TMP2 3uIniu nadnii IRerdesen
910 ALU 1182 Internal Data Bus udahfiu13A Accumulator

fdalszion 1, 2 uaz 3 i gnaninm 2 Ysfnveunisususiida INC DPTR
sfimsswmddudily 4 ai}'«nﬂq veuv iuuesdeyem ALE il 2 afide 1 luRnveundos
Sudusadasziam 1,2 w38 3 sl 2993 Timing and Control sseda 1,2 w3e 3 Tiusn
winfvu‘lﬂﬁwmﬁuumé’qﬁmﬁaﬁq‘lﬂﬁ’aluplﬁ 224C fda 1 Tusfilsnanheu 2 lyida
veundesiindranudaes iisaudedinds  MOVX Fa1¥lunnsundeiisudeyaiumio

N y & % '
4781 Data Memory Mousn msvimypamidaileziinis Fetoh smdud Wudesdugae
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FohulfadedudonouserBums Reset 14Tan 8051 srganIzYesiyguiiun RST v
 S5P2 ‘lu‘lmﬁmmxﬂ?mqnﬁ'wwhtfu guhulu ssp2 wedlmAnmdowsng lusideersd
anmazasdnivn RST iU 1udi s5P2 vedlwfnindeaqaiio Sanriznedndint RST Hu 0
Az hiiHANTT Reset
Fuiinm ssp2 ileasavaevannzdyguiive RST udamududu 1 sxdessehlen
S S4p2 fiassemudgygn RST HaedSnidlu 1 ouds s4p2 vodluAnmTesdn luezdanad
5 Fetch Ardad ilvhandn 2 firds iledoyaras Reset moluntfoudu 1 fozFums Reset
Tnonsloudieyn 0 & Special Function Register N3 onunesn 0 Smein 3 Stack
" Pointer 110 Register SBUF damsnluglil 221 szm'm‘i’ﬁ’iayﬂu RAM n1elu 8051 vzl
nidsunlasdeynlusninmsfoudoyanslulés SFR sxdints Fetch mdadumined 1
Frdasuniterda s3p1 veslwfind 2 Cludud lwfaveurdesfinsasmunesn 1 1 rsT) f
s anmizaedndivt ALE unz PSEN #egiinanzasin 1 uaveiluesail hleundh
anmvaedndivi RST i 0 nmﬁ’ngaudwuﬁq;wumaa'in 1 #1471 RST fiam S5P2 sudanam
.l ALE unz PSEN f19egi 1 92y 19 leifinues Oscillator iledyaniaidinn RST gailiou
' aduidunedn 0 8051 avsedn 1 fia 2 lmAnveunIesdyaa ALE uag PSEN wSundou
mlnufedunssoums  Ferch  drdashlivhaomdunadidelumiennuiidimiy

Tdsunsudmmiia 00004

yeAiaves 8051 lnadaivl

Fydnualily

Rn Register 11011 RO-R7

direct Register SFR azmiiondmsisyaniolu

@Ri fueamsamisauinely  Sueamsalasdon Tag
#14 Register RO n3e R1

#data Mnsiiving 8 3in (A1970 00-FF)

L 4 -~ J
#datal6 AIAINYUIA 16 VN (R1910 00-FFFF)
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MAmaeaIATAsIuIU 11 Un dMSud1d ACALL use
MAMMUWBAIRTASINIY 16 1N dmTud1de LCALL n3e
1 - My v o &, P 3

f1eeiim (offset) MTBAIBAAIIMNTUIMS (A1910 -17 D1 18
dunvainvsamiaganusinolund e lduuuinnse

HBAIAS TYBINUIBAINTINBUBA NI BNBUIABS lasdanru

Register DPTR

mflszatananndinaions (Arithematic Operations)

ADD ARn

ADD Aj#data8

ADD A,addr8

ADD A@Ri

ADDC A j#data8

ADDC A;Rn

ADDC A,addr8

Wvhmsmndeyanslu Register RO-R7 Audayaniohis
Ioiaed Auns thwaft 18ty i Saaes A
Tihnisuanalieyadamy daas fudeyaniolusiames A
w18 1uifu138438maed A
Ihnsuanadeyniiivegainlumiieaasdumis
addrg fudeyameliitmasy A unsihwadt 18013563
James A

TWhnmsuanmideyafiivegmelumizeaamusn dwmisi
finunvegniolu Register RO 478 R1 dudeyaniohisda
s A nosimadl I8y 136 Famand A
Tivhmsmnarieyndainy das fu YeyamohiSSmaes
A unzdeynmwlunrnona  Tambwadt 18Ty 1366350
o3 A

Wimsuandeyanioluimaes Ro-R7 Audeyanisly’
omed Aunz feynnoluanma Tasiwnit 181w
ge33emaes A

hmsmasdeyn  fiftuegaiohumizsanuddumia
addrs Audeyanisluitames A uazdeyanivluuanna
Tasthno14 T} d3Smaed A



ADDC A,@Ri

SUBB A #data8

SUBB ARn

SUBB A,addr8

SUBB A,@Ri

MUL AB

DIV AB

DA A

INC A
INC Rn
INC  direct

INC @Ri
DEC A
DEC Rn

32
Iimsanadeyafifvegaielumizenamivumis 9
finufuegmoluivmans Ro w3 R1 Audeyameluisa
mef A unsdoyamoludan na  Tasvwait 18 10Au13
#53mans A
Thihmsaurmdeyadaay datas Audeyaneluiiames A
uasdeyanie luwonna  Taovwof 18100 1356550
1wes A
Tihnsaudeyaneluidmass Ro-R7 dudeyanielusa
mef Aunz  doyameluuianma Taoiwadi 18001
§e3mans A
Thhmsaudweyafifivegniolumisaamddums adds
fudeyameluiimaei A uazdeyameluulanna Tasih
wad 18 1A 156 mned A
Thhnsavseyadifivegniolumissnaui Fumiaiid
Aufvegmeluiimasy RO w3e R1 Audeyanuluitmaed
A unzdeyamolumionna  Taoiiwod 18 10Ay 13605 5a
e A
Thinsguadeyameluiimaes A unsisaiaes B Tag
dwadnii el lid i1} §33mans A uor doyn
Tuluvindnge iy Vit Smass B
Thhmsmsadeyameluiiomes A uaz3imaei B Tas
dwadmin Al iindndr Tidudsitmasd A uazdoyn
Tusindngeluifu13755maed B
Thihnslsummmnnddeyanoliiimasy A dhway
uuviiFa saviwad 180 135G smans A
Sumsiuaeyafiogmoliuiimass A
Sumsiinedeyaiiegmaluismnes Ro-R7

Wunsiiuddeyafiegniolumizsanuifeyamolud
UPALATY direct
Suaminmldfuslmizensmsiiduegli Ro wie R1
funsaaddeyaiiegmeliitaaes A

v A L] -
fhunaanfeyaiiegmeluitmass A
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DEC direct

DEC @Ri
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v 8§ =i H ¥ e W :i
lﬂuﬂ’ﬁﬂﬂﬂ']'ﬂﬂgﬂ“ﬂgﬂ'lﬂ‘lu'ﬂu')ﬂﬂ?'lmﬂ'l‘llﬂuﬁfnfﬂu b}
LaAlAI tdirect
ﬂ 1 {'I A 1 ° M t o A d
unsaamuayansgniy HAWNUIUDINUIBANUITNIND

59qmme; ROWTBRI

MFIN1IA350 (Logical Operations)

ANL  Ajdata
ANL  A,direct
ANL ARn
ANL A@Ri
ANL  direct, A
ANL  directj#data
ORL Ajidata
ORL  A.direct

I¥ins AND udariindoyavesidmass A fAuudazin
o A o * o '
mulu ey data  Mildwviasaiu  uazifiusvewa
dnt B qass A
Thims AND udaziindeya vesiimasi A fundazin
moludeyafiegluueaasa direct Midwmisasanu  uag
Hufwenaans de 33ames A
Tins AND udnsiindoynvesidaines A fundavin
Ao J &d o L] o -] v o o
moluStawmes RO-R7NNAMNUIATINY - LUAZINUANAONT
Bidsames  IhhmsanDudazindeyavesiiaaes
A
19715 AND uﬁazﬁ‘nmaim’fagmaﬁ%ﬂmas’ A AuuA
aziinmoluvesdoya woeamsaniauiu3nelusva
1997 RO 1158 R M@ umisasedu uazifuswenaans 13
o Aa o
f59a1m935 A
Ty AND usasiindeyavesmizeniudweaasd
direct ﬁ'uudazﬁ'ﬂnm"lm’fagameq‘s’ﬁﬂma{ A AldwvUe
ATIAU UAIAUAIYBINAANT 120N 28R 21381 direct
Tihns  AND  udasiindeyaveamizsnimiuennsd
. o ¥ -~ & da . ] (Y
direct flunAazinmoludaay data NUAWNUIATIAU UDY
d o @ 1 ° .
fusuonadns 13oaniasnus direct
T OR udnziinfeyavediimaes A fuudazinme
[ Ad . [ - -3 [ o o A
Tuduav data RlAUMIAIIAY uaziiuswenadns 13593
Smimed A
v - o o ] Y
Tvin1s OR uAnziinvesdeynuesiimaei A fuudaziin
a v . 14 o ] o
moludeyafegluneansa direct NilAUMIAIINY unz

Husmadns 13895 3maes A



ORL

ORL

ORL

ORL

XRL

XRL

CLR

ARn

A,@Ri

direct, A

direct,#data

Afidata

ARn

A@Ri

direct,A

direct #data
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T¥ims OR udaziindeynvesitmaei A fuudasinae
Tu3Saned RO-R7 filldmmisasediu uazifuswadni1iss
FRanei A

1¥ihms OR uAnzdndeyavesiiaimes A fuudasinaiy
ludeyavomsamsadfinuiyinwhiEtmaes Ro vie RI
il umisnsaiu uozifurwenadnd 135:33mans A
Tvitns OR udasimdoyaveamizoauswealAsa direct
fuudazinmeludeynveditmaed A dAflduwmisasadu
uaziflumvenadns Bdamiaena s direct

Thims OR udaziindeynveniiaganusweaTd direct
funsarinmoludainy data Adwmisasedu uazifud
yowndng 13demizona s direct

I¥in1s XOR udazindeyavesidmaes A Huudazin
moludainy data fiildwmisassiu uozifusmyvesradng
Viisames A hims XorR udaziindeynvesiimans
A fuudecdnmoludeyn fegluueamsa direct Al
Fuisasaty tasiduswesnadns WS tames A
T XOR udariinvedidmass A fundazinmelys
Somed RO-R7 fildumisasadu azdusmwewadni 138
FimanT A

Tiims XoRr udnzindeyavedtamef A fuudnzin
moludeyaveweamsa  AlauiuB¥maluidames Ro
wie R1 Alidumimsfu nazfusmvewaing 353t
o3 A

Wi XOR usaziinfeyaveamizsainuiueaasa
direct fundpzimmoludeyavesismaes A Afidmmisase
funazifudwewadns 13daniaeaaus direct

Thims XOR udaziinfeynveamizsaidmeninsa
direct funAaziinmoludauny data fAiidumisasaiu uaz
fuswesnndnd 13dimiaona1d direct

Wi muaweudazinmeluismasy Aflu o
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CPL A
RL A
RR A
RLC A
RRC A
SWAP A
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Tnlasuswewdazinmeluismass A Wudasaiudy

@ 01ilu 1 vfe nin1duo)
Thhmsdeudindeyanoluisames A Tumegmdhonite
dumisTas  dmisddygeqa d@n 7) Widewvufius
dwmiatin 0

Tihmsdeuiindeyaneli3tamed A Tmedvamils
dgumisTas  Dwisddydga d@n 0) Wdeunuiuss
dumiaiin 7

Whimsideuiindeyanmoluiimany A himedudhonits
dumie Tas  fimiodhdggega d@n 7) Widuauivs
dumiswearanvauaz lumtaomaduldidowdr iy
dafin 0 -
Thimsideuiindeyanisluisomes A Tmedmuamils
dumisTas  dmisidiga @ o) Wdeusufivgs
dumisveuntannanazeluitannady ltidewd iy
gaiin 7

hmsadumdndeyamoluismaes A Tavthedwmia
foyn 4 fimunt indedumis 4 Tman uazbhodeyniiianeg

Tudwmia 4 inarallegludumia 4 finuu

mdundoutiadeyn (Data Tranfer)

MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV

A,Rn

A direct
A,data
Rnd#data
Rn,direct

Ru #data
direct,#data
A,@Rn

1
1
1
1
1

e

hdieyne1nTdmass RO R7 wufuSdeTSaant A
o ¥ ' s 9 -3 e 1.4
rinamizsanusisyamsiu wunu3nimmes A

e e

v Y deya
ihiideyadaauindyl3niSmaes A

e =X

hdeynnniiamed A wunu'l3eGiames Ra
henmizeaswdeyaneslu  wuiulinsamed

? e

' Y At
WhhdeyadaununifuB3niiaaes Ra
Thhadeyadunuuuiu 1 lumizenamdeyanisly

’ '3 ﬂ; 1 \ -~
Thihdeya sinmizsnswérmiinuiuegnoliuitames Ro

uuin'l} §59mans A
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MOV @RnA  hhiveyaninidmaes A wufu'3ss mizomwdr e
ihueg moli3imaesRa

MOV  Cbit Thideyauvudasinmizenauswiy Biwrdome (3
Saumei C)

MOV  bitC Thiveyannuione  sufiuBiamiseraswsnad
hudeyanuyiia'ld

MOVX A@Rn  Whieyavinmizennwsmiouen ffiduiuegniohiisa
wed R wuiyMsTtmned A

MOVX ADPTR  Thideynnnmizerawsimeven fifisufuegniolu 394
o3 DPTR wuiu138:35mans A

MOVX @RnA  WhireyanniSmasy A wufiuBdmiasausimouend
fisuAy egmelu3cmes Ra

MOVX DPTRA  Whieynninivmasy A wufiu3muiasaimsimouenty
fifufiy egawluismass DPTR

MOVC A,@A+DPTR Thideyaninmisoasuillsunsy  Tasfisisan
AuMINMIInA3tmasy A furwesidmees DPTR

MOVC A@A+PC Thideyaninmizonaws lsunsn  Taofintsendunie
VINTINATIIANIADT A fU1vesITaiRes

XCH ARn Winan/doudeyamohidsmaes Ro-R7 MFSmass A

XCH Adirect  Mnnaffsudeyamolumizomamsiumis direct fu 3
fomes A

XCH ARn Wuannlaou deyamolumizsrawirdumisiitiauinly
moluiSaaes RO u3e R1 Mi3Smaes A

XCHD Adirect  unnildoudeyammz 4 Sadn  szwdrwmiiasaans
dumisiifisneuianes RouTe R1 M3Smaes A

PUSH direct Thimsummoluismaed sp mmfulmauﬁwﬂaga
1AMEAIM 91 uBAIATY direct TitAuFimizonnudfe
yamoluiidumisduiiua Bhi3mnes sp

POP direct ThihmsTeudedeyasinmiconamseyanolu i

- v & v - o [ .
dumissuium 1 uitmnes  spllFomizsnamseyn
a0 ' f ’
molundumis direct UazA

moludwma direct tazaammoluismaed sp
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A1ia9an1598YauuvDn (Boolean Variable Manipulation )

CPL C
CPL bit
CLR C
CLR bit
SETB C
SETB bit
-ANL C,bit
ANL C,/bit
ORL C,bit
ORL C,/bit
MOV C,bit
MOV bit,C
JC rel
IJNC rel
JB bit,rel
JNB bit,rel
JBC bit,rel

Mndusrinvsumanmaiiudiaseiudu
Tndudriinvesfoyaludmmisimusamsa vie Wudass
il

Thmsadofmnelumammaliifium o
Tihmsiedesminvesdeyaludumisinuesasa bit 19
dluso

Thimsiwarmnehumannaliidu 1
Whnswadilinvesfeyaludumisinueamsa viciu 1
Tiins AND deyavesurannaduiinueaiasa bit uazity
Amvesnains Bourianma

Thims AND feyaveamannafumassduvesinusan
39 bit unzifiusvesraims Hiumanma

Tivims or deyavesuslannanuiinieamsa bit uaztiy
AMBINAANT Péwranma i
Thinns or deyaveuntaamadumassdwvesinuean
300 bit unzhuABIHaANS Piwranna
Tileufhediadoynnindmmisianoaase bir wufivlis
nvlinma

Wleubedadoyamnuntiona wuduMddumisdauen
1ATN bit

nszTan Srumdn camy iy 1

nszTan A uman carry ity o

nseTaa dA1bitiiu

nszTan de1bitihu o

nszTan S bicsshi 1 uoznfdewd bitdy o

A1 IAIUANNTIININTYSUNTN (Program and Machine Control )

CLR C

Wnihmsimdssame lundanna hhtherh o



ACALL addril
LCALL addri6
RET

RETI

AIMP  addrll
LIMP  addrll
SIMP  rel

JMP  @A+DPTR

JZ rel

INZ rel

CINE A,data,rel

CINE Rnfdata,rel

38

i lilsunsugesninusmasa 11 da

‘Wi Tdsunsudesninusainsa 16 Ha
ﬁ1§~1§uqamsvhnu'iﬂmn:miau
fdadugammhenTsuasudesdumessli
TnazTanludedumia addr 11 Tagldwesdaunuduugel
ifivs 11 Hauar bidideu Tunzniz Ian
MWnszTanludsdumis addr 16 Taol¥rvesdaunvduugel
o4 16 1in uaz bifideulumsnizIan
MnreTaa ldsdumiadiniug rel Taohififeu'ly
WnszTaaldamideanudililsunsn Tasfintsandwmia
TINNMIINATIVNADS A AW Smany

TinszTaa Wdambeanus lsunsudumiisduiug  rel
e esidaaes A dhi o

WinszTanldamidoanmdr lsunsudumiaduwug  rel
e vesidmass A hirhi 0

WhihmsnlSoufion S3masd A dusmes Aaavdata 1ifed)
mhiviiu  SenseTanludemizonnudi Tsunsudmms
118 = 2 . 2 | v
AUWUT rel nTBUMIRNTRIAWEIRIDYNINEIRIDT Hen
T5imaes Atleondy  MdunvYes data A1 MUARIVEY
uitapmaiiiu 1 winnsdlasedhn Wamuaswewilanma
o

WhnsnSowdiou S3maes Ro-R7 Audweny data iifell
i iy SenszTanlFoming
anui Tsunsusumidniug el nioavinsuinves
Funwanesdaoi Swluiemaes Ro-R7 Yesnd1 i
@uYee data filddmuarweuannaihy 1 wnnsdiage
fw  Winvusswewfanmaiiv o

CINE @Ri#datarel WhiminiTousioumveaisnamér  fusdwesdauny

data ey 113 Scnmes RO 198 R1 Ausweuny data iifedl
A hinhnudanszTan Wdvnmionams Tlsunsudmmia
dunu rel nouiinsensweiany
Tamewdaoh S liTsmass Ro-R7 eondy iamaves



DINZ Rngrel

DINZ directrel

NOP
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data i Amruadwewilan Pu 1 minnsdasedunld
fmuan1 vewftan nadu o

anfily R unznssTanTéedumisfiduing fuaumsis
flogiu dethidhuo

oamlumitenIme direct  uovnszlanlUSeduonis #
dudinitudwmiaitegtu e lidh o
hifimmiendag iy
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; FILENAME  teststep.ASM

; DESCRIPTION stepping motor
;controller ‘

; HARDWARE  chanop step

; ASSEMBLER  SXAS51

; START-DATE  12/2/42

; SOFTWARE ENG. CHANOP S.

; COMPANY Kmit'l

;** set constant for my project
ubeep equ 00a5h

step1 equ 00000010b
step2 equ 00001010b
step3 equ 00001000b
stepd equ 00001011b
step5 equ 00000011b
step6 equ 00001111b
step?7 equ 00001100b
step8 equ 00001110b
drivebuff  equ 18h

m equ 1ah ; acceration in hex
n equ 19h ; speed in hex
direction  equ3th ;
halfsteph  equ 1bh

halfstepl  equ 1ch

decrement  equ 1dh

fixsteph equ teh

fixstepl equ 1fh

summary equ 20h ; total in speed
vmax equ 21h ; maximum speed
sum_acc equ 22h ; sum in velocity
ansl equ 23h

ansh equ 24h

fiath equ 25h

fiati equ 26h

steph equ 27h
stepl equ 28h
wait_time  equ 2%h
out_value equ 2ah
first_locate equ 2bh
iden_nip equ 2ch
jremrm ey et value at boot
U
org 0000h
jmp 0040h
org 000bh ;timer 0
jmp int_timer0
org 0040h ;
initial: mov scon,#50h
mov tmod,#21h
mov th1 #0fdh
setb tr1
mov th0 #0feh
mov ti0,#00h
setb ea
setb et
mov r0,#80h
mov first_locate #80h
mov out_value #00h

:nnntmtm*m end of setup

; main menu

mov ¢,p0.3

jc not_remote

jmp remote_mode
not_remote: movc,p0.2

ic start_recv



jmp single_mode
;*** Big procedure *** to recieve from
;RS-232 t(; run mode*
start_recv: mov ri #7th
mov r0,#80h
mov a,#00h

clearoldvalue: mov @r0,a
inc r0
djnz r1,clearoldvalue
mov 0, #80h
mov first_locate #80h
not_65d: call m_reciv

cjne a,#65d,not_65d
new: call m_reciv ; decode call
zero2nine

mov ri,b

cjne r1,#00h,not_number

movr2a

mov a,@0

orl a,r2

mov@r0,a

imp new
not_number: cjne a,#83d,not_step
:Check Character 'S'

jmp cache_step

notstep:  cjne a#38d,not_and_oper
; Check &
mov r0,first_locate

imp new

not_and_oper: cjne

a,#42d,not_or_oper ; Check*

not_or_oper:

i check i

check |&

mov r,first_locate
inc r0

imp new

call m_reciv

Cjne a,#38d,not_andi_oper ;

mov r0,first_locate
inc r0
inc r0

imp new

not_andl_oper: cjne

a#42d.cache_step ;checkI*

mov 10, first_locate
inc ro
inc r0
inc r0

jmp new

cache_step:

call m_reciv
mov r5,a
call m_reciv
movr4,a
call m_reciv
movr3,a
call m_reciv
mov 12,8
call m_reciv

Cjne a,#73d,cache_step



cache_V:

cache_A:

movria

call dec2hex
’mov 10.first_locate
inc r0

inc r0

inc r0

inc r0

mov a,r7
mov @r0,a
mov a,r6

inc r0

mov @r0,a

call m_reciv
call m_reciv
movr3,a
call m_reciv
movr2.a
call m_reciv
movri,a
call dec2hex8
incr0

mov @r0,a

call m_reciv
call m_reciv
movr3,a
call m_reciv
movr2,a
call m_reciv
movria
call dec2hex8
incr0
mov @0,a

cache_direction:call m_reciv

call m_reciv

Cjne a,#30h,cache_delay

mov a,@0
setb acc.7

mov @r0,a

cache_delay: call m_reciv

cache_out:

not_full:

call m_reciv
mov r3,a

call m_reciv
mov r2,a

call m_reciv
movri,a

call decZhex8
inc r0

mov @r0,a
call m_reciv
call m_reciv
movr3,a

call m_reciv
mov2,a

call m_reciv
movri,a

call dec2hexs
inc r0

mov @r0,a

incr0
mov first_locate,r0
cjne r0,#0f8h,not_full
simp §

imp not_65d
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single_mode:

mov r0,first_locate
mov a,@r0

cjne a,#00h,have_algo

cpla
orlab
anla,n

movri,a

jmp next_loop cjne a,#0ffh,or_not
have_algo: cpla starter: jmp prepare_drive
mov b,a or_not: inc r0
;:mov dptr,#0b000h mov a,@m0
movx a,@dptr ; such as p2 movb,a
mov a,p2 ;mov dptr #0b000h
orab ;movx a,@dptr
movb,a mov a,p2
movria cpla
anla,b
inc rQ . cjne a,#00h,starter
mov a,@r0 jmp next_loop
movb,a
, mov dptr,#0b000h prepare_drive:
; Movx a,@dptr mov rQ,first_locate
mov a,p2 inc rQ
anlab inc r0
jnz starter inc r0
incr0 ; point steph
X mov a,r1 mov a.@0
; cjne a,#0ffh fail_run mov steph,a
; jimp and_not deca
and_not: mov fixsteph,a
inc r0 incr) ; point stepl
mov a,@r0 mov a,@r0
cpla mov stepl,a
movb,a deca
;mov dptr #0b000h mov fixstepl,a
;movx a,@dptr inc r0 ; point velocity
mov a,p2 mov.a,@0



neo_direct:

preat_a:

mov vmax,a

inc r0

ﬁov a,@r0

mov c¢,acc.7

jnc neo_direct
mov direction #00h
jmp preat_A

clracc.7
mov m,a
incr
mov a,@r0
mov wait_time,a
inc r0
mov a,@r0
anl 8,#00001111b
swap a
mov out_value,a

call drive_system

wait_for_drv: movri,b

next_loop:
cjne r0,#0f8h,repeat_again
mov first_Jocate #80h

cjne r1,#00h,wait_for_drv

jmp single_mode

repeat_again: inc 0

inc 10
inc 10
inc r0
inc r0
inc r0

inc r0

mov direction,#30h

mov 10,first_locate

inc r0
incr0
inc r0
mov first_locate,r0

jmp single_mode

remote_mode:

initial_rem:;

mov a,#00h

ani a,#11110000b
swap a

add a #65d

mov iden_nip,a

begin_wait:  call m_reciv

cjne a,iden_nip,begin_wait

call m_reciv

cjne a,#83d,begin_wait

call m_reciv
movr5,a

call m_reciv
movr4,a

call m_reciv
movr3,a

call m_reciv
movr2,a

call m_reciv
movri,a

call deczhex
mov steph,r7
mov a,r7
deca

mov fixsteph,a
mov stepl,r6

moy a,r6
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invertum:

tumonly:

dec a

mov fixstepl,a

éall m_reciv ;Velocity
call m_reciv

mov r3,a

call m_reciv
movr2,a

call m_reciv
movril,a

call dec2hex8

mov Vmax,a

call m_reciv

call m_reciv
movr3,a

call m_reciv
movr2,a

call m_reciv
movri,a

call dec2hex8
movm,a

call m_reciv

call m_reciv

cjne a #30h,invertumn
mov direction,#30h
jmp tumonly

mov direction,#00h

call m_reciv
call m_reciv
movr3,a
call m_reciv
movr2a

call m_reciv

check Z:

movri,a

call dec2hex8
mov wait_time,a
call m_reciv
call m_reciv
movr3,a

call m_reciv
movr2,a

call m_reciv
movri,a

call dec2hex8

anl a,#00001111b
swap a
mov out_value,a

call m_reciv
cjne a,#90d,check_Z
call drive_System

jmp remote_mode

drive_system: mov r0,wait_time

waittime:

zerowait:

inc 10
mov b,#0fth
cjne r0,#01h,waittime
jmp zerowait

call delay_01
djnz r0,waittime

mov decrement,#00h
mov sum_acc,#00h
mov n,#01h
mov dptr.#0000h
crc
mov a,steph
deca
mca.



inca

mov halfsteph,a
rﬁov a,step!
deca

mca

inca

mov halfstepl,a
setb tr0

ret

int_timer0:  cirtr0

mov a,b

cine a #0ffh,not_Ostep
mov a,steph

cjne a,#01,not_Ostep
mov a,stepl

cjne a,#00h,not_Ostep

mov a,out_value
orl a,p2

mov p2,a

call delay_01
mov b,#0h

reti

not Ostep:  mov b, #0fh

circ

mov a,summary
add a,n

mov summary,a
inc no_cany
call drive_action
inc dptr

call count_down

cali chk_acc

mov r6,steph

mov r7,stepl

mov a,16

cine a,halfsteph,fail_check
mov a,i7

cjne a,halfstepl,fail_check
mov a,decrement

cjne a,#00h,fail_check
mov decrement #0fth  ;

begin decrement Velocity

fail_check:

fail_check2: djnz r7 notyet
djnz r6,notyst
mov b,#0h

reti

notyet: mov steph,ré
mov stepl,i7
no_carry:  mov th0,#(0feh)
mov t10,#(00h)
call chk_acc
setb tr0

reti

count_down:
mov r3,ansl
mov r2,ansh
mov a,r3
or a2
jz not_oper

djnz r3,not_overflow



dinz r2,not_overfiow
mov decrement,#0ffh
not_overﬂéw: mov ansl,r3
mov ansh,r2
not_oper:  ret
chk_acc:

movam ;When

acceleration is 0 Drive will max speed

mov ansl,a
mov a.fixsteph
subb a,flath
inc a

mov ansh,a

not_save: ret

jnz cont1 cont: circ

mov n,vmax MoV a,Sum_acc
addam

conti: mov a,vmax mov sum_acc,a

cjne a,n,cont jcinc_veacc

mov a,decrement ret

inc a inc_veacc:  mov a,decrement

jz cont cjne a #0ft,inc_v
mov a,n

mov a,decrement deca

cjne a,#00h,not_save mov n,a

mov a,#0th ret

mov decrement,a inc_v: mov a,n

mov r5,dph ; Store value that inca

finish Vmax movn,a

mov r4,dpl ret

mov a,rd4

circ Xxl equ ro

fca »xh equri

mov flatl,a x3 equr2

mov a,rb wl equ r3

rica ;ansl equrg

mov flath,a ;ansh equrs

mov a,fixstepl ;ans3 equ b

crc div24: mov r7 #8h

subb a,flatl mov a,r2

inca mov b,r3



di_loop1:

notinc:

div_ok:

di_loop2:

divab

mov 6,a

. mov a,ri

mov c,acc.7

ra

movri,a

mov a,b

fca

mov b,r3

divab

jz notinc

mov a,r5

setb acc.0

na

mov r5,a

jmp div_ok
mov a,r§

clracc.0

ra

mov r5,a
dinz r7 di_loop1

ra

movrd,a

mov 7 #8h

mov a,r0

mov ¢,acc.7

na

movr0,a

mov a,b

fca

mov b,r3

divab

jz notinc2

mov a,r4

notinc2:

div_ok2:

dec2hex:

condec:

next_r4:

setb acc.0
da
movr4,a
jmp div_ok2

mov a,r4
ciracc.0
fa
mov r4,a

djnz r7,di_loop2
ma
mov r4,a
ret

mov dptr,#0000h
mov r0,#01h
mov b,#07h
mov a,@r0

call conasci
mov @r0,a
inc r0
djnz b,condec
mov a,r2
mov b,#10d
mul ab
add a,r
mov dpl,a
mov a,r3
mov b,#100d

mul ab

cre

add a,dp!
mov dpl,a
jincnext_rd
incb

mov dph,b



conasci:

mov a,r4
mov b,#0e8h
}nul ab

crre

add a,dp!
mov dpl,a
mov a,b
addc a,dph
mov dph,a
mov a,r4
mov b,#03h
mul ab

add a,dph
mov dph,a
mov a,r5
mov b,#10h
mul ab

circ

add a,dpl
mov dpl,a
mova,b
addc a,dph
mov dph,a
mov a,r5
mov b,#27h
mul ab

add a,dph
mov dph,a
inc dph
mov r6,dpl
mov r7,dph

ret

circ

subb a,#30h
ret
r1.r2,r3 is ascii code 0-255
;out putis A
deczhex8: mova,3
crc
subb a,#30h
mov r3,a
mov a,r2
circ
subb a,#30h
movr2,a
mov a,r1
circ
subb a,#30h
movri,a
mov a,r3
mov b,#100d
mul ab
movr3,a
mov a,r2
mov b,#10d
mul ab
add a,r3
add a,n
ret
drive_action: mov a,direction
cjne a,#30h,drv_cw M1}
ASCHI
call drive_ccw
jmp success
drv_cw: call drive_cw
success:  ret
drive_cw:  mov a,drivebuff



nostep1:

cine a#step1,nostep1
mov drivebuff #step?
rﬁov a#step2
or a,out_value
mov p1,a
ret
cine a,#step2,nostep2
mov drivebuff,#step3
mov a,#step3
ort a,out_value

mov p1,a

" ret

nostep2:

nostep3:

nostep4:

nostep5:

cjne a,#step3,nostep3
mov drivebuff,#step4
mov a #step4
orl a,out_value
mov pt,a

ret

cjne a,#step4,nosteps
mov drivebuff #step5
mov a,#step5
orl a,out_value
mov p1l,a
ret
cine a,#step5,nosteps
mov drivebuff #stepb
mov a,#step6
orl a,out_value
movp1l,a
ret
cjne a,#step6,nostepb
mov drivebuff #step7
mov a,#step7

nostepb:

nostep7:

nostep8:

drive_ccw:

notstep1:

notstep2:

orl a,out_value
mov p1l,a
ret

cjne a,#step7 ,nostep?
mov drivebuff #step8
mov a #step8
orl a,out_value
movpil,a
ret

cjne a,#step8,nosteps
mov drivebuff #step1
mov a,#step1
orl a,out_value
mov pi.a
ret

mov drivebuff #step1
mov a #step1
orl a,out_value
mov p1t,a
ret
mov a,drivebuff
cjne a,#step1,notstep1
mov drivebuff #step8
mov a #step8
orl a,out_value
movp1,a
ret

cjne a #step2,notstep?2
mov drivebuff #step1
mov a,#step1
or a,out_value
mov pl.a
ret

cjne a,#step3,notstep3



-

notstep3:

notstep4:

notstep5:

notstep6:

notstep7:

mov drivebuff #step2
mov a,#step2
6r| a,out_value
movpl,a
ret
cjne a,#step4,notstepd
mov drivebuff,#step3
mov astep3
orl a,out_value
mov p1i,a
ret
cjne a,#step5,notsteps
mov drivebuff,#stepd
mov a,#step4
orl a,out_value
mov pl,a
ret
cjne a,#stepb,notstepb
mov drivebuff #step5
mov a,#steps
orl a,out_value
mov pl,a
ret
cjne a#step7.notstep?
mov drivebuff#step6
mov a #stepb
or a,out_value
mov p1i,a
ret
cjne a,#step8,notstep8
mov drivebuff #step7
mov a#step7
ort a,out_value

movptl.a

ret
notstep8s: mov drivebuff #step8
mov a,#step8
orl a,out_value
mov p1l,a
ret
T e Mini reciv

m_reciv: jbc ri,m_can_reciv
sjmp m_reciv
m_can_reciv: mov a,sbuf
ret

mov sbuf,a

jnb ti,$

transmit:

cirti
ret
delay: mov r6,#10h

mov 15 #00h
del1: djnz r5,dell
dinz r6,del
ret
delay_01: mov 5 #01h
mov r6,#0bSh

delay_01_01: djnz r5,delay_01_01
djnz r6,delay_01_01
ret
zeroZnine:  mov b,#00h
cjne a,#48d,zeronotzero
mov a #00d
ret
zeronotzero: cjne a,#49d,zeronotone
mov a#01h
ret

zeronotone:  cjne a,#50d,zeronottwo



=

mov a,#02h
ret
zeronottwo:  cjne a,#51d,zeronotthree
mov a,#04h
ret
zeronotthree: cjne a,#52d,zeronotfour
mov a,#08h
ret
zeronotfour:  cjne a,#53d,zeronotfive
mov a,#10h
ret
zeronotfive:  c¢jne a,#54d,zeronotsix
mov a,#20h
ret
zeronotsix:  cjne a,#55d,zeronotseven
mov a,#40h
ret
zeronotseven: cjne
a,#56d,zeronoteight
mov a,#80h
ret
zeronoteight: cjne a,#57d,zeronotnine
mov a,#00d
ret
zeronotnine:  mov b, #0fth

ret

end



LMD18201 3A, 55V H-Bridge
General Description

The LMD18201 Is a 3A H-Bridge designed for motion control
applications. The device le buikt using a multitechnology pro-
cess which combines bipolar and CMOS control circuitry
with DMOS power devices on the samse monolithic structure.
The H-Bridge configuration is ideal for driving DC and step-
per motors. The LMD18201 accommodates paak output cur-
rents up to 6A. Cumrent sensing ¢an be achieved via a small
gense resistor connected in series with the power ground
lead. For cument sensing without disturbing the path of cur-
rent to the load, the LMD18200 is recommendad.

Features

® Dellvers up 10 3A continuous oulput

8 Operates at supply voltages up to 55V
® Low Rpgeon typically 0.330 per switch

&Nation'al Semiconductor

April 1998

2 TTL and CMOS compatible inputs

& No “shoot-through” current

®m Thermal waming flag oulpwt at 145°C

u Thermal shutdown (outpits off) at 170°C

® Intemal clamp diodes

8 Shorted load protection

B intemal charge pump with external bootsirap capabiity

Applications

a8 DC and stepper motor drives

® Position and velocity servomechanisms
a Factory automation robots

u Numerically controlied machinery

u Computer printers and plotters

Functional Diagram
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FIGURE 1. Functionsl Biock Diagram of LMD18201
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Connection Diagram and Ordering Information
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Absolute Maximum Ratings ot 1)

Power Dissipation (T, = 25°C, Free Air) 3w

It Military/Aerospace specitied devices are requirad, Junction Temperature, T ymax 150°C
please contact the National Semiconductor Sales Office/ ESD Susceptibifity (Note 4) 1500V
Distributors for availability and specifications. Storage Temperature, Tsrg —40°C 10 +150°C
Total Supply Vokage (Vs, Pin 6) 60V Lead Temperature (Soldering, 10 sec.) 300°C
Vokage at Pins 3,4, 5and 9 12v . "

VoRage at Bootstrap Pins (Pins 1 and 11)  Vour + 16V Operating Ratingsnote 1)

Peak Qutput Current (200 ms) 6A Junction Temperature, T, -40°C 1o +125°C
Continuous Output Current (Note 2) 3A Vs Supply Voltage +12V to +55V
Power Dissipation (Note 3) 25W

Sense Voitage (Pin 7 to Pin 8) +0.5V to -1.0V

Electrical Characteristicsioe 5

The following specifications apply for Vg = 42V, unless otherwise specified. Boldiace limits apply over the entire operating
temperature range, —40°C <7, < +125 C all other kmRts are for Ta=T,=25C

Symbol Parameter Conditions Typ Limit Units
Rbson) Switch ON Resistance Qutput Curvert = 3A (Note 6) 0.33 0.4/0.6 Q (max)
Rosony Switch ON Resistance Qutput Current = 6A (Note 6) 0.33 0.4/0.6 Q (max)
Vewame Clamp Diode Forward Drop Clamp Current = 3A (Note 6) 12 15 V (max)
Vi Logic Low Input Voltage Pins 3,4,5 -0.1 vV (min)

. 0.8 V {max)
b Logic Low {nput Current Vin=-0.1V,Pins = 3,4, 5 -10 pA (max)
Vi Logic High Input Voltage Pins 3,4, 5 2 V (min)
12 V (max)
In Logic High Input Current Vin =12V, Pins =3,4,5 10 pA (max)
Undervoltage Lockout Outputs Tum OFF 9 V (min)
11 V (max)
Tow Waming Flag Temperature Pin9<08V, I =2mA 145 C
VF(GJ) Flag Oulput Saturation VOMQO TJ = TJw, ll. =2 mA 0.15 v
leoer) Flag Output Leakage Vg =12V 0.2 10 pPA (max)
Tiso Shutdown Temperature Outputs Tum OFF 170 ‘C
Ig Quiescent Supply Cument All Logic Inputs Low 13 25 mA (max)
toron Output Tum-On Delay Time Sourcing Outputs, loyr = 3A 300 ns
Sinking Outputs, loyr = SA 300 ns
ton Output Tum-On Switching Time Bootstrap Capacitor = 10 nF
Sourcing Outputs, loyr = 3A 100 ns
Sinking Outputs, loyr = 3A 80 ns
bR Output Tum-Off Delay Times Sourcing Outputs, loyr = 3A 200 ns
Sinking Outputs, loyr = 3A 200 ns
torr Qutput Tum-Off Switching Times Bootstrap Capacitor = 10 nF
Sourcing Outputs, loyr = 3A 75 ns
Sinking Outputs, loyr = 3A 70 ns
tow Minimum input Pulse Width Pins 3,4and 5 1 ps
tern Charge Pump Rise Time No Bootstrap Capacitor 20 ps

Note 1: Absoluto M Rotings Indiceta Himits beyond which o 10 the device may occur. DC and AC elsctrical spacifications do not epply when operating

the device beyond bs rated operating conditions.

Note 2: Sea Appikcation Information for detalis regerding curment fimiting.

Nots 3: The maximum power dissipation must be derated at slevated and is a function of T, 6, and Ta. The maximun sliowsble powsr diesi-

pation et any temperture is 2 ™ (T3ymax)— TAYB.a, O the nummber givan I the Absolute Ratings, whichaver is lowsr. The typical themal reelstance from junction

to case (9yc) I8 1.0°C/W and from 1o ambient (03) is 30°C/W. For guarantesd operation Tynay) = 125°C.

Note 4: Human-body model, 100 pF diecharged through a 1.5 kQ resistor. Except Bootstrap pins {pins 1 and 11) which are protected 1 1000V of ESD.

Note 5: AR imits are 100% production tesied at 25°C. Temp limits are g d via correlation using acceptad SQC (Statistical QuaRty Contro)
methods. All limits are used 1o cakculsie AOQL., (Average Outgoing Quallty Level).

Nole 8: Outpit currents ere puleed (h < 2 ms, Duty Cycle < 5%).
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Typical Performance Characteristics
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* +5V-Powered, Multichannel RS-232

General Description

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

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

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multi-Drop RS-232 Networks

MAXIMN

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

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

4 Meet All EIA/TIA-232E and V.28 Specifications
¢ Multiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information
PART TEMP. RANGE  PIN-PACKAGE

MAX220CPE 0°Cto +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C 10 +70°C 16 Wide SO
MAX220C/D 0°Cto +70°C Dice*
MAX220EPE -40°C 10 +85°C 16 Plastic DIP
MAX220ESE -40°C t0 +85°C 16 Narrow SO
MAX220EWE -40°C 10 +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN  Rx
Part Supply RS-232 No. ot Cap. Value & Three- Activein DataRate
Number V) Drivers/Bx Ext. Caps (pF) State SHDN __ (kbps) Features
MAX220 +5 22 4 4.7/10 No — 120 Uttra-low-power, industry-standard pinout
MAX222 +5 2P 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0 (0.1) Yes v 120 MAX2417 and recelvers active in shutdown
MAX225 +5 515 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(©0.1) Yes - 120 5 drivers with shutdown
MAX231 (MAX201) +5and 2/2 2 1.0(0.) No — 120 Standard +5/+12V or battery supplies;
+7.51t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 212 4 0.1 No - 200 Higher slew rate, small caps
MAX233 (MAX203) +5 272 0 — No — 120 No external caps
MAX233A +5 202 Q — No — 200 No extemal caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.7) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 44 4 1.0 (0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0+13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 10 Yes — 120 DiP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0 (0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 212 4 0.1 Yes v 200 Separate shutdown and enable
MAX243 +5 212 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8110 0 - Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8110 0 - Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 819 0 - Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Avallable in quad flatpack package
MAXIN Maxim Integrated Products 1

For free samples & the latest literature: htip//www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

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

SUPPLY VORGE (VCC) «.-vevrreerernrireste st sssssenns -0.3Vio +6V
Input Voltages

TIN -0.3Vto (Vcc - 0.3V)

Rin tereeieeeieneeerbeeeteeente e baeeare e rne e +*30V

TOUT (INOIE 1) et eereee e s s eaesaens +15V
Output Voltages

OUT ettt et s e sae s aeesaessaeb s sesse s e srnsene st e st s smnennns +15V

ROUT ettt tseser e sseeseee s sonnenen -0.3Vto (Vce + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ....440mW

16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW

16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW

18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW

20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW

20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mW

16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW

18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges

MAX2_ _AC_ L MAX2_ _C_ .ol

MAX2_ _AE_ _ . MAX2_ _E_ _ .

MAX2_ _AM_ _, MAX2_ _M_
Storage Temperature Range .......c....coccevvvennn
Lead Temperature (soldering, 10sec)

Note 1: Input voltage measured with Toyr in high-impedance state, SHDN or Vcg = OV.

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 at these or any other conditions beyond those indicated in the operational sections of the specifications s not implied. Exposure to
absohite maximum rating conditions for extended periods may affect device rellabllity.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Vee = +5V £10%, C1-C4 = 0.1pF, Ta = TMin to Tmax, unless otherwise noted.)

PARAMETER [ CONDITIONS | MIN  TYP  MAX [UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 v
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshold High 2 1.4 \
Normal operation 5 40
i -Up/input o
Logic Pull-Up/input Current SHDN = OV, MAX2221242, shutdown 001 =1 ] W
Vce = 5.5V, SHDN = QV, Vour = +15V, MAX222/242 +0.01 +10
Output Leakage Current e
Hiput Leakage Vcc = SHDN = OV, Vour = 215V 2001 w0 W
All except MAX220, normal operation 200 116 | kbits/
Data Rate MAX220 22 20 sec
Transmitter Output Resistance Vee = V+ = V- = 0V, Vout = +2V 300 10M Q
Output Short-Circuit Current Vour =0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
All except MAX243 R2|y 0.8 1.3
RS-232 Input Threshold L Vce = 5V
232 Input Threshold Low ce=? MAX243 Rz (Note 2) 3
. All except MAX243 R2in 1.8 24
RS-2321 Threshold High Vee = 5V \
232 Input Thre 9 ce MAX243 Rz (Note 2) 05 01
. All except MAX243, V¢ = 5V, no hysteresis in shdn. 0.2 0.5 1
RS-232 Input Hysteresi v
>232 Input Hysteresis MAX243 ]
RS-232 input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 v
TTL/CMOS Qutput Voltage High lout = -1.0mA 3.5 Vce-02 \'
_— Sourcing Vourt = GND -2 -10
L/ICMO! - t Current mA
TTL/CMOS Output Short-Circuit Currel Shrinking Vour = Voo 0 30
i SHDN = Ve or EN-= Ve (SHDN = 0V for MAX222),
TTL/CMOS Qutput Leakage Current OV < Vour £ Veo +0.05 10 HA
2 MAXIM




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

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

(Vec,= +5V £10%, C1-C4 = 0.1pF, Ta = Tmin to Tsmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN Input Threshold Low MAX242 1.4 0.8 Y
" EN Input Threshold High MAX242 20 1.4 Vv
Operating Supply Voltage 4.5 55 \)
No load MAX220 0.5 2
Vcé Supply Current @b—ﬁ = VCC):' MAX222/232A/233A/242/243 4 10 mA
Figures 5,6, 11,19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 01 10
Ta =0°Cto +70°C 2 50
Shutdown Supply Current MAX222/242 TS TA0°C 1o s85°C 3 %5 LA
) Ta =-55°Cto +125°C 35 100
"SHDN Input Leakage Current MAX222/242 +1 A
"SFDN Threshold Low MAX222/242 1.4 0.8 v
| SHDN Threshold High MAX222/242 20 14 v
" CL = 50pF to 2500pF,
RL = 3kQlo 7k, | MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vce =5V.Ta = +25°C, Vips
measured from +3V | MAX220 15 3 30
to -3V or -3V1io +3V
Transmitter Propagation Delay tPHLT mx§§§/232N233A/242/243 L f ios
Ig&;‘; 5-252 {normal opeig g, o~ MAX222/232AI233A1242/243 15 35 | °
MAX220 5 10
Rsceiver Propagation Delay gy x::.:gngSZNZSSA/ZQIMB gg ;
i MAX222/232A/233A /2427243 o6 1 | *°
PLHR
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10
RS-232t0 TLL (shutdown), Figure 2 [tp s MAX242 25 0] ¥
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242. 0.1yF caps 250
(SHDN goes high), Figure 4 ET (includes charge-pump start-up) Hs
%%‘gggi‘ggﬁﬂ?g‘;a:lf Time tor MAX222/242, 0.14F caps 600 ns
Transmitter + to - Propagation . PHLT - tPLT MAX222/232A/233A/242/243 300 ns
Deiay Difference (normal operation) MAX220 2000
Receivef‘ + 10 - Propagation {PHLR - tPLHR MAX222/232A/233A/242/243 100 ns
Delay Difference (normal operation) MAX220 225
Note 2: MAX243 R20yT is guaranteed to be low when R2N is 2 0V or is floating.
MAXIM 8
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

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

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTACE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
P10 e s n T E— a +10V - "
8 g ~ OUTPUT LOAD CURRENT § L 1uF CAPS hd 5
EITHER V+ OR V- LOADED 10 FLOWS FROM V+ TOV- 1 w1 1
6 | ) Rt f\ 0.1,F CAPS
s 4 | Vecessv o oz g | AL I ool !
‘ NOLOAD ON E 1 p——] 2 SHON
g = 4
2, 2 | TRANSMITTEROUTPUTS 3 __lveg=e528v g ov
B, o | (EXCEPTMAX220, MAX233A) 2 Rt a
V- LOADED, NO LOAD ONV. = : "
2 V- \ 4+ 0. T >
EI 2 - g %‘"F PRI N | W O .
L= I C.1pF uF — 3 6 o 1 | ol R
.8 (l,/-—- 5 P " A 0.11F CAPS
o = Vs LOADED, NO LOAD ON V- 3 O | s = " A
! "o s w0 15 20 2 0 10 22 30 40 S0 60 S00us/div
LOAD CURRENT (mA) DATA RATE (kbit/se)
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‘ +5V-Powered, Multichannel RS-232
Drivers/Receivers

+5V’|M"UT c3
TOP VIEW )
, - T |
o] ° 16] Vec Yen Voo vl 2 ov
c1_F3 +5VT0+10V T
v 2] 15] GNO “T2CI- VOLTAGE DOUBLER

4
2 6 -10V
t C1-|3 14 Tour 2 I +10VT0 -1V V-
] aaxim | C2 = 5lco- vOLTAGE INVERTER | =
o [a] mazzw |3 Rw T

MAX232 w
2 [5] maxziz [z wow 400
v-[5] 1] T w114 Ty T f14,
+5V
T2our [7] [10] T2 TIL/CMOS
INPUTS 400k
R2iy E E R2gur wt0] T2 Toour |7
DIP/SO
/S - 2| Rlgyr Rliy 13
CAPACITANCE (1) TTL/CMOS 5K RS-232
DEVICE _ Ci_C2 €3 C4_Gs Ny = g |
MAC220 47 47 10 1047 -3 L9
MAX232__ 10 10 10 10 10 5
MAX232A 0.1 0401 01 0d

RS-232
OUTPUTS

G =
115
Figlire 5. MAX220/MAX232/MAX232A Pin Configuration and Fypical Operating Circuit
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v 5] el o (4] aaam [i7] tor o
[ maxim sl nonr  nfs] Mz ne. 12| Ty Tiour 15,
cx[5] Mz ri c2- [ 15] Ry +5V
MAX242 TIL/CMOS RS-232
c2- [ 13] Riour v-[7] 4] Rlor~ INPUTS m400k -
11] Tan Ut
v-[7] 2]Tn T2our 5] 13] nc. ~—
Toour [ g] [11] T2n raw 4] 2] Tiw 13| Riour R |14
Rew g [10] reour  Raour [1o) 1] ! =
N
ot " Tusemos ésk RS-232
, OUTPUTS < INPUTS
' DIP/SO SSOP <18 R2our o Rml9
_ 1lncyi 5K
( ) ARE FORMAX222 ONLY. . > < St
PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY. G_NB_ =
i —16

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