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ABSTRACT

This report presents the development of Man - Machine Interface ( MMI ) .
System using communication standard such as ISA , PCI, VME , STD bus ETC.
MMI system obtains G-Code according to ISO standard for converting it to action
commands then , the system sends them to LM628 card in order to generate

trajectory signal for multi - axis motion control
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Proprietary and Open - architecture controller hardware compare

Proprietary network TCP/IP Ethernet
Custom wiring to motor DeviceNet-compliant

amplifiers , encoder wiring to /O network
—

Custom wiring

to tsensor . , Sercos-compliant wiring
getuator to motor network
Vendor - vendor bridge
—— 1
o o o = 2 B o
Q =9 [ [} Q 3 o =
2 ] H 3 3 2 bl a 8 g °
a o o o] Il a o E P ki ©
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Proprietary CNC bus Proprietary PLC bus Industry standard bus

(ISA, PCI, VME, STD, other)
CNC = computer numerical control
PLC = programmable logic control
Sercos = serial real-time comunication system
TCP/IP = transmission control protocolfinternet protocol

Open architecture
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2.1 NC Code

ansuzlAsIgs19199 NC Code
- N . . e A e e T
NC code hamtsenaudiousingnies LasAFaIRANNMRIAS N1 Tas

Wianunmunauidn Tnawieanithe 7 ngu el

1. Block Number
Block Number tudauisngaglwiauniteusiazufion neBeaasums Block

Number —azlwwsiodnes N udemnsassiaeeauudnuondegludes 1

2,147,483,648 ( 32 bit integer )

2. Preparatory Functions
. ! dﬁl 3 5 v v o
Preparatory Functions aziflugqunnwuimiuluy NCcode meliusudaudnes G
uazpmsneiardauEN TelnslnfazGendy Gcode  uifludauimundnus g
WUU UAY state N1INNUTEN 1ATENANT ( Machine ) 3Wd G-code Aty modal As
wiazlifinasld G-code 8n Tuusminsield usifasfiedn G-code fananq famanTsvinau
8t uanaNAzANAUREU G-code Faulun dau G-code 8ntlszinv An Nonmodal Az
it G-code azfimainmsemzluussinfiil G-code fanaatlsingegvindy uazmn

sustellil WumiseuasenisvinaussgUuuy 189 G-code

G-code ANWOUT LAY AMNUNIETDY G-code 2‘1JLL'1J'1J
G0Oo Positioning In Rapid Modal
GO1 Linear Interpolation Modal
G02 Circular Interpolation (CW) Modal
G03 Circular Interpolation (CCW) Modal
Go4 Dwell Nonmodal
G17 XY Plane Modal
G18 XZ Plane Modal
G19 YZ plane Modal
G20/G70 Inch Units Modal
G21/G71 Metric Units Modal
G28 Automatic return to reference point Nonmodal
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G29 Automatic return from reference point Nonmodal
G40 Cutter Compensation Cancel Modal
G41 Cutter Compensation Left Modal
G42 Cutter Compensation Right Modal
G43 Tool Length Compensation (Plus) Modal
G44 Tool Length Compensation (Minus) Modal
G49 . Tool Length Compensation Cancel Modal
G8o Cancel Canned Cycles Modal
G81 Drilling Cycle Modal
G82 Counter Boring Cycle Modal
G83 Deep Hole Drilling Cycle Modal
G90 Absolute Positioning Modal
G91 Incremental Positioning Modal
G92 Reposition Origin Point Nonmodal
G98 Set Initial Plane default Nonmodal
G99 Return to Retract (Rapid) Plane Nonmodal

3.Coordinate values

Coordinate values %38 Axes values lUANSTALENIKATRINNINILINR=Feq
A al o o , . VY o o o
\waeun Tool Tsumisle  Coordinate values azlugudoasnsnusiunuAILmmne
vesusiazUNY Sutizneuon X, Y, Z,1,J, K udmadhesioey  Saidednqndugaues
A A
N9AABUNA
FAON®T X, Y,Z Unu ending point IULLNL 3 D5

aeNs 1, J, K unu center point 10l vde 2anau

4.Feed Rate
Feed Rate A dmslumaidouiues Tool TwazTududausnus F udamudas

AU Feed Rate azsipsfiAmnningud uasfiviisendl IPM (inches per minute )

178 MMPM ( millimeter per minute )

5.Spindle Speed
Spindle Speed A fmsuFalunismguans Tool WAasiudnesnues S udamnw

Fedmauinun wasimdaly RPM ( Revolution per minute )



— .y WA o— i re—————
A Aerermerener
N Y —tr— "

W Y T it B e ———y 7

6.Tool Number
Tool Number A=UVUAIESNMs T UAIAINAIESITUILIAN TIUNIBDN e fued

A o o ] L4 + o
Tool Mdesnindenld A wiLdeysues Tool usazived argnifulumicaaindngou

4 o g v G add v e 2 [
Luﬂuﬂ’]?Lﬂﬂﬂu Tool NAZFBNLTRA Parameter NNEUaNU Tool LUBTUW 1mLLﬂ

Py
Ui
ALEUETAWINATY , TAAINEN9T8 Tool i 1T

7 .Miscellaneous Function

173
Miscellaneous Function Va8 (€N97 M-code R=TUMUAIEIANWT M UKW

Fned Ul U M-code AflwdihnaaiunisAcuANULY on/off azgnaslyl PLC i

AAYANII
M code FANBIUY LAY ANUNIEYRY M code
MO0 Program Stop
MO1 Optional Program Stop
MO02 Program End
MO03 Spindle On CW
Mo4 Spindle ON CCW
MO05 Spindle Stop
MO06 Tool change
M08 Coolant On
M09 Coolant Off-=
M10 Clamps On
M11 Clamps Off
M30 Program End, Reset to Start
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2.2 MQHﬁ%NﬂﬁﬂﬁMﬂ%ﬁﬁﬁ%’u CNC ( Mathematic theory for CNC )

VO NNIAHIArN NN RAREUN ( Feed Rate Speed )fimanistleunduiues
AR GO1, GO2 , GO3 AzgNNMUATRLFAIAINAIAIEN F__UAZRZAIAANAREAIIAIRY

ndnaziinisldsuuaeanlud ArdnennstlautiiFandn Tangential Speed constant

1. Linear Interpolation

diadl Straight cut linear interpolation ( GO1 ) IUAMLIANAZAILANLNLUBLATES
4ng 2 unu vFaNNNI RN aN 7 M 'luzdfmmiﬁmL"ﬁmumumuﬂm:'lﬁmgﬂmnmuﬁ
TruaanTsunsudhundiuives o ssdwifemnuduueinisfindudiuteaduns

d‘ d‘ Aal 1% =2 L% & © |
ANeaRau s nqaBusuauivgageviiassitusinome  nsuiuduuazani
o \ A4 o < P v e a A o P -
Hausazung INENINIALUANNISIARELTITEY Cutter TilaRaUARHaWTL NsARauR
Tfrmnaies Wlasanuiinun i Linear Interpolation waawi lussuuinaawintiu

nslEauesina8uns Linear Interpolation Aalfluniruszunndidulss Wsaqanas

( Circular Interpolation ) Tqaznanaudaesaly

nagAUanilu Linear Interpolation

i
4

End point [x,y)

=5

Start poiat [x_.¥}

717 2 N3ARAUALLL Linear Interpolation

F - dmstleuluuuanisiafe i
F, - emarflauTunuauny X

F,- smgtlanluuuaunu Y
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2. Circular Interpolation

Circular Interpolation uAMNAIN20IUNNIFIREIUIAILENAN  T9RUIUAGFR
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1
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ABNALIEIEILIAN aTnuA lsR NN TEANAN LM as wYiLlUR Az

2.9
3. anRugaungaulé IfanaAgldtawdaun

o =i

4. FaflanulAa ( radius ) WanaAnglitiawdinu

UARIRINANTILAFN] udrashunmuiulneedaudnnisues Contour

Appoximation Using Line Segment Aatd
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UANN13299 Contour Approximation Using Line Segment @1A8UANN1UEINT
Usznnngniladanduns laafiiumeudal

1 WANENTddLIAaTA (r0)

2 MuuaANazdualunisuLiaganlsAa (n)
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Twsiasditinssuaunisasuauuuy PID Whifer) Wi saignldilencurailunig

[l
© o =

gransz saeuniRutiugedidnamianuduiraiunslfifRnisueaiu

nsrusuMsAILANARals

U a o [l ] < e; o aor 0 0 d' 4‘

thavefuneiuetde fine nangUnsndBunm lFFuAInAuilsuasneneunas

1 :’/ i.ld‘ 1 d=ll ¥ o ar 1 o J 1t :’a
AsNtLlARANLIFaINIsae N wiya nentsUiuAgUnInsne  inerruANAITL
Y N I o o e .
1% nsmaupn  egniiihimidniuiudindssarfuseusiae wseslfuaniAuszguneal
o i L . . 4 o

AIANNITTULARBUIRITNEST (automotive cruise control) LRaugninLazALIANAZgN
Fndn fulanszuaunis (process variable , PV)  @ufuAsaullsnssuaunisieanied
Ufuenniene gruupiluestinu dauanaginsairmununisfuinfausessnaws AoAuis
YRITOLIUGT

FeFaants s ud snezuaunsas il Bundn dutlwung (setpoint , SP) 191

UFusituunsaes wIadlfuem ﬂﬁﬁmmm 3 TnetTanmninssiaenisuasiivug

q U

i < l=l| ¥ Y o o« o lﬂ‘ a
AANIFANILEseInis WiiugUnsninaununisiuiefeneasnewst .
FhmuANarlFuLRewALLsnszuansTaannUiy ArauRuE s (control

output, CO) Taeedaalfuanniaasdil¥ranwsaimaiMinumauganiauiieniunn

- . o . S '
gouvnil dauguinsniaupunisiirfeusnesiasiaunFaivtAuLs (throttle) \naALIAN

< - b % L 1 as ar -ﬂl
Aise Tnednfudanssuaunisaruaungaaunssy azldrdawlsmauaullduiraen
MAPLAN  INaAILANAALLINszUuN saeinaidl seidn e dnsnasTusnases
s Anus vidagnuuni IR dhgAntihunneissiesnis

nrsuaunsaauandaulun  lliinnmsauanlnemsanAdaudsnssuaunisie

[l
o e

ANy WnAF &ty ANNRanwans (error signal, e) NFTUATLAITIAANNT AN
AIRANATIRAzuanA R uLsacURuATiss iU nAi e TeAuasldnuaunig
e=PV -SP
e e= dyntunNRIaNans
PV = sudsnszuaunis

SP = aAfhuung
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1 nszuaunisatuAiuutleunsdulneeAurdtytyuauianann  (error feedback
controller) fapaLANAL A NRANAIANYsEIiuA s I sAYLIAN Fednulumsazas

AsulsnszuaumsiinAniimng gluuuresihaugulaeivlisunsogléiaingi 4

Process

i Err ontrol

Controller

s 4 pluuulasea¥senssuaunisacuny

mimuqml,uuﬁ.lﬂ/?.lﬂ( ON/OFF controllers)
nisasuanuLLTs/Datadiusiatuanetvieigalissandesiantsagy
reiv L d' o < -y éf o ] a dl o
gUnsnnFmIewnm Twstavte Jatuiuddyruanuilanain wseasliueinia
prhudouvotidusonuanuuuilsAdlafe rsuwsameiazinenu (Ta) Wadipa
Roawamuay  (gruugiguiull)  wazazugminam@ayieauiianaisithiuan
(gragilmuiuly) ineudnidensiatnstwmniiaesionuan fauauuuuiindls
ddlugAall  deadband  TedneswmuesALANarAliNanusTIaqI iauNE9Rn
- 1 s t 1 ‘J o’
ANNRANAIAVAABENATINT  deadband  shethaidulunsdisecsdesiuanieil
(4 T o y ¢ O [~ ‘J 1 o
deadband 1Tt 4 s wisulas samuauazdsframsatef ineuiseiisAiAuis
v 2 - o v oY o G A a
WAEMREUALTN 2 aveulast uazsianruanazdsiveavinawisialeAmauiin
v 2 < v P Py <
waemsuuaniia 2 asenwsulest saawmsiifowlsnszusunisignasuanlnefaaay
AnuLLDaAlnRaRsuulasituasegsauAntwnng dsuandlTlupln 5 smouny
wudlaAlailinazgnFandt  fruANULL  “bang-bang”  IzAELLsALANTNAY

Wasulunssudnesi 2 AR uaneEnaiu
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77 5 mamsusussrasiIAUANLLL Tailn

vl .

MSAILANILLLIARLUAY (Continuous controllers)

nazuuMIINgRa NI unlinsAauuuLLsieiieg AFIULTATLANAS
[ o ar ' ¢ o < G ¥ alal | e al ° o
Chuuewnaen  Jeargnuliuatinasedion neutaansiuinnawisoridntioyuinig
watuwlastuassesdsaulsnouny atefifa i hmsuamuu dnAlnlE samauay

oA o & & . . -
uuusieliesilflugnaunssundutiashuuuy  proportional WLy integral  VFBULL
v L4

derivative futiReiimsBunsanoumanlszimiliniiy fasuguuuy PID (proportional

integral derivative) nauevsAAN TWISIAZLILLRzUSTeNeasinasasia T ]
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Pt P Y @ o a. : Ld -
nsAauANlszmviliddentandeiiasaanidn nsaquauAesyaludngaulne

AITLAIRTY Y IUANIANAINAIFTY Y IUAMNRANAIAR TWIUNINRTATIAIAILAN
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wwenan  lunamaiudhuandyoynanianaantdes sz liAAwaNisiyen
b3
et

v ) - & o o o oo X . .

thandtynynnuannianaatiuLanin iFIALANOTWAIRNTL  FaAuANGD
Z < ' L] ar v ° . . o or v
Watadnilusnournuuuuvnansziams (direct acting) Tunnduiy drA&tyoyin

o < o I - o o o <l o
AuRanaaiiuuania liAAuANiaswmRanasianuANiaiuR LI uuLLN I
NITVHNEU (reverse acting)

HanIEV 1a9saAcuANasiduLLLATIa LLLNNEWTILe Y TUaIAUsTnauvag
nrsuauns edratulunstinsmauAnssAlreseuuadluty  nasnszvinasiuetiu
FuMTeIfAILAN  thadaaruauag luAwmknvinnisauaugnsnisinatessas

o ¥ - Ll v v = d‘ G| o
WMAIEONAINGN ANFEINIIUEUTINAD  FaINTIAIANRANAAAITINLAN  (s2ibaeg
apawaguinll) LhinAsouwlsauan ARanadiandaussfaasmasluasanannda
o X 2 o ¥ oo 0y oy Y o Ly o o o v
Wrtwhaey  Andusnacuuildassieslisaaunuuuniuansinn s lunenduiudg
adavinisauANdnsnIsnadimesuuanmazidenldiasuAuuULR INaN s21in
Nl sz Winansmevauasiassiusesuamaguiuil TaanistlnndaiesnBuno
se9p99maiaz uadindaiue

AeaviaRaziuiiuuadAdaulsauanaituyinlys  Artpanulananaidiv
Autl InennAudoazsiadn 137 50 wlefidusl duAeginsadriuAuailln 50 wefifus Wi
AruEanaaiugud  dauAndnsnisuenasziiuiioua iunainislfiReesnisaay

 da X . - ain 3 o -
AN (control action) MiaTUINAGTYUITUANRANA AN ITBNNT AANdTTyItMANNER
wananiAsuulasludamils ddmsnisenaliAniesssindifulsaquauiReumlaall
HetndIienan1sueHAININT

dryvidessiusenisnauauuuuiiae  Adygiuanuianaini bifugudEedn
Thastesdl ineairssiautlsnaunud i nssusunnsfiasidudi iy faduedsld
aunInALANNITLIUNT IFatiamiennn Ansaulspaununazin Al mszuaung
dhdandiunngldazseaviniuaesnian (50 wefidus fadhetednadiy) delildung
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41 mmamwmmﬁﬂmq:mﬁq (steady-state error)

N19AILANLLLIL Proportional-integral (P! controllers)

TuifiasunsUfiRuuy integral asgnifsifusiaAauANULL proportional tivaur

o i o = 1 L v ' o ¥
ﬂrymmmNmwmmwmmq:mmww?ﬂm:m@mmmmmm?mﬂawL=nm LLﬂZ?_IQLLﬂ‘le_)M’]

ANsEAnAIATIaNIzAYagae  fasdaaAAuRanaaRiNsTuTuAIgnaTanetinasie

A ° L R as d‘d o e . -4
dawmaaaaat MlddsulsAuaswesianIuANiinsURTIRWIY integral Waeuulas

atiasiaiiles mauWinfrnANRanandldidugue uazazugailleinanlananaiy

Aud Hnszuaumsignacuauiiauaiiss nssuANuuLissudsziulidAnAaie

waneian1zAsinaznaeiugusl sauasslugn 7
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917 7 N19MBLIAUSITBINTIATLANULIL proportional-integral

NN9AILANLLIL Proportional-integral-derivative (PID controllers)
msUfiiFuuy PID azinusiaAuAnwLL Proportional waurtfyminszuau
J t ] Y L o ] +
nnsidat (sluggish process) BENATUNITLAUNNIASANSALANTTNUMANT Tasfaagnise

- . a ) -~ Y < y o« o o o Y
e anANL IiuANFauvse Ry sihalluun i lunasldsiamuRuuuL PID Yia

A1

De

msmauANasiinaiusnnsi Reulasssripnufionaeiiaiu - eeziing

[l v

' (P p o v a 'y o o < v & <R
nasvusiansanAsiauLlsaquRuiveyinliiinlaefgn (overshoot) Miatings WUNUNIENI
. v 4 Y e ;oA o o oo
41 nezuaunasddestihvinglaulidy faathady WeaatuangnmnRluiiiaue
gl nasinAdivnngenaassiaanisAtsaulspauAnte 100 wedidud
P A' v Y ar  ar + < t ] & <l P v dl L7 o =
sraizanu ieinANeu L edwmade usiethalsiadennuieunil Guilta
\ - o Go & oS _w v ' G 4 e A o o a
segnaugiuesds  nfsfiuiarfesananfouetnmniuduiuievdniaanisiale

wefgresgrugil MalfRuu PID asnlfinismauaunszuaunislssiniithilledng
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msusunsaluAu (Controller Tuning)
- Ve P s p . o
NITLAUNITIMNNRBNAERIINNTVEBIWBNTIAILANVANGR (FENdn nsFunag
1 ar ‘ﬂl = 14 L TR} ar [ kY a
ALIAN mammmﬁjmﬂwqqmuiﬂqzm‘lvimmLLﬂ'z‘muQuunwLﬂmqu WATWEANIIN
| e ¢ ol o o a0 a °c QY i o p
sasrsutlsaauauldialios ‘lumm:wmﬂm?ﬁma‘ﬂmﬂwmmu‘lﬂ@:m'lummLLLl?mmuu
o 173 Aﬂl 1= ] d' 2 1 as Var o '
nmsmauauastLaznsrauaNas e Liawinhaes  fandnsnisenalfFunisdfuusta
e v v X ) ' ~ « -
atinALae  nIzuauNIINt INIIALANEA THNAREUAUANAL NI LFTHLLAZIAIT LN
AJ ‘c o ar i
wasuulagludasdntimsnauwazininszuaunianduganiasisiaanis
atialafAuualfuaaenislasuul aerndnsnnissene g Feadle iy \ufiamng
< ar <% v <l d‘ o .
e AP NN AR MINANNAUNIMINZANTBINTUNURWLL proportional WUL Pl uas
< ° Ay 4 o & lo o P
Wy PID Rewsilignismaunuinals TNAANTUDYTLAN U IRINIZLIUNNTNRZALAN
Fatl N URULIL proportional AiANgaT] AzmENTUNIIAILIANNIZLANNAS A 19181150
o o '\ e v 0 o prp
AR INIRLULadHasaNABausPauaNls A miunszuounisildoyoynsy
. ar ' o 2 1 ar vl
9w (noise) WUTIMAFILLIINGZLAUNNT NMIAILANAIEANEATINITENEAREIEG") 16
dl ar <y ar d‘ [ % -3 =
uznITAUANSR TN IUauTan 1 TALANANNAIUTN ITHARBUAUBI AT IuAZH
foynyusunauluaAdudsnszuaunisuan . azfesinnisraupulagldrdnsnisuenads
dausin Aeazlviuad
-] o o o = | s | a d’ <y o Y o a o
awiunsUfiRuuy Pl nﬂ‘lmqummmwmam:mmnuﬂmnumﬂjgumu:uu
. d} @ gy = o = o A:l'ol
proportional s nMURURULLY Pl HaneutBitlumidlausionsesdtyoynanuisn
- ] Y P vl | e
THANIN zasTiudtynusunoude lifinanssnusasaulsnsruaunig (ftyynodsunau
L Rk %4 4; = ar ) a = nAA ¢=: v [~ P '
NAaeiameLiuAAMNNANAIAazAN) najTRRRNN N AMIIETNdY nsRauAu
arliifanadsundusiensfeundadlunszuaunts  wiastuwuuresuresly Agw
a o, de o ay = o = o )
s HRwn dunaasiensruaunMinisneusuaismisy (fastresponding ) 814
nma‘lﬁdﬁLfluni:mumimmzﬁuﬁryrmmmmu 2ENNUGY  NNTATLANANNAUUAZARII
d e . - Vo e
sl %ﬂumimuau ANDRNIINTFULNE P ﬂQﬁ"QZfIﬂ’W]ﬂﬂ‘wﬁ"NQ\‘lﬂ'ﬂﬂﬁﬂ[”]ﬁ‘ﬁﬂ’lﬁ“ﬂﬁl’m
proportional
Tumsaauaugnumniluazszivzesvediunaludy wanscnusesiutlsnauauntelu
d 2 oase ' .
NIZLAUMNT  NIRTNAZANAREALAT ANTaungnANIiiunszuIunIg ﬁfmﬁ@mﬁazm
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Wonmglantu  soznressfiiudn il s eigafiaziinssdusases luaudumu
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dnitmemyanmy nazIEMNtIMIANTER 7

TunsrauaulpenisldmsUfiFiuwy PID Suiussiasldanussinssintnege
Fuusndnsniseny PID ArsazgniFuatiwezdnsede feunasadsudnideenislilu
nazuMsAdtynyesunauuAdaulnszuaunig - Aryryinssunauluansiaudsnszuau
nssiniRaA dynuARanaaiRatu-aetinagune Wuns iAnnud

d' 1'; 1 3 a“ A:l’ a e
whsuulsimsuanuasneaustinganii nMsulfeuudasiiidunsunainnisUfisuuy
d‘ o ] =i s = 45 1 e o 1',
PID Tmsmauansinaslisfendieldnynnmusunaunatuluddulsnssuounis daiu
Lo ] 4 a e hef
Tunadenlfpanihullatinsoumoy  nazuaunisfgmen s fiiRuuuiildfead

=

nsvLauntinisdaidetie uas lifidtyruntusunau (dependable and noise-free) T4

L4
< & -

ﬂi‘t‘l.l‘]'l«lﬂ"l’:‘ﬁ wumutiaanisaAL ANGIUNN

o~ O - a:.
sailunsignazldnszusunmsmaunuuunlug. Guusnanisiesiianuiianienig

|

TuFavasinaaunlfuasnszuaunimisnglinisaugniune Anaza1NNIneIAY

¥ o o s

o o o v . o va \ Yo o
fnsnispenavessanuaui A dunime lalatiUnd wiufiduansonaunuusiassin
o d‘ Yo o ] o o t ' e =2 (K3 <5 ¥ = <
fmuagun s iusamauauuensieiull daldnmnisuensdeliduiusodings
nesumileussatiatianely famuaNuiesa 19snlfunisdfjiFuuy propotional Tne
nstiundefidusiuatuuudadou uaznisuifves P inennsdiuAmdiadnuauaiase
a4 a o 1’, . . d’ L4 17
UMUIBUMRAAIUIUAN (repeats per minute or minutes per repeat) eaz Iinamn et
i iialfnAuduauEsaulUgn neUfjuFuuy proportional Wuu PI wazwUL PID naz
gniundfudAdnaNsueneAEn (reset) uazAEmIN (rate) Twmid@suuvinn Aadu

WanNisensie AvsteteyaanguanfionmuAnnAR
I ing_The PID roller

1N transfer function 189 PID Controller

M(s) 1
G(s)=——==K,(1+—+1Tys 1
(s) E(s) ef Ts as) O
LL}@ Kc = controller gain
Ti = integral action time

Td = derivative action time

229QR£RY9
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uaziflansyany ugll time - domain azl&

m(t)= KT, de{gtt)+Kce(t)+§c—je(t)dt_ )

i

BIANNNIOUNY BYRUE  Uay Bufiinem @nel first order finite differences

Grasia 11l

a  _ Ji—Jea _ v
dtlk— Y ,Je(t)dt kgoek.At

Fafusanmndauasnimi(e) Wadlugl Discrete form giRail

(en 1)
m,=K.\T €n- +e,+— de. At
n c[d A7 T;kZOk

el Kp = K,
K; =K *T /Tl
Kd - Kc *Td /Ts
Sp="S,-11¢€,
T, = At = sampling time
s, =sum of the error
M

m,=K,*e, +K;*s,+ Ki(e,—e,_1)

Faflu fane3u e PID Controller M lU@anlsunsnAaununIIuyLLed

vo J s
motor I FAIUMINANNNLIIARINIT
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2.4 N19UTENNUATNITI LA S b UTEUL

Tunnsmauauszuusing ) snunassiemnunuasBuaneaiussLURIazin
nsAUANTesNIsazasnuuLsanuANsiall uezlunsmauAuMMILIsINa e s
9 o P | e P v ° v v
s aenisfaAauANANzantuiuluntsrsuane I scuvieuldmusasnislu
- 4 . P b4 o & @ o
nngunIss s feAuaNimEnzaNtiignsvin ilasnafenuasaasdianauny
fiussuuaiudavinIsliuAmnmdves ( Parameter ) 1esALANAUNdNALFHaRAL
d' 17 [l <« o o Y a ' .3 1
auenteszuudiesnts  wilunediuFensiniifnacu@emnsunszunadslugaenig
U180 iNeammmdensanane aaldainnssnaes ( Simulation ) S2ULNIMNNIUET Fae

ar 1 as

AUNINNALAANART ( Mathematical Mode! ) WNUSTLLLINNBASLAIMINITUTUANGT
v Py y 2 o Py o a & aady
ALANTSNAROLALONTONTTLLARADINTT  udiAninan inageuiussuuaie  F9aiseg
NIMLUUR AN WARAAISATANANANYATUITULATNaUAI AN sanLLLA e e Tl
N19ALIAN
mMamuuuaaasrasnamaditunislszannlee dlaidunnaeles  ( Transfer
Function ) Teefinewmeflithmemesnszuanse nasdssunnuAnliflunislszunoun

v o ! o o o & ) Yo
ﬂQﬂW\?ndﬁuanﬂqﬂTE]U?ﬂumumq TWNEFBNITRDNLLIL ﬂquTﬂLLﬂm\?‘lmmﬁgﬂ

INPUT OUTPUT
DRIVER DC MOTOR >

¥

v

PLANT

9171 8 uARINNIZULATLAN

NN UAATNFaTN T T et uR T unn sae Tew sl

o) _ «

Ns)  sfs+p)
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Tnmswdnaas o uas B awnsovinldlaanistlouussdiuuuudu ( Step Input )
TneldAnlugaeneen1svinenu ( Operating Range ) T8N3SULAN UASHARALAUBIFABIIAN

(Time Response ) 283A030 8N () afunsmudavionismidn B anaunas

~1n(1-k)

B T,

et T, Aoanarudadawilanty k whaesrnuifadaguiianiazasia

( Steady State )

g o

A9UA1 O ATV IFaINA NN LS sl

e @, Huwanudadapmaniozasia uas v, WuaAusutaes ( Amplitude )

UL NAULLLTY T U99a sty
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2.5 nislsunsiwinaaeldsunsunisn C

adounsilndientn ¢ wuszualfid pos  WuFesiigenauaziiuieau
P~ 9/ . 1] [ a va da A
programmer nateaunil 1ilduu Windows umu uadsednslsuuszuulfiians pos Add
9 . 9 o L4 P 1 a wa .
Po@1un13 interface PC 1NfUgUnsaimeusnFaienszuuliian1suu Windows 110
1. feunslenni1WinAeesinn1s Initial Graphic feu w3z Taslndnmsyiaiuves
1 4 v
TilsunsuezegluIvuadasnys ( text mode ) Astiumnisidesmisoz I Tdsunsulaou
TihauluTnvanm ssdesldilandudmivnlfouTvualfuneglulnuanm uazile
{ s 1 o o o o 1
dosmsnfasuTnuandulg Tnuadidnys exdesldilesfudlalnuanm Heddunldiu
a Ao a4
msidgunualiagil
void far initgraph(int far *graphdriver,int far *graphmode,char far *pathtodriver);
void far closegraph(void);
2 &’ o o Y . 5% .. [ Jdao o o 4
¥4 2 HenFuiioglu graphics.h Tng #HafidU initgraph() WudeddudmsundouInua
° [] J o o { L) v
mavianuiuTnuanm dauiladdy cosegraphQ mhiillaTnuanmiiadylued
v o a o .. =) P (Y dy
Tnuaa8nys W1313me§ 1 initgraph() U5 1vazidoansil
3 ¥ ] v
graphdriver [HudFdmivdldfmnonyInuavessenmiidesnts Tagia 'l
o Y & ' idy va q .
zimua vy DETECT Fufumneiini 1diiew 131y graphics.h vnefeliid Inua
nmatianuazdsagegaiimyaszannsainuld
=] s dwq s 4” a 1 Ly a e
graphmode  WudiFdmsuylifomnuavInuades  venszauavazdad
[ F ) v
aoen1s  Tumsldaulaenaluisee higearfides19aas DETECT lumsfmua
Tnuave I igenaegudy
. A a 4 2 A a % a
pathtodriver  fadayaanse Anuenede laisnasivedlasnesvenm lunmndou
a 9/ J a o o I 0’1’ 1
Tsunsundunzihaaalasldnen lwmesvinuiinuesiouddiu szuon Tugaday
3
MUANMITUTAINRBIMNANYIN (9Senduauguildl a5 las128$(Graphic
Driver) fiuwwenadiu BGI uadun lismuasidalugresiedreans Tusunsuszdum
a LY LY 5 9 9 a LY 1 A
vinlasnaesilogiuimu . dafy §ifouldsunsuszdesasinaenlanaesilogiuii
IMauweana Bl wie'ly nsflnlasnesfisesldaudszdr exiffuveses EGA waz

é v s = 4 \
VGA $35100ga18iuii¥ed1 EGAVGA.BGI
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sresams@eu Tusunsulu Tnuanmn Tag ¥l adSuvesnud

#include <conio.h>

#include <graphics.h>

void main()

{

}

int gdriver=DETECT , gmode;

initgraph(&gdriver,&gmode,”); /asu "l‘ﬂfj AsIWN Tnua
/ daunanswiln
closegraph(); I nﬂﬁau"lﬂfﬁﬁmﬁ"sé”nys

Y| ad P A ' ad o o ' ad s o 9
2. MITUAVINAYUDIA m@li'lﬂﬂ‘l!ﬂiﬂc]‘ﬂuﬂﬂ‘ﬂﬂiﬂ Wlll'ﬁuﬂ‘il@ﬂﬂfl‘l]ﬂiﬂﬂ%81“1‘11]'13[?1‘1]

& 2 o ' & o o U do A =)
W1199 F2TON1 scan code Fefivuina 2 lud Tasifuilandunieny F1-F12 wiigduuuns

d4f1 scan code TandenIntiusia hhiude dienatluilanduniavez Iddeoyaludusn

i1y ooF deyaludsaunfeiiusiavesfladFuiisudazdd Taold fefdu getch() flu

@ { a ' 'd J
ARFuUnSUMININAduesA

Y ] o 1 a d 4
AIDYWNITTIUAVINAYIUDIA

#define F1 59 //1flus1 scan code Y94 F1
#define F2 60 // U scan code Y84 F2
#define F3 61  //15luf1 scan code ¥D9 F3
main()
{

char ch;

ch=getch(); 7 Sue ludusnueanisnang

if (ch==0) ch=getch(); // thanFuuuiiu o eaasiudutiuedFudien)

switch(ch)

{
case F1 : // lihlafsundesnsifiona F1 ;

@

uidesnisiliona F2 ;

o

Sy A
UNAINITINanNa F3

case F2 :// "lﬂﬁ'lﬁdﬁ
case F3 - // Tl
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3. ms@eutludrwquu Dos MWmdeurutjuuy Windows Tagldudnmsadieninudslda
am udamadudvn 2 duiyuuude tazandudar 2 dudiyuaenies dluiise
anaadefuluuy Windows duwaaslugiveslisunsuniuudalu Main Result Tu

v ¥ Y v o 39 ¥ o P | v a a5,
naasatudmdrdesnisnaifuiignnanlfduannis@eriuiisusadududviamsdn

Aoz lddJurunsnanda
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2.6 N199ANITAULADSSNE

me interrupt Aaildddudnwnsnisdinn Alasudidunn lussuy
renfawef Aetauaaiaaues CPU figryidellunsreamsmaaeudniignsallofidasnns
W CPU viawlitin  fadunnined8ng interrupt Wnun W lussuy Saflunnevinly
CPU amnamvinenaw Wilaelidnfhusiesnesnmadeuginsniineg Adesteetussn
uasdwinl CPU anansavianuWigunsadoines menilél ilegqunsafifun daanns
° ar dl‘ o ¢ o o a el' a < Tar rdu
AMTLIATENWNT  uuasiaznulindtynrniazuannisifianisduse Swsnenau
[y 14 1 o o g ¢ o ' P co o ol Ly o e=
MNENIUT LEuNaANeiaegud Tigasdedynnduwme Swsiie szl iR
M A ldannisdrusnsiuitueiug (s wenaini drynnudumafnwsiana
anllsimairindwinuegddadmaznmes Sufhdinimesldlunsdandumne Sl
Wrifeszunfiing fnluneauentssinvaeanistume Sy umadiin dans
a s sa s o @ a e
TUAAD ENTAUISAULARSTNG ( Hardware Interrupt )  uBumesFwsigniasuslag

aniauaf uaz gaWALIsBUARSIWA ( Software Interrupt ) azgniasseaninsioalains

LAUTNARNAWIN N sy

Timer Interrupt )
Mgl BM PC Un@iazil interrupt wnneias ICH Safhuimuneaunes timer interrupt
ennfnelu IBM PC axvinnisiuasdnly Register counter ( Un@azufuan maximum
Aern FFFFH ) saeinanad 1.19318 MHz iilednlu Register counter WuasauilATuguel
b -3 . v o ‘1( . ‘=ll o 5 o g % Adl
ua nazavdtyrynd interrupt WiiAeaulne dryoyo interrupt NNAYURLINATUAILAND
18.2 ATeria il viseifinynT 55 msec AniusiaInnsoni imer interrupt AtnRes IBM
pC AWl urffidemassssamamnnues sumeiFeiaridulinosTugiiuly &1lugjau
THaa1mInnada 55 msec Azl iAndumefwss ey
Y v v . PN . < ° Y
UAtL3I58NTs INNS interrupt AIaunNndn 55 msec Aanunsoyinldlnantass
ALl uTsunsugy deansWifanns interrupt 40 e 1 sec Ai1&TAEnsRs
WAL 1/0.055 WiTetszanns 18 A%t Fadieifanas interrupt WAazANAAzNINNG
ARAFINILIAN 1 AUNIZYIIATL 18 ANIARZYN sub-routine RELALEIGANTS interrupt 1314

"y o e . = EY ' o U ¥
AN UTIABIAT IANAY interrupt N3a11T09A31 55 msec a3 avin 18 Tay

wagualu Register counter WMeNATNI695
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° N Lo DI 1 4 3
msrinnum sampling 1siAMUa8INg" 55 msec.
o :’/ ' el' | :’/ 1 . . k% T o o %
AnduneunaziniwsioAn  Sampling Time  azfipsiinisinuualuumnisvinawl
fil Register counter riaulaeinnsga Control Byte 1uldviuneiay wasm 43H ( Register

mode control ) 34 Control Byte Husiaz Bit azilAnuuunesing - iy fall

SC1 SCO RL1 RL2 M2 M1 MO BCD

(1) SC A8 SELECT CHANNEL

SC1 SCO CHANNEL #ignidien
0 0 CHANNEL 0

0 1 CHANNEL 1

1 0 CHANNEL 2

1 1 NOT USED

v
Tunnsudm sampling time Husasiaen ldusaiua 0

(2) READ / WRITE OR LATCH

RL1 RLO Anwnuzuasdsidnediaya

0 0 MMN17 Latch ANl Register Counter
0 1 read/write data QW12 8 bit A9

1 0 read/write data @W1T 8 bit LU

read/write data ¥4 16 bit latI3NaIN

low byte NAUUATAINAI high byte

(3) MODE N19%119U

M2 M1 MO Mode N1IMN9NU
0 0 0 mode 0 : Single Time Out
0 0 1 mode 1: Retriggerable One shot
1 0 mode 2 : Rate Generater
1 1 mode 3 : Square wave mode
1 0 0 mode 4 : Softwave Triggered Strobe
1 0 1 mode 5 : Hardwave Retriggerable Strobe




uazlummansd Aty channel 0 .. mode 3 : square
wave mode Uaz fin1seuidisu data 1m 16 bit Azl control byte 1flu 36H
Wofinng load A 36H Wiinefavmneian 43H Wierndnmousnng
Yeuuda assieslinig load #n counter 1% Register counter eiflun1fvua
Sampling time AeiAn counter NSt modde 3 : Square wave mode Rz
WML 1.19318MHz QouriuAn Sampling time 7ifieens fRgldAn counter aen
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General Description

The LM628/LM629 are dedicated motion-control proces-
sors designed for use with a variety of DC and brushless DC
servo motors, and other servomechanisms which provide a
quadrature incremental position feedback signal. The parts
perform the intensive, real-time computational tasks re-
quired for high performance digital motion control. The host
sontrol software interface is facilitated by a high-level com-

. mand set. The LM628 has an 8-bit output which can drive

either an 8-bit or a 12-bit DAC. The components required to
build a servo system are reduced to the DC motor/actuator,
an incremental encoder, a DAC, a power amplifier, and the
LM628. An LM629-based system is similar, except that it
provides an 8-bit PWM output for directly driving H-switches.
The parts are fabricated in NMOS and packaged ina 28-pin
dua! in-line package or a 24-pin surface mount package
(LM629 only). Both 6 MHz and 8 MHz maximum frequency
versions are available with the suffixes -6 and -8, respec-

&National Semiconductor

February 1995

LM628/LM629 Precision Motion Controller

Features

32-bit position, velocity, and acceleration registers

Programmable digital PID filter with 16-bit coefficients

Programmable derivative sampling interval

8- or 12-bit DAC output data (LM628)

8-bit sign-magnitude PWM output data (LM629)

Internal trapezoidal velocity profile generator

Velocity, target position, and filter parameters may be

changed during motion

Position and velocity modes of operation

Real-time programmable host interrupts

8-bit paraliel asynchronous host interface

Quadrature incremental encoder interface with index

pulse input

m Available in a 28-pin dual in-line package or a 24-pin
surface mount package (LM629 only)

DIGITAL

tively, used to designate the versions. They incorporate an  TA.sTATE® s d of National [
SDA core processor and cells designed by SDA.
LM623
HOST 1/0 PORT
COMMAND POSITION HOST P
Emumccn(az er)l INTERFACE TO HOST PROCESSOR

DAC PORT

PID FULTER
(168m)

POSITION FEEDBACK
PROCESSOR(32 BIT)

posy

D.C. MOTOR

vy IHCREMENTAL
MaB.LS ENCODER
TUH/9219-1
FIGURE 1. Typical System Block Diagram
Connection Diagrams
LM628N LM62SN LM62SM

~ _ . N/

=R 28 —Vpe oEe 1l 28V Ne 1 24|03

A—{2 27 |—RST A2 27|~ RST 022 2304

B3 26 —CLK B3 26-CLK 0143 2205
o7~ 25 }=Dace p7—{4 251-=NC - N
p6—{s 24 |—0act p6—{5 24f=NC —

ts—s 20 =07

ps—46 231-DAC2 p5={6 231-nc _

47 22 |-04c3 oe—{7 22p-Ne RO —18 N
o348 21|—Dacs 033 21f-Ne GND—17 181—A
2] 20 [DACS s 20k-nc vk 17N
o1~ 10 19 |- 0acE ot—}10 191~ WM MAG Ps—{s 16 }— Voo
D011 18 |—0AC7 po—11 18}—PWM SIGN =0 15 -7
il e b i 171 pwh sioh —{ 11 14} cx
RO—{13 1675 RD—{13 16— PS

i 0 i *Ne—{i2 13 | PWM MAG

GND—{ 14 15| WR GND—{14 ish-wr

TL/H/8218-2

TL/H/9219-3 *Do not connect.

Order Number LM62SM-6, LM629M-8, LM628N-6, LM628N-8, LM629N-6 or LM629N-8
See NS Package Number M24B or N28B

TU/H/9218-21

©1995 National Samiconductor Comparation  TL/H/S219

RAD-B30M115/PrintedIn U. S. A
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Absolute Maximum Ratings mote 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage at Any Pin with
Respect to GND

Ambient Storage Temperature

Lead Temperature
28-pin Dual In-Ling

—-0.3Vto +7.0V
-65°C to +150°C

Package (Soldering, 4 sec.) 260°C

24-pin Surface Mount

Pack age (Soldering, 10 sec.) 300°C
Maxiraum Power Dissipation (T4 < 85°C, Note 2) 605 mW
ESD Tolerance

(Czap = 120 pF, Rzap = 1.5k} 2000V

DC Electrical Characteristics (vpp and Ta per Operating Ratings; fork = 6 MH2)

Operating Ratings

Temperature Range
Clock Frequency:
LM628N-6, LM629N-6,
LM629M-6
LM628N-8, LM629N-8,
LM629M-8

Vpp Range

—40°C < Ty < +85°C

1.0 MHz < fok < 6.0 MHz

1.0 MHz < fg k < 8.0 MHz
4.5V < Vpp < 5.5V

Symbol Parameter Conditlons Tested Limits Units
Min Max
Ibp Supply Current Outputs Open 110 mA
INPUT VOLTAGES
ViH Logic 1 Input Voltage 2.0 \
Vi Logic O Input Voltage 0.8 \
N Input Currents 0 < VNS VoD —10 10 HA
OUTPUT VOLTAGES
Vou Logic 1 loy = —1.6mA 2.4
VoL Logic 0 log = 1.6 mA 0.4 v
lour TRI-STATE® Qutput Leakage Current 0 < Vout < Vpp —-10 10 HA
AC Flectrical Characteristics
(Vpp ard Ta per Operating Ratings; foix = 6 MHz; C oap = 50 pF; Input Test Signal t; = t = 10 ns)
Timing Interval T# Tested Limits Units
Min Max
ENCODER AND INDEX TIMING (See Figure 2)
Motor-Phase Pulse Width T1 16
fok He
Dwell-Time per State T2 8
= s
fok
Index Pulse Setup and Hold T3 0
{Relative to Aand B Low) ks
CLOCK AND RESET TIMING (See Figure 3)
Clock Pulse Width
LM628N-6, LM629N-6, LM629M-6 T4 78 ns
LM628N-8, LM629N-8, LM629M-8 T4 57 ns
Clock Period
LM628N-6, LM629N-6, LM629M-6 T5 166 ns
LM628N-8, LM629N-8, LM629M-8 T5 125 ns
Reset Pulse Width T6 8
= s
foLk




AC Electrical Characteristics (continued)
(Vpp and Ty per Operating Ratings; fo .k = 6 MHz; Gy oap = 50 pF; Input Test Signal t, = = 10 ns)

Timing Interval T# Tested Limits Units
Min Max
STATUS BYTE READ TIMING (See Figure 4)
Chip-Select Setup/Hold Time T7 0 ns
i Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 ns
Read Data Access Time T10 180 ns
Read Data Hold Time T11 0 ns
RD High to Hi-Z Time T12 180 ns
COMMAND BYTE WRITE TIMING (See Figure 5)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
Port-Select Hold Time T9 30 . ns
Busy Bit Delay T13 (Néte 3) ns
WR Pulse Width T14 100 ns
Write Data Setup Time T15 50 ns
Write Data Hold Time T16 120 ns
DATA WORD READ TIMING (See Figure 6)
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
) Port-Select Hold Time T9 30 ns
Read Data Access Time T10 180 ns
Read Data Hold Time T11 0 ns
RD High to Hi-Z Time T12 180 ns
Busy Bit Delay T13 (Note 3} ns
Read Recovery Time T17 120 ns
DATA WORD WRITE TIMING (See Figure 7}
Chip-Select Setup/Hold Time T7 0 ns
Port-Select Setup Time T8 30 ns
Pont-Select Hold Time T9 30 ns
Busy Bit Delay T13 (Note 3) ns
WR Pulse Width T14 100 ns
Write Data Setup Time T15 50 ns
Write Data Hold Time T16 120 ns
Write Recovery Time T18 120 ns

Note 1: Absolte Maximum Ratings indicate kmits bayond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond the above Operating Ratings.

Note 2: When operating at amblent temperatures above 70°C, the device must be protected against excessive junction temperatures. Mounting the package on a
printed circuit board having an area greater than three square inches and surrounding the leads and body with wide copper traces and large, uninterrupted areas of
copper, such as a ground piane, sutfices. The 28-pin DIP (N) and the 24-pin surface mount package (M) are molded plastic packages with solid copper lead frames,
Mast of the heat generated at the de flows from the die, through the copper lead frama, and into copper traces on the printed dircuit board. The copper traces act
as a heat gink. Double-sided or muiti-tayer boards pravide heat transter charactaristics superior to those of single-gidad boards.

Note 2: In order to read the busy bit, the status byte must first be read. The time required to read the busy bit far exceeds the time the chip requires to set the busy
bit. tt is, therefore, impossible to test actual busy bit delay. The busy bit is guaranteed to ba valid as soon as the user is able to read it.
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Pinout Description

(See Connection Diagrams) Pin numbers for the 24-pin sur-
face mount package are indicated in parentheses.

Pin 1 (17), Index (IN) Input: Receives optional index pulse
from the encoder. Must be tied high if not used. The index
position is read when Pins 1, 2, and 3 are low.

Pins 2 and 3 (18 and 19), Encoder Signal (A, B) Inputs:
Receive the two-phase quadrature signals provided by the
incremental encoder. When the motor is rotating in the posi-
tive (“forward"’) direction, the signal at Pin 2 leads the signal
at Pin 3 by 90 degrees. Note that the signals at Pins 2 and 3
must remain at each encoder state (See Figure 9) for a
minimum of 8 clock periods in order to be recognized. Be-
cause of a four-to-one resolution advantage gained by the
method of decoding the quadrature encoder signals, this
corresponds to a maximum encoder-state capture rate of
1.0 MMz (fg k= 8.0 MHz) or 750 kHz (fc k = 6.0 MHz).
For ott 2r clock frequencies the encoder signals must also
remain at each state a minimum of 8 clock periods.

Pins 4 to 11 (20 to 24 and 2 to 4), Host 1/0 Port (DO to
D7): Bi-directional data port which connects to host comput-
er/processor. Used for writing commands and data to the
LM628, and for reading th_estatus bytg__ and data 1£gr_n the
LMé&28, as controlled by CS (Pin 12), PS (Pin 16), RD (Pin
13), and WR (Pin 15).

Pin 12 (5), Chip Select (CS) Input: Used to select the
LM&28 for writing and reading operations.

Pin 13 (6), Read (RD) Input: Used to read status and data.
Pin 14 (7), Ground (GND): Power-supply return pin.

Pin 15 (8), Write (WR) Input: Used to write commands and
data.

Pin 16 (9), Port Select (PS) Input Used to select com-
mand or data port. Selects command port when low, data
port when high. The following modes are controlled by Pin
16:

1. Commands are written to the command port (Pin 16 low),
2. Status byte is read from command port (Pin 16 fow}, and
3. Data is written and read via the data port (Pin 16 high}.
Pin 17 (10), Host Interrupt (HI) Output: This active-high
signal nlerts the host (via a host interrupt service routine)
that an. nterrupt condition has occurred.

Pins 8 to 25, DAC Port (DACO to DAC7): Output port
which is used in three different modes:

1. LM628 (8-bit output mode): Outputs latched data to the
DAC. The MSB is Pin 18 and the LSB is Pin 25.

2. LM628 (12-bit output mode): Outputs two, multiplexed
6-bit words. The less-significant word is output first The
MSB is on Pin 18 and the LSB is on Pin 23. Pin 24 is used
to demultiplex the words; Pin 24 is low for the less-signifi-
cant word. The positive-going edge of the signal on Pin
25 is used to strobe the output data. Figure 8 shows the
timing of the multiplexed signals.

3. LM629 (sign/magnitude outputs): Outputs a PWM sign
signal on Pin 18 (11 for surface mount), and a PWM mag-
nitude signal on Pin 19 (13 for surface mount). Pins 20 to
25 are not used in the LM629. Figure 11 shows the PWM
output signal format.

Pin 26 (14), Clock (CLK) Input Receives system clock.

Pin 27 (15), Reset (RST) Input: Active-low, positive-edge

triggered, resets the LM628 to the internal conditions shown

below. Note that the reset pulse must be logic low for a

minimum of 8 clock periods. Reset does the following:

1. Filter coefficient and trajectory parameters are zeroed.

2. Sets position error threshold to maximum value (7FFF
hex}, and effectively executes command LPEI

3. The SBPA/SBPR interrupt is masked (disabled).

4. The five other interrupts are unmasked (enabled).

5. Initializes current position to zero, or “home' position.

[

. Sets derivative sampling interval to 2048/fcy k or 256 ps
for an 8.0 MHz clock.

. DAG port outputs BOO hex to “zero™ a 12-bit DAG and
then reverts to 80 hex to “zero’ an 8-bit DAG.

Immediately after releasing the reset pin from the LM628,
the status port should read ‘00'. If the reset is successfully
completed, the status word will change to hex ‘84’ or ‘C4’
within 1.5 ms. If the status word has not changed from hex
‘00’ to ‘84" or ‘G4’ within 1.5 ms, perform another reset and
repeat the above steps. To be certain that the reset was
properly performed, execute a RSTI command. |f the chip
has reset properly, the status byte will change from hex ‘84’
or ‘C4' to hex ‘80" or ‘C0". If this does not occur, perform
another reset and repeat the above steps.

Pin 28 (16), Supply Voltage (Vpp): Power supply voltage
(+5V).
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Theory of Operation

INTRODUCTION

The typical system block diagram (See Figure 1) llustrates
a servo system built using the LM628. The host processor
communicates with the LM628 through an 1/O port to facili-
tate programming a trapezoidal velocity profile and a digital
compensation filter. The DAC output interfaces to an exter-
nal digital-to-analog converter to produce the signal that is
power amplified and applied to the motor. An incremental
encoder provides feedbatk for closing the position servo
loop. The trapezoidal velocity profile generator calculates
the required trajectory for either position or velocity mode of
operation. In operation, the LM628 subtracts the actual po-
sition (feedback position) from the desired position (profile
generator position), and the resulting position error is pro-
cessed by the digital filter to drive the motor to the desired
position. Table | provides a brief summary of specifications
offered by the LM628/LM629:

POSITION FEEDBACK INTERFACE

The LM628 interfaces to a motor via an incremental encod-
er. Three inputs are provided: two quadrature signal inputs,

and an index pulse input. The quadrature signals are used
to keep track of the absolute position of the motor. Each
time a logic transition occurs at one of the quadrature in-
puts, the LM628 internal position register is incremented or
decremented accordingly. This provides four times the reso-
lution over the number of lines provided by the encoder.
See Figure 9. Each of the encoder signal inputs is synchro-
nized with the LM628 clock.

The optional index pulse output provided by some encoders
assumes the logic-low state once per revolution. If the
LM628 is so programmed by the user, it will record the ab-
solute motor position in a dedicated register (the index reg-
ister) at the time when ali three encoder inputs are logic low.
I the encoder does not provide an index output, the LM628
index input can also be used to record the home position of
the motor. In this case, typically, the motor will close a
switch which is arranged to cause a logic-low level at the
index input, and the LM628 wili record motor position in the
index register and alert (internupt) the host processor. Per-
manently grounding the index input will cause the LM628 to
malfunction.

TABLE |. System Specifications Summary

Position Range

—1,073,741,824 to 1,073,741,823 counts

Velocity Range
counts/sample

0 to 1,073,741,823/216 counts/sample; ie, 0 10 16,383 counts/sample, with a resolution of 1/216

Acceleration Range

0 to 1,073,741,823/216 counts/sample/sample; ie, 0 to 16,383 counts/sample/sample, with a
resolution of 1/216 counts/sample/sample

Motor Drive Output LM628: 8-bit parallel output to DAG, or 12-bit multiplexed output to DAC
LM629: 8-bit PWM sign/magnitude signals
Operating Modes Position and Velocity

Feedback Device

Incremental Encoder (quadrature signals; support for index pulse)

Control Algorithm

Proportional Integral Derivative (PID) (plus programmable integration limit)

Sample Intervals

Derivative Term: Programmable from 2048/fc k to (2048 * 256)/1ck in Steps of 2048/fcyk (256
to 65,536 us for an 8.0 MHz clock).
Proportional and Integral: 2048/ k
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FIGURE 10. Typical Velocity Profiles

VELOCITY PROFILE (TRAJECTORY) GENERATION

The trapezoidal velocity profile generator computes the de-
sired position of the motor versus time. In the position mode
of operation, the host processor specifies acceleration,
maximum velocity, and final position. The LM628 uses this
information to affect the move by accelerating as specified
until the maximum velocity is reached or until deceleration
must begin to stop at the specified final position. The decel-
eration rate is equal to the acceleration rate. At any time
during the move the maximum velocity and/or the target
position may be changed, and the motor will accelerate or
decelerate accordingly. Figure 10 illustrates two typical trap-
ezoidal velocity profiles. Figure 10 (a) shows a simple trape-
20id, while Figure 10 (b) is an example of what the trajectory
looks like when velocity and position are changed at differ-
ent tim s during the move.

When operating in the velocity mode, the motor accelerates
to the specified velocity at the specified acceleration rate
and maintains the specified velocity until commanded to
stop. The velocity is maintained by advancing the desired
position at a constant rate. If there are disturbances to the
motion during velocity mode operation, the long-time aver-
age velocity remains constant. If the motor is unable to
maintain the specified velocity (which could be caused by a
locked rotor, for example), the desired position will continue
10 be increased, resulting in a very large position error. If this

condition goes undetected, and the impeding force on the
motor is subsequently released, the motor could reach a
very high velocity in order to catch up to the desired position
(which is still advancing as specified). This condition is easi-
ly detected; see commands LPEI and LPES.

All trajectory parameters are 32-bit values. Position is a
signed quantity. Acceleration and velocity are specified as
16-bit, positive-only integers having 16-bit fractions. The in-
teger portion of velocity specifies how many counts per
sampling interval the motor will traverse. The fractional por-
tion designates an additional fractional count per sampling
interval. Although the position resolution of the LM628 is
limited to integer counts, the fractional counts provide in-
creased average velocity resolution. Acceleration is treated
in the same manner. Each sampling interval the command-
ed acceleration value is added to the current desired veloci-
ty to generate a new desired velocity (unless the command
velocity has been reached).

One determines the trajectory parameters for a desired
move as follows. If, for example, one has a 500-line shaft
encoder, desires that the motor accelerate at one revolution
per second per second until it is moving at 600 rpm, and
then decelerate to a stop at a position exactly 100 revolu-
tions from the start, one would calculate the trajectory pa-
rameters as follows:
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Theory of Operation (continued)

let P = target position (units = encoder counts)

let R = encoder lines * 4 (system resolution)

then R = 500 * 4 = 2000

and P = 2000 " desired number of revolutions
P = 2000 * 100 revs = 200,000 counts (value to
load)
P (coding) = 00030D40 (hex code written to LM628)

let V = velocity (units = counts/sample)
let T = sample time (seconds) = 341 us (with 6 MHz
clock)
let C = conversion factor = 1 minute/60 seconds
then V =R * T * C * desired rpm
and V = 2000 * 341E—6 * 1/60 * 600 rpm
V = 6.82 counts/sample
V (scaled) = 6.82 * 65,536 = 446,955.52
V (rounded) = 446,956 (value to load)
V (coding) = 0006D1EC (hex code written to LM628)

let A = acceleration (units = counts/sample/sample)
A=R*T*T* desired acceleration (rev/sec/sec)
then A = 2000 * 341E—6 * 341E-6 * 1 rev/sec/sec
and A = 2.33E—4 counts/sample/sample
A (scaled) = 2.33E—4 * 65,536 = 15.24
A (rounded) = 15 (value to load)
A (coding) = 0000000F (hex code written to LM628)

The above position, velocity, and acceleration values must
be converted to binary codes to be loaded into the LM628.
The values shown for velocity and acceleration must be
multiplied by 65,536 (as shown) to adjust for the required
integer/fraction format of the input data. Note that after
scaling the velocity and acceleration values, literal fractional
data cannot be loaded; the data must be rounded and con-
verted to binary. The factor of four increase in system reso-
lution is due to the method used to decode the quadrature
encoder signals, see Figure 9.

PID COMPENSATION FILTER

The LM628 uses a digital Proportional integral Derivative
(PID) filter to compensate the control loop. The motor is
held at the desired position by applying a restoring force to
the motor that is proportional to the position error, plus the
integral of the error, plus the derivative of the error. The
following discrete-time equation illustrates the control per-

formed by the LM628:
n

u(n) = kp*e(n) + kiz e(n) +

N=0

kdle(n') — e(n' — 1)] (Eq.1)

where u(n) is the motor control signal output at sample time

n, e(n) is the position error at sample time n, n* indi-

cates sampling at the derivative sampling rate, and

kp, ki, and kd are the discrete-time filter parameters
loaded by the users.

The first term, the proportional term, provides a restoring
force porportional to the position error, just as does a spring
obeying Hooke's law. The second term, the integration
term, provides a restoring force that grows with time, and
thus ensures that the static position error is zero. if there is

a constant torque loading, the motor will still be able to
achieve zero position error.

The third term, the derivative term, provides a force propor-
tional to the rate of change of position error. it acts just like
viscous damping in a damped spring and mass system (like
a shock absorber in an automobile). The sampling interval
associated with the derivative term is user-selectable; this
capability enables the LM628 to control a wider range of
inertial loads (system mechanical time constants) by provid-
ing a better approximation of the continuous derivative. In
general, longer sampling intervals are useful for low-velocity
operations.

in operation, the filter algorithm receives a 16-bit error signa!
from the loop summing-junction. The error signal is saturat-
ed at 16 bits to ensure predictable behavior. In addition to
being multiplied by filter coefficient kp, the error signal is
added to an accumulation of previous errors (1o form the
integral signal) and, at a rate determined by the chosen de-
nvative sampling interval, the previous error is subtracted
from it (to form the derivative signal). All filter multiplications
are 16-bit operations; only the bottom 16 bits of the product
are used.

The integral signal is maintained to 24 bits, but only the top
16 bits are used. This scaling technique results in a more
usable (less sensitive) range of coefficient ki values. The 16
bits are right-shifted eight positions and multiplied by filter
coefficient ki to form the term which contributes to the mo-
tor control output. The absolute magnitude of this product is
compared to coefficient il, and the lesser, appropriately
signed magnitude then contributes to the motor control sig-
nal.

The derivative signal is multiplied by coefficient kd each de-
rivative sampling interval. This product contributes to the
motor control output every sample interval, independent of
the user-chosen derivative sampling interval.

The kp, limited ki, and kd product terms are summed to form
a 16-bit quantity. Depending on the output mode (wordsize),
either the top 8 or top 12 bits become the motor control
output signal.

LM628 READING AND WRITING OPERATIONS

The host processor writes commands to the LM628 via the
host 1/0 port when Port Select (PS) input (Pin 16) is logic
low. The desired command code is applied to the parallel
port line and the Write (WR) input (Pin 15) is strobed. The
command byte is latched into the LM628 on the rising edge
of the WR input. When writing command bytes it is neces-
sary to first read the status byte and check the state of a
flag called the “busy bit” (Bit 0). If the busy bit is logic high,
no command write may take place. The busy bit is never
high longer than 100 ps, and typically falls within 15 us to
25 ps.

The host processor reads the LM628 status byte in a similar
manner: by strobing the Read (RD) input (Pin 13) when PS
(Pin 16) is low; status information remains valid as long as
RD is low.

Writing and reading data to/from the LM628 (as opposed to
writing commands and reading status) are done with PS (Pin
16) logic high. These writes and reads are always an inte-
gral number (from one to seven) of two-byte words, with the
first byte of each word being the more significant. Each byte
requires a write (WR) or read (RD) strobe. When transferring
data words (byte-pairs), it is necessary to first read the
status byte and check the state of the busy bit. When the




Theory of Operation (continued)

busy bit is logic low, the user may then sequentially transfer
both bytes comprising a data word, but the busy bit must
again be checked and found to be low before attempting to
transfer the next byte pair (when transferring multiple
words). Data transfers are accomplished via LM628-internal
interrupts {which are not nested); the busy bit informs the
host processor when the LM628 may not be interrupted for
data transfer (or a command byte). If a command is written
when the busy bit is high, the command will be ignored.

The busy bit goes high immediately after writing a command
byte, or reading or writing a second byte of data (See Fig-
ures § thru 7).

MOTOR OUTPUTS

The LM628 DAC output port can be configured to provide
either a latched eight-bit parallel output or a multiplexed
12-bit output. The 8-bit output can be directly connected to
a flow-through (non-input-latching) D/A converter; the 12-bit
output =an be easlly demultiplexed using an external 6-bit
latch and an input-latching 12-bit D/A converter. The DAC
output data is offset-binary coded; the 8-bit code for zero is
80 hex and the 12-bit code for zero is 800 hex. Values less
than these cause a negative torque to be applied to the
motor and, conversely, larger values cause positive motor
torque. The LM628, when configured for 12-bit output, pro-
vides signals which control the demultiplexing process. See
Figure 8 for details.

The LM629 provides 8-bit, sign and magnitude PWM output
signals for directly driving switch-mode motor-drive amplifi-
ers. Figure 11 shows the format of the PWM magnitude out-
put signal.

DUTY CYCLE: PWM MAGNITUDE WAVEFORMS (pin 19):
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Note: Sign output (pin 18} not shawn
FIGURE 11. PWM Output Signal Format

TABLE II. LM628 User Command Set

i Data

Command Type Description Hex Bytes Note
RESET Initialize Reset LM628 00 0 1
PORT8 Initialize Select 8-Bit Output 05 0 2
PORT12 Initialize Select 12-Bit Output 06 0 2
DFH Initialize Define Home 02 0 1
SiP Interrupt Set Index Position 03 0 1
LPEL Interrupt Interrupt on Error 1B 2 1
LPES Interrupt Stop on Error 1A 2 1
SBPA Interrupt Set Breakpoint, Absolute 20 4 1
SBPR Interrupt Set Breakpoint, Relative 21 4 1
MSK! interrupt Mask Interrupts 1C 2 1
RST Interrupt Reset Interrupts 1D 2 1
LFIL Filter Load Filter Parameters 1E 2t0 10 1
UDF Filter Update Fiiter 04 0 1
LTRJ Trajectory Load Trajectory 1F 21014 1
STT Trajectory Start Motion 01 0 3
RDSTAT Report Read Status Byte None 1 1,4
RDSIGS Report Read Signals Register oC 2 1
RDIP Report Read Index Position 09 4 1
RDDP Report Read Desired Position 08 4 1
RDRP Report Read Real Position 0A 4 1
RDDV Report Read Desired Velocity 07 4 1
RDRV Report Read Real Velocity 0B 2 1
RDSUM Report Read Integration Sum oD 2 1

Note 1: Commands may be executed “On the Fiy" during motion.

Note 2: Commands not applicable to executlon during motion.
Note 3: Command may be executed during motion if acceleration parameter was not changed.

Note 4: Command needs no code because the command port status-byte read is totally supported by hardware.




User Command Set

GENERAL

The following paragraphs describe the user command set of
the LM628. Some of the commands can be issued alone
and some require a supporting data structure. As examples,
the command STT (STarT motion) does not require addi-
tional data; command LFIL (Load FlLter parameters) re-
quires additional data (derivative-term sampling interval
and/or filter parameters). .

Commands are categorized by function: initialization, inter-
rupt control, filter control, trajectory control, and data report-
ing. The commands are listed in Table Il and described in
the following paragraphs. Along with each command name
is its command-byte code, the number of accompanying
data bytes that are to be written (or read), and a comment
as to whether the command is executable during motion.

Initialization Commands

The following four LM628 user commands are used primari-
ly to initialize the system for use.

RESET COMMAND: RESET the LM628

Command Code: 00 Hex

Data Byles: None

Executable During Motion: Yes
This command (and the hardware reset input, Pin 27) re-
sults in setting the following data items to zero: filter coeffi-
cients and their input buffers, trajeclory parameters and
their input buffers, and the motor control output. A zero mo-
tor control output is a half-scale, offset-binary code: (80 hex
for the 8-bit output mode; 800 hex for 12-bit mode). During
reset, the DAC port outputs 800 hex to “zero” a 12-bit DAC
and reverts to 80 hex 1o “zero” an 8-bit DAC. The command
also clears five of the six interrupt masks (only the SBPA/
SBPR interrupt is masked), sets the output port size to
8 bits, and defines the current absolute position as home.
Reset, which may be executed at any time, will be complet-
ed in less than 1.5 ms. Also see commands PORT8 and
PORT12.

PORT8 COMMAND: Set Output PORT Size to 8 Bits

Command Code: 05 Hex
Data Bytes: None
Executable During Motion: Not Applicable

The default output port size of the LM628 is 8 bits; so the
PORT8 command need not be executed when using an
8-bit DAC. This command must not be executed when using
a 12-bit converter; it will result in erratic, unpredictable mo-
tor behavior. The 8-bit output port size is the required selec-
tion when using the LM629, the PWM-output version of the
LMé28.

PORT12 COMMAND: Set Qutput PORT Size to 12 Bits

Command Code: 06 Hex

Data Bytes: None

Executable During Motion: Not Applicable
When a 12-bit DAC is used, command PORT12 should be
issued very early in the initialization process. Because use
of this command is determined by system hardware, there is
only one foreseen reason to execute it later: if the RESET
command is issued (because an 8-bit output would then be
selected as the default) command PORT12 should be im-

mediately executed. This command must not be issued
when using an 8-bit converter or the LM629, the PWM-out-
put version of the LM628.

DFH COMMAND: DeFine Home
Command Code: 02 Hex
Data Bytes: None

Executable During Motion: Yes
This command declares the current position as “home”, or
absolute position 0 (Zero). If DFH is executed during motion
it will not affect the stopping position of the on-going move
unless command STT is also executed.

Interrupt Control Commands

The following seven LM628 user commands are associated
with conditions which can be used to interrupt the host com-
puter. In order for any of the potential interrupt conditions to
actually interrupt the host via Pin 17, the corresponding bit
in the interrupt mask data associated with command MSKI
must have been set to logic high (the non-masked state).

The identity of all interrupts is made known to the host via
reading and parsing the status byte. Even if all interrupts are
masked off via command MSKI, the state of each condition
is still reflected in the status byte. This feature facilitates
polling the LM628 for status information, as opposed fo in-
terrupt driven operation.

SIP COMMAND: Set Index Position
Command Code: 03 Hex
Data Bytes: None
Executable During Motion: Yes

After this command is executed, the absolute position which
corresponds to the occurrence of the next index pulse input
will be recorded in the index register, and bit 3 of the status
byte will be set to logic high. The position is recorded when
both encoder-phase inputs and the index pulse input are
logic low. This register can then be read by the user (see
description for command RDIP) to facilitate aligning the defi-
nition of home position (see description of command DFH)
with an index pulse. The user can also arrange to have the
LM628 interrupt the host to signify that an index pulse has
occurred. See the descriptions for commands MSKI| and
RSTL

LPEI COMMAND: Load Position Error for Interrupt

Command Code: 1B Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yes

An excessive position error (the output of the loop summing
junction) can indicate a serious system problem; e.g., a
stalled rotor. Instruction LPEI allows the user to input a
threshold for position error detection. Error detection occurs
when the absolute magnitude of the position error exceeds
the threshold, which results in bit 5 of the status byte being
set to logic high. If it is desired to also stop (turn off) the
motor upon detecting excessive position error, see com-
mand LPES, below. The first byte of threshold data written
with command LPE! is the more significant. The user can
have the LM628 interrupt the host to signify that an exces-
sive position error has occurred. See the descriptions for
commands MSK! and RSTI.

1
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Interrupt Control Commands (continued)
LPES COMMAND: Load Position Error for Stopping

Command Code: 1A Hex
Data Bytes: Two
Data Range: 0000 to 7FFF Hex

Executable During Motion: Yes

Instrucaon LPES is essentially the same as command LPE!
above. but adds the feature of turning off the motor upon
detecting excessive position error. The motor drive is not
actually switched off, it is set 1o half-scale, the offset-binary
code for zero. As with command LPE!, bit 5 of the status
byte is also set to logic high. The first byte of threshold data
written with command LPES is the more significant. The
user can have the LM628 interrupt the host to signify that an
excessive position error has occurred. See the descriptions
for commands MSK! and RSTI.

SBPA COMMAND:
Command Code: 20 Hex
Data Bytes: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command enables the user to set a breakpoint in terms
of absolute position. Bit 6 of the status byte is set to logic
high when the breakpoint position is reached. This condition
is usefut for signaling trajectory and/or filter parameter up-
dates. The user can also arrange to have the LM628 inter-
rupt the host to signify that a breakpoint position has been
reached. See the descriptions for commands MSKI and
RSTI.

SBPR {"OMMAND:

Command Code: 21 Hex
Data Bytes: Four
Data Range: See Text

Executable During Motion: Yes

This command enables the user to set a breakpoint in terms
of relative position. As with command SBPA, bit 6 of the
status bylte is set to logic high when the breakpoint position
(relative to the current commanded target position) is
reached. The relative breakpoint input value must be such
that when this value is added to the target position the result
remains within the absolute position range of the system
(C0000000 to 3FFFFFFF hex). This condition is useful for
signaling trajectory and/or filter parameter updates. The
user can also arrange to have the LM628 interrupt the host
to signify that a breakpoint position has been reached. See
the descriptions for commands MSKI and RSTI.

MSKI COMMAND: MaSK Interrupts

Command Code: 1C Hex
Data Bytes: Two
Oata Range: See Text

Executable During Motion: Yes
The MSKI command lets the user determine which potential
interrupt condition(s) will interrupt the host. Bits 1 through 6
of the « “atus byte are indicators of the six conditions which
are candidates for host interrupt(s). When interrupted, the
host then reads the status byte to learn which condition(s)
occurred. Note that the MSKI command is immediately fol-
lowed by two data bytes. Bits 1 through 6 of the second
(less significant) byte written determine the masked/un-
masked status of each potential interrupt. Any zero(s) in this

6-bit field will mask the corresponding interrupt(s); any
one(s) enable the interrupt(s). Other bits comprising the two
bytes have no effect. The mask controls only the host inter-
rupt process; reading the status byte will still reflect the ac-
tual conditions independent of the mask byte. See Table !l

TABLE I1l. Mask and Reset Bit Allocations for Interrupts

Bit Position Function
Bits 15thru 7 Not Used
Bit6 Breakpoint Interrupt
Bit5 Position-Error interrupt
Bit 4 Wrap-Around Interrupt
Bit3 Index-Pulse Interrupt
Bit2 Trajectory-Complete Interrupt
Bit 1 Command-Error interrupt
Bit0 Not Used
RSTI COMMAND: ReSeT Interrupts

Command Code: 1D Hex

Data Bytes: Two

Data Range: See Text

Executable During Motion: Yes

When one of the potential interrupt conditions of Table il
occurs, command RSTI is used to reset the corresponding
interrupt flag bit in the status byte. The host may reset one
or all flag bits. Resetting them one at a time allows the host
to service them one at a time according to a priority pro-
grammed by the user. As in the MSKI command, bits 1
through 6 of the second (less significant) byte correspond to
the potential interrupt conditions shown in Table Ill. Also
see description of RDSTAT command. Any zero(s) in this
6-bit field reset the corresponding interrupt(s). The remain-
ing bits have no effect.

Filter Control Commands

The following two LM628 user commands are used for set-
ting the derivative-term sampling interval, for adjusting the
filter parameters as required to tune the system, and to con-
trol the timing of these system changes.

LFIL COMMAND: Load FiLter Parameters

Command Code: 1E Hex
Data Bytes: Two to Ten
Data Ranges . ..

Filter Control Word: See Text

Filter Coefficients: 0000 to 7FFF Hex (Pos Only)
Integration Limit: 0000 to 7FFF Hex (Pos Only)
Executable During Motion: Yes
The filter parameters (coefficients) which are written to the
LM628 to control loop compensation are: kp, ki, kd, and il
(integration limit). The integration limit (il) constrains the
contribution of the integration term
n

ki* E e(n)
N=0
(see Eq. 1) to values equal to or less than a user-defined
maximum value; this capability minimizes integral or reset

“wind-up" (an overshooting effect of the integral action).
The positive-only input value is compared to the absolute
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Filter Control Commands (continued)
magnitude of the integration term; when the magnitude of
integration term value exceeds il, the il value (with appropri-
ate sign) is substituted for the integration term value.

The derivative-term sampling interval is also programmable
via this command. After writing the command code, the first
two data byltes that are written specify the derivative-term
sampling interval and which of the four filter parameters
is/are to be written via any forthcoming data bytes. The first
byte written is the more significant. Thus the two data bytes
constitute a filter control word that informs the LM628 as to
the nature and number of any following data bytes. See
Table IV.

TABLE IV. Filter Control word Bit Allocation

Bit Position Function
Bit 15 Derivative Sampling Interval Bit 7
Bit 14 Derivative Sampling Interval Bit 6
Bit 13 Derivative Sampling Interval Bit 5
Bit12 Derivative Sampling Interval Bit 4
Bit 11 Derivative Sampling interval Bit 3
Bit 10 Derivative Sampling Interval Bit 2
Bit 9 Derivative Sampling Interval Bit 1
Bit 8 Derivative Sampling Interval Bit 0
Bit 7 Not Used
Bit 6 Not Used
Bit 5 Not Used
Bit 4 Not Used
Bit 3 Loading kp Data
Bit 2 Loading ki Data
Bit 1 Loading kd Data
Bit 0 Loading il Data

Bits 8 through 15 select the derivative-term sampling inter-
val. See Table V. The user must locally save and restore
these bits during successive writes of the filter control word.

Bits 4 through 7 of the filter control word are not used.

Bits 0 to 3 inform the LM628 as to whether any or all of the
filter parameters are about to be written. The user may
choose to update any or all (or none) of the fiter parame-
ters. Those chosen for updating are so indicated by logic
one(s) in the corresponding bit position(s) of the filter con-
trol word.

The data bytes specified by and immediately following the
filter control word are written in pairs to comprise 16-bit
words. The order of sending the data words to the LM628
corresponds 1o the descending order shown in the above
description of the filter control word; i.e., beginning with kp,
then ki, kd and il. The first byte of each word is the more-sig-
nificant byte. Prior to writing a word (byte pair) it is neces-
sary to check the busy bit in the status byte for readiness.
The required data is written to the primary buffers of a dou-
ble-buffered scheme by the above described operations; it
is not transferred to the secondary (working) registers until
the UDF command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahead of
their actual use. This simple pipeline effect can relieve po-
tential host computer data communications bottlenecks,
and facilitates easier synchronization of multiple-axis con-
trols.

UDF COMMAND: UpDate Filter

Command Code: 04 Hex

Data Bytes: None

Executable During Motion: Yes
The UDF command is used to update the filter parameters,
the specifics of which have been programmed via the LFIL
command. Any or all parameters (derivative-term sampling
interval, kp, ki, kd, and/or il) may be changed by the appro-
priate command(s), but command UDF must be executed to
affect the change in filter tuning. Filter updating is synchro-
nized with the calculations to efiminate erratic or spurious
behavior.

Trajectory Control Commands
The following two LM628 user commands are used for
setting the trajectory control parameters (position, velocity,
acceleration), mode of operation (position or velocity), and
direction (velocity mode only) as required to describe a de-
sired motion or to select the mode of a manually directed
stop, and to contro! the timing of these system changes.
LTRJ COMMAND: Load TRaJectory Parameters

Command Code: 1F Hex

Data Bytes: Two to Fourteen

Data Ranges. ..

Trajectory Control Word: See Text

Position: C0000000 to 3FFFFFFF Hex

Velocity: 00000000 to 3FFFFFFF Hex
(Pos Only)

Acceleration: 00000000 to 3FFFFFFF Hex
(Pos Only)

Executable During Motion: Conditionally, See Text

TABLE V. Derivative-Term Sampling Interval Selection Codes

Bit Position Selected Derivative
15 14 13 12 11 10 9 8 Sampling Interval
0 0 o] 0 0 0 0 0 256 us
0 0 0 0 0 0 0 1 512 us
0 0 0 0 0 0 1 0 768 us
0 0 0 0 0 0 1 1 1024 pus, etc...
thru 1 1 1 1 1 1 1 1 65,536 pus

Note: Sampting intervals shown are when using an 8.0 MHz clock. The 256 corresponds to 204878 MHz; sample intervals must be scaled for other clock

frequencies.
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Trajectory Control Commands (continued)

The trajectory control parameters which are written to the
LM628 to contro! motion are: acceleration, velocity, and po-
sition. In addition, indications as to whether these three pa-
rameters are to be considered as absolute or relative inputs,
selection of velocity mode and direction, and manual stop-
ping mode selection and execution are programmable via
this command. After writing the command code, the first two
data bytes that are written specity which parameter(s) is/are
being changed. The first byle wiitten is the more significant.
Thus the two data bytes constitute a trajectory control word
that informs the LM628 as to the nature and number of any
following data bytes. See Table VI.

TABLE VL. Trajectory Control Word Bit Allocation

Bit Position Function
Bit 15 Not Used
Bit 14 Not Used
B-13 Not Used
Bit 12 Forward Direction (Velocity Mode Only)
Bit 11 Velocity Mode
Bit 10 Stop Smoothly {Decelerate as Programmed)
Bit 9 Stop Abruptly (Maximum Deceleration)
Bit 8 Tum Off Motor (Output Zero Drive)
Bit 7 Not Used
Bit 6 Not Used
Bit 5 Acceleration Wil Be Loaded
Bit 4 Acceleration Data Is Relative
Bit 3 Velocity Will Be Loaded
Bit 2 Velocity Data Is Relative
Bit 1 Position Will Be Loaded
Bit 0 Position Data Is Relative

Bit 12 determines the motor direction when in the velocity
mode. A logic one indicates forward direction. This bit has
no effect when in position mode.

Bit 11 determines whether the LM628 operates in velocity
mode (Bit 11 logic one) or position mode (Bit 11 logic zero).
Bits 8 through 10 are used to select the method of manually
stopping the motor. These bits are not provided for one to
merely specify the desired mode of stopping, in position
mode :“perations, normal stopping is always smooth and
occurs automatically at the end of the specified trajectory.
Unaer exceptional circumstances it may be desired to man-
ually intervene with the trajectory generation process to af-
fect a premature stop. In velocity mode operations, howev-
er, the normal means of stopping /s via bits 8 through 10
(usually bit 10). Bit 8 is set to logic one to stop the motor by
turning off motor drive output (outputting the appropriate off-
set-binary code to apply zero drive to the motor); bit 9 is set
to one to stop the motor abruptly (at maximum available
acceleration, by setting the target position equal to the cur-
rent position); and bit 10 is set to one to stop the motor
smoothly by using the current user-programmed accelera-
tion value. Bits 8 through 10 are to be used exclusively; only
one bit should be a logic one at any time.

Bits O through 5 inform the LM628 as to whether any or all
of the trajectory controlling parameters are about to be writ-
ten, and whether the data should be interpreted as absolute
or relative. The user may choose to update any or all (or

none) of the trajectory parameters. Those chosen for updat-
ing are so indicated by logic one(s) in the corresponding bit
position(s). Any parameter may be changed while the motor
is in motion; however, if acceleration is changed then the
next STT command must not be issued until the LM628 has
completed the current move or has been manually stopped.
The data bytes specified by and immediately following the
trajectory control word are written in pairs which comprise
16-bit words. Each data item {parameter) requires two 16-bit
words; the word and byte order is most-to-teast significant.
The order of sending the parameters to the LM628 corre-
sponds to the descending order shown in the above de-
scription of the trajectory contro! word; i.e., beginning with
acceleration, then velocity, and finally position.
Acceleration and velocity are 32 bits, positive only, but
range only from 0 (00000000 hex) to [230] —1 (3FFFFFFF
hex). The bottom 16 bits of both acceleration and velocity
are scaled as fractional data; therefore, the least-significant
integer data bit for these parameters is bit 16 (where the bits
are numbered O through 31). To determine the coding for a
given velocity, for example, one multiplies the desired veloc-
ity (in counts per sample interval) times 65,536 and converts
the result to binary. The units of acceleration are counts per
sample per sample. The value loaded for acceleration must
not exceed the value loaded for velocity. Position is a
signed, 32-bit integer, but ranges only from —[230]
(C0000000 hex) to [230]—1 (3FFFFFFF Hex).

The required data is written to the primary buffers of a dou-
ble-buffered scheme by the above described operations; it
is not transferred to the secondary (working) registers until
the STT command is executed. This fact can be used ad-
vantageously; the user can input numerous data ahead of
their actual use. This simple pipeline effect can relieve po-
tential host computer data communications bottlenecks,
and facilitates easier synchronization of multiple-axis con-
trols.

STT COMMAND: STarT Motion Control

Command Code: 01 Hex

Data Bytes: None

Executable During Motion: Yes, if acceleration has not
been changed

The STT command is used to execute the desired trajecto-
ry, the specifics of which have been programmed via the
LTRJ command. Synchronization of multi-axis control (to
within one sample interval) can be arranged by loading the
required trajectory parameters for each (and every) axis and
then simuitaneously issuing a single STT command to all
axes. This command may be executed at any time, unless
the acceleration value has been changed and a trajectory
has not been completed or the motor has not been manual-
ly stopped. If STT is issued during motion and acceleration
has been changed, a command error interrupt will be gener-
ated and the command will be ignored.

Data Reporting Commands

The following seven LM628 user commands are used to
obtain data from various registers in the LM628. Status, po-
sition, and velocity information are reported. With the excep-
tion of RDSTAT, the data is read from the LM628 data port
after first writing the corresponding command to the com-
mand port.

14
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Data Reporting Commands (continued)
RDSTAT COMMAND: ReaD STATus Byte

Command Code: None
Byte Read: One
Data Range: See Text

Executable During Motion: Yes
The RDSTAT command is really not a command, but is fist-
ed with the other commands because it is used very fre-
quently 10 control commupnications with the host computer.
There is no identification code; it is directly supported by the

* hardware and may be executed at any time. The single-byte

status read is selected by placing CS, PS and RD at logic
zero. See Table Vil

TABLE VII. Status Byte Bit Allocation

Bit Position Function
Bit7 Motor Off
Bit6 Breakpoint Reached [Interrupt]
Bit5 Excessive Position Error [Interrupt]
Bit4 Wraparound Occurred {Interrupt]
Bit3 Index Pulse Observed [Interrupt]
Bit2 Trajectory Complete [Interrupt]
Bit1 Command Error [Interrupt]
Bit0 Busy Bit

Bit 7, the motor-off flag, is set to logic one when the motor
drive output is off (at the half-scale, offset-binary code for
zero). The motor is turned off by any of the following condi-
tions: power-up reset, command RESET, excessive position
error (if command LPES had been executed), or when com-
mand LTRJ is used to manually stop the motor via turning
the motor off. Note that when bit 7 is set in conjunction with
command LTRJ for producing a manual, motor-off stop, the
actual setting of bit 7 does not occur until command STT is
issued to affect the stop. Bit 7 is cleared by command STT,
except as described in the previous sentence.

Bit 6, the breakpoint-reached interrupt flag, is set to logic
one when the position breakpoint loaded via command
SBPA or SBPR has been exceeded. The flag is functional
independent of the host interrupt mask status. Bit 6 is
cleared via command RSTIL

Bit 5, the excessive-position-error interrupt flag, is set to
logic one when a position-error interrupt condition exists.
This occurs when the error threshold loaded via command
LPEI or LPES has been exceeded. The flag is functiona!
independent of the host interrupt mask status. Bit 5 is
cleared via command RSTL

Bit 4, the wraparound interrupt flag, is set to logic one when
a numerical “wraparound” has occurred. To “wraparound”
means to exceed the position address space of the LM628,
which could occur during velocity mode operation. If a wrap-
around has occurred, then position information will be in
error and this interrupt helps the user 1o ensure position
data integrity. The flag is functional independent of the host
interrupt mask status. Bit 4 is cleared via command RSTI.
Bit 3, the index-pulse acquired interrupt flag, is set to logic
one when an index pulse has occurred (if command SIP had
been executed) and indicates that the index position regis-
ter has been updated. The flag is functional independent of
the host interrupt mask status. Bit 3 is cleared by command
RSTL

Bit 2, the trajectory complete interrupt flag, is set to logic
one when the trajectory programmed by the LTRJ com-
mand and initiated by the STT command has been complet-
ed. Because of overshoot or a limiting condition {such as
commanding the velocity to be higher than the motor can
achieve), the motor may not yet be at the final commanded
position. This bit is the logical OR of bits 7 and 10 of the
Signals Register, see command RDSIGS below. The flag
functions independently of the host interrupt mask status.
Bit 2 is cleared via command RSTI.

Bit 1, the command-error interrupt flag, is set to logic one
when the user attempts to read data when a write was ap-
propriate {or vice versa). The flag is functional independent
of the host interrupt mask status. Bit 1 is cleared via com-
mand RSTI.

Bit 0, the busy flag, is frequently tested by the user {via the
host computer program) to determine the busy/ready status
prior to writing and reading any data. Such writes and reads
may be executed only when bit 0 is logic zero (not busy).
Any command or data writes when the busy bit is high will
be ignored. Any data reads when the busy bit is high will
read the current contents of the 170 port buffers, not the
data expected by the host. Such reads or writes (with the
busy bit high) will not generate a command-error interrupt.

RDSIGS COMMAND: ReaD SIGnalS Register

Command Code: 0C Hex
Bytes Read: Two
Data Range: See Text

Executable During Motion: Yes
The LM628 internal “signals” register may be read using
this command. The first byte read is the more significant.
The less significant byte of this register (with the exception
of bit 0) duplicates the status byte. See Table VIIl.

TABLE VIII. Signals Register Bit Allocation

Bit Position Function
Bit 15 Host Interrupt
Bit 14 Acceleration Loaded (But Not Updated)
Bit 13 UDF Executed (But Filter Not yet Updated)
Bit 12 Forward Direction
Bit 11 Velocity Mode
Bit 10 On Target
Bit 9 Turn Off upon Excessive Position Error
Bit 8 Eight-Bit Output Mode
Bit 7 Motor Off
Bit 6 Breakpoint Reached [Interrupt]
Bit 5 Excessive Position Error [Interrupt]
Bit 4 Wraparound Occurred [interrupt]
Bit 3 Index Pulse Acquired {interrupt]
Bit 2 Trajectory Complete {interrupt]
Bit 1 Command Error [Interrupt]
Bit O Acquire Next Index (SIP Executed)

Bit 15, the host interrupt flag, is set to logic one when the
host interrupt output (Pin 17) is logic one. Pin 17 is set to
logic one when any of the six host interrupt conditions occur
(if the corresponding interrupt has not been masked). Bit 15
{and Pin 17} are cleared via command RSTI.

Bit 14, the acceleration-loaded flag, is set to logic one when
acceleration data is written to the LM628. Bit 14 is cleared
by the STT command.




Data Reporting Commands (Continued)

Bit 13, the UDF-executed flag, is set to logic one when the
UDF command is executed. Because bit 13 is cleared at the
end of the sampling interval in which it has been set, this
signal is very short-lived and probably not very profitable for
monitoring.

Bit 12, the forward direction flag, is meaningful only when
the 1LM628 is in velocity mode. The bit is set to logic one to
indicate that the desired direction of motion is “forward™;
zero indicates “reverse’’ direction. Bit 12 is set and cleared
via command LTRJ. The actual setting and clearing of bit 12
does not occur untit command STT is executed.

Bit 11, the velocity mode flag, is set to logic one to indicate
that the user has selected (via command LTRJ) velocity
mode. Bit 11 is cleared when position mode is selected (via
command L.TRJ). The actual setting and clearing of bit 11
does not occur until command STT is executed.

Bit 10, the on-target flag, is set to logic one when the trajec-
tory generator has completed its functions for the last-is-
sued STT command. Bit 10 is cleared by the next STT com-
mand.

Bit 9, the turn-off on-error flag, is set to logic one when
command LPES is executed. Bit 9 is cleared by command
LPEI

Bit 8, the 8-bit output flag, is set to logic one when the
LM628 is reset, or when command PORTS8 is executed. Bit
8 is cleared by command PORT12.

Bits 0 through 7 replicate the status byte (see Table Vi),
with the exception of bit 0. Bit 0, the acquire next index flag,
is set 12 logic one when command SIP is executed: it then
remain= set until the next index pulse occurs.

RDIP COMMAND: ReaD Index Position

Command Code: 09 Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command reads the position recorded in the index reg-
ister. Reading the index register can be part of a system
error checking scheme. Whenever the SIP command is exe-
cuted, the new index position minus the old index position,
divided by the incremental encoder resolution (encoder
lines times four), should always be an integral number. The
RDIP command facilitates acquiring these data for host-
based calculations. The command can also be used to iden-
tify/verify home or some other special position. The bytes
are read in most-to-least significant order.

RDDP COMMAND: ReaD Desired Position

Command Code: 08 Hex
Byltes Read: Four
Data Range: €0000000 to 3FFFFFFF Hex

Executable During Motion: Yes
This command reads the instantaneous desired (current
temporal) position output of the profile generator. This is the
“setpoint” input to the position-loop summing junction. The
bytes ¢ ‘e read in most-to-least significant order.

RDRP COMMAND: ReaD Real Position

Command Code: OA Hex
Bytes Read: Four
Data Range: C0000000 to 3FFFFFFF Hex

Executable During Motion: Yes

This command reads the current actual position of the mo-
tor. This is the feedback input to the loop summing junction.
The bytes are read in most-to-least significant order.

RDDV COMMAND: ReaD Desired Velocity

Command Code: 07 Hex
Bytes Read: Four
Data Range: C0000001 to 3FFFFFFF

Executable During Motion: Yes

This command reads the integer and fractional portions of
the instantaneous desired (current temporal) velocity, as
used to generate the desired position profile. The bytes are
read in most-to-feast significant order. The value read is
properly scaled for numerical comparison with the user-sup-
plied (commanded) velocity; however, because the two
least-significant bytes represent fractional velocity, only the
two most-significant bytes are appropriate for comparison
with the data obtained via command RDRV (see below).
Also note that, although the velocity input data is con-
strained to positive numbers (see command LTRJ), the data
returned by command RDDV represents a signed quantity
where negative numbers represent operation in the reverse
direction.

RDRV COMMAND: ReaD Real Velocity

Command Code: 0B Hex
Bytes Read: Two
Data Range: CO000 to 3FFF Hex, See Text

Executable During Motion: Yes

This command reads the integer portion of the instanta-
neous actual velocity of the motor. The internally maintained
fractional portion of velocity is not reported because the
reported data is derived by reading the incremental encod-
er, which produces only integer data. For comparison with
the result obtained by executing command RDDV (or the
user-supplied input value), the value returned by command
RDRV must be multiplied by 216 (shifted left 16 bit posi-
tions). Also, as with command RDDV above, data returned
by command RDRV is a signed quantity, with negative val-
ues representing reverse-direction motion.

RDSUM COMMAND: ReaD Integration-Term SUMmation

Value
Command Code: 0D Hex
Bytes Read: Two
Data Range: 00000 Hex to * the Current

Value of the Integration Limit
Executable During Motion: Yes
This command reads the value to which the integration term
has accumulated. The ability to read this value may be help-
ful in initially or adaptively tuning the system.

Typical Applications

Programming LM628 Host Handshaking {Interrupts)

A few words regarding the LM628 host handshaking will be
helpful to the system programmer. As indicated in various
portions of the above text, the LM628 handshakes with the
host computer in two ways: via the host interrupt output (Pin
17), or via polling the status byte for “interrupt” conditions.
When the hardwired interrupt is used, the status byte is also
read and parsed to determine which of six possible condi-
tions caused the interrupt.
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Typical Applications (continued)

When using the hardwired interrupt it is very important that
the host interrupt service routine does not interfere with a
command sequence which might have been in progress
when the interrupt occurred. If the host interrupt service rou-
tine were to issue a command to the LM628 while it is in the
middie of an ongoing command sequence, the ongoing
command will be aborted (which could be detrimental to the
application).

Two approaches exist for avoiding this problem. If one is
using hardwired interrupts, they should be disabled at the
host prior to issuing any LM628 command sequence, and
re-enabled after each command sequence. The second ap-
proach is to avoid hardwired interrupts and poll the LM628
status byte for “interrupt” status. The status byte always
reflects the interrupt-condition status, independent of
whether or not the interrupts have been masked.

Typical Host Computer/Processor Interface

The LM628 is interfaced with the host computer/processor
via an 8-bit parallel bus. Figure 12 shows such an interface
and a minimum system configuration.

As shown in Figure 12, the LM628 interfaces with the host
data, address and control fines. The address lines are de-
coded to generate the LM628 CS input; the host address
LSB directly drives the LM628 PS input. Figure 12 also
shows an 8-bit DAC and an LM12 Power Op Amp interfaced
to the LM628.

LM628 and High Performance Controller (HPC)
Interface

Figure 13 shows the LM628 interfaced to a National HPC
High Performance Controller. The delay and logic associat-
ed with the WR fine is used to effectively increase the write-
data hold time of the HPC (as seen at the LM628) by caus-
ing the WR pulse to rise early. Note that the HPC CK2 out-
put provides the clock for the LM628. The 74L.S245 is used
to decrease the read-data hold time, which is necessary
when interfacing to fast host busses.

Interfacing a 12-Bit DAC

Figure 14 illustrates use of a 12-bit DAC with the LM628.
The 74LS378 hex gated-D flip-flop and an inverter demulti-
plex the 12-bit output. DAC offset must be adjusted to mini-
mize DAC linearity and monotonicity errors. Two methods
exist for making this adjustment. If the DAC1210 has been
socketed, remove it and temporarily connect a 15 kS resis-
tor between Pins 11 and 13 of the DAC socket (Pins 2 and 6
of the LF356) and adjust the 25 k2 potentiometer for OV at
Pin 6 of the LF356.

If the DAG is not removable, the second method of adjust-
ment requires that the DAC1210 inputs be presented an all-
zeros code. This can be arranged by commanding the ap-
propriate move via the LM628, but with no feedback from
the system encoder. When the all-zeros code is present,
adjust the pot for OV at Pin 6 of the LF356.

A Monolithic Linear Drive Using LM12 Power Op Amp
Figure 15 shows a motor-drive amplifier built using the LM12
Power Operational Amplifier. This circuit is very simple and
can deliver up to 8A at 30V (using the LM12L/LM12CL).
Resistors A1 and R2 should be chosen to set the gain to
provide maximum output voltage consistent with maximum
input voltage. This example provides a gain of 2.2, which
allows for amplifier output saturation at +22V with a +10V
input, assuming power supply voltages of £30V. The ampli-
fier gain should not be higher than necessary because the
system is non-linear when saturated, and because gain
should be controlled by the LM628. The LM12 can also be
configured as a current driver, see 1987 Linear Databook,
vol. 1, p. 2-280.

Typical PWM Motor Drive Interfaces

Figure 16 shows an LM18298 dual full-bridge driver inter-
faced to the LM629 PWM outputs to provide a switch-mode
power amplifier for driving small brush/commutator motors.
Figure 17 shows an LM621 brushless motor commutator
interfaced to the LM629 PWM outputs and a discrete device
switch-mode power amplifier for driving brushless DC mo-
tors.

Incremental Encoder Interface

The incremental (position feedback) encoder interface con-
sists of three lines: Phase A (Pin 2), Phase B (Pin 3), and
Index (Pin 1). The index pulse output is not available on
some encoders. The LM628 will work with both encoder
types, but commands SIP and RDIP will not be meaningful
without an index pulse (or alternative input for this input . . .
be sure to tie Pin 1 high if not used).

Some consideration is merited relative to use in high Gauss-
ian-noise environments. If noise is added to the encoder
inputs (either or both inputs) and is such that it is not sus-
tained until the next encoder transition, the LM628 decoder
logic will reject it. Noise that mimics quadrature counts or
persists through encoder transitions must be eliminated by
appropriate EM! design.

Simple digital “filtering” schemes merely reduce susceptibil-
ity to noise (there will always be noise pulses longer than
the filter can eliminate). Further, any noise filtering scheme
reduces decoder bandwidth. In the LM628 it was decided
(since simple filtering does not eliminate the noise problem)
to not include a noise filter in favor of offering maximum
possible decoder bandwidth. Attempting to drive encoder
signals too long a distance with simple TTL lines can also
be a source of “noise” in the form of signal degradation
(poor risetime and/or ringing). This can also cause a system
to lose positional integrity. Probably the most effective
countermeasure to noise induction can be had by using bal-
anced-line drivers and receivers on the encoder inputs. Fig-
ure 18 shows circuitry using the DS26LS31 and DS26LS32.
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Typical Applications (continued)
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Typical Applications (continued)
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Typical Applications (continued)

100 uF
I MR752

TL/H/9219-17
FIGURE 15. Driving a Motor with the LM12 Power Op Amp

MOTOR

SUPPLY
VOLTAGE BA 58 %

+5V

SS

ouT1

i

£

V.
(PIN 18) SIGN mwe | 26N 2
FROM 5
LM629 IN3 10 13 ouT3
(PIN 19) MAG — LM18298 ouT2
IN2 7 3
) e |2 14
1 8 5 Jous

I GND 4chmni

SENSE SENSE
A B

FIGURE 16. PWM Drive for Brush/Commutator Motors

1t

TL/H/9219-18




raveis T TG A BT e o oY

el vy

=

Typical Applications (continued)
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FIGURE 17. PWM Drive for Brushless Motors
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FIGURE 18. Typical Balanced-Line Encoder Input Circuit
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24-Lead Small Outline Package (M)
Order Number LM629M-6 or LM629M-8
NS Package Number M24B
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LM628/LM629 Precision Motion Controller

Physical Dimensions inches (millimeters) (Gontinued)
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28 Lead Molded Dual-In-Line Package (N)
Order Number LM628N-6, LM628N-8, LM629N-6 or LM629N-8
NS Package Number N28B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
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HS-82C55ARHA

Semiconductor
! - -
| Radiation Hardened
ESeptembe, 1995 CMOS Programmable Peripheral Interface
Features Pinout

¢ Radiation Hardened

* Low Power Consumption
- IDDSB = 20pA

* 24 Programmabie /O Pins

» Single 5V Supply

Description

- Total Dose >10° RAD (SI)
- Transient Upset <10% RAD (Si)/s
- Latch Up Free EPI-CMOS

* 2.0mA Drive Capability on All /O Port Outputs
= Military Temperature Range: -55°C to +125°C

The high performance,

¢ Pin Compatible with NMOS 8255A and the Harris 82C55A
* High Speed, No “Wait State” Operation with 5SMHz HS-80C86RH

* Bus-t old Circuitry on All VO Ports Eliminates Pull-Up Resistors
= Direct Bit Set/Reset Capability

* Enhanced Control Word Read Capability
* Hardened Field, Self-Aligned, Junction Isolated CMOS Process

The Harris HS-82C55ARH is a high performance, radiation hardened
CMOS version of the industry standard 8255A and is manufactured using a
hardened field, self-aligned silicongate CMOS process. It is a general
purpose programmable I/O device which may be used with many different
microprocessors. There are 24 |/O pins which are organized into two 8-bit
and two 4-bit ports. Each port may be programmed to function as either an
input or 1n output. Additionally, one of the 8-bit ports may be programmed
for bi-directional operation,and the two 4-bit ports can be programmed to
provide handshaking capabilities.
hardness, and industry standard configuration of the HS-82C55ARH make
it compatible with the HS-80C86RH radiation hardened microprocessor.

Static CMOS circuit design insures low operating power. Bus hold circuitry
eliminates the need for pull-up resistors. The Harris hardened field CMOS
process results in performance equal to or greater than existing radiation
resistant products at a fraction of the power.

40 LEAD CERAMIC DUAL-IN-LINE
METAL SEAL PACKAGE (SBDIP)
MIL-STD-1835 CDIP2-T40

radiation

bt alhaiaad

Ordering Information
E PART NUMBER TEMPERATURE PACKAGE
.| HS1-82C55ARH-Q -55°C to +125°C 40 Lead SBDIP
H51-82C55ARH-8 -559C to +125°C 40 Lead SBDIP
s HS1-82C55ARH/Sample +25°C 40 Lead SBDIP

TOP VIEW

PA3 [T] hd [40] Pa4
PA2 [2] 39] Pas
PAt (3] 38] PAG
PA0 [4] 37) A7
RO (5] [36) WR
cs [6] 35| RESET
GND [7] [34) Do
A1 [8] 3] D1
A0 [3] 32] D2
pc7 [ig] 37] D3
pce [11] [30] D4
pcs [12 23] 05
rc4 (13 28] D6
pco [id] 7] b7
PC1 [15 26] voo
pcz (1§ [25] PB7
PC3 24] PB6
PBO 23] PBS
PB1 (79 2] PB4
rB2 [20] 21] PB3

Pin Description

PIN DESCRIPTION

D7 - DO Data Bus (Bi-Directiona!

RESET Reset Input

Ccs Chip Select

RD Read input

WR Write Input

AQ - A1 Port Address

PA7 - PAOD Port A (Bit)

PB& - PBO Port B (Bit)

PC7 - PCO Pori C (Bit)

vDD +5 volts

GND 0 volts

3
('ZA,UTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.

Copyright © Harris Corporation 1995
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HS-82C55ARH

Pin Description

PIN

SYMBOL NUMBERS TYPE DESCRIPTION

PAQ-7 1-4, 37-40 110 Port A: General purpose /O Port. Data direction and mode is determined by the contents
of the Control Word. .

PBO-7 18-25 /0 Port B: General purpose /O port. See Port A,

PCO-3 14-17 110 Port C (Lower): Combination YO port and control port associated with Port B. See Port A.

PC4-7 10-13 I{0] Port C (Upper): Combination /O Port and control port associated with Port A. See Port A.

DO-7 27-34 e} Bidirectional Data Bus: Three-State data bus enabled as an input when CS and WR are
low and as an output when CS and RD are low.

- VDD 26 | VDD: The +5V power supply pin. A 0.1F capacitor between pins 26 and 7 is recommend-
ed for decoupling.

GND 7 | Ground.

cs 6 i Chip Select: A “low” on this input pin enables the communication between the
HS-82C55ARH and the CPU.

RD 5 | Read: A “low” on this input pin enables the HS-82C55ARH to send the data or status
information to the CPU on the data bus. In essence, it allows the CPU to “read from” the
HS-82C55ARH.

WR 36 1 Write: A “low” on this input pin enables the CPU to write data or control words into the
HS-82C55ARH.

AO and A1 8,9 ! Port Select 0 and Port Select 1: These input signals, in conjunction with the RD and WR
inputs, control the selection of one of the three ports or the control word registers. They are
normally connected to the Least Significant Bits of the address bus (A0 and A1).

Reset 35 i Reset: A “high” on this input clears the control register and all ports (A, B, C) are set fo the
input mode. “Bus hold” devices intemal 1o the HS-82C55ARH will hold the /O pont inputs
to a logic “1" state with a maximum hold current of 400pA.  °

Functional Diagram
~]
y
POWER —> +5V
SUPPLIES

GROUP A vo
PORTA" (> 127 ono

O
c -
gorre K~ > r-rcs

h.

> GND | arouP A
CONTROL

l

BIDIRECTIONAL

L4170

DATA BUS
DATA
D7- DO <:> BUS :>
BUFFER
- 8-BIT INTERNAL GROUP B vo
DATA BUS poRTC K r_l‘_‘:: > Po3- pco
LOWER (4)
RD ——d I
WR ——o READ/WRITE
At —}  CONTROL o St GROUP B
A0 . LOGIC PORT B <::"\> o
| 8) PB7 - PBO
RESET ~——,

.1 ] T
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Specifications HS-82C55ARH

Absolute Maximum Ratings

SupplyVoltage . . ..... .ot +7.0V
tnput, Output or /O Voltage . ............ VSS-0.3V to VDD+0.3V
Storage Temperature Range ................. -65°C 1o +150°C
Junction Temperature. . .. .. vo ettt iinienannien.n +175°C
Lead Temperature (Soldering 10s). ... ................ +300°C
ESD Classification . ....... ... .. ..ot Class 1

Reliability Information

Thermal Resistance 048
SBDIPPackage. .........covvvunnn.. 40°C/W
Maximum Package Power Dissipation at +125°C Ambient

SBDIPPackage. .. ... vt 1.25W
If device power exceeds package dissipation capability, provide heat
sinking or derate linearly at the following rate:

SBDIPPackage. .. .....coiiii i 25.0mW/C

94c
6°C/W

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
+4.5V to +5.5V

InputlowVoltage ... ............. ... ..., 0V to +0.8V

Operating, Voltage Range. ....................
Operating Temperature Range

................ -55°C to +125°C

Input High Volitage

VDD -1.5V to VDD

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
GROUP A
PARAMETER SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS
TTL Output High Voltage VOH1 VDD =4.5V, |0 = -2,5mA, 1,2,3 -55°C, +25°C, 3.0 - \'
. VIN =0V, 4.5V +125°C
CMOS Output High Volt- VOH2 VDD = 4.5V, 10 = -100pA, 1,2,3 -55°C, +25°C, VvDD- - \'
age VIN =0V, 4.5V +125°C 0.4
Output Low Voltage VOL VDD =4.5V, 10 = 2.5mA, 1,2,3 -55°C, +25°C, - 0.4 \'
VIN =0V, 4.5V +125°C
Input Leakage Current lIL or lIH VDD =5.5V, VIN=0V, 8.5V 1,2,3 -55°C, +25°C, -1.0 1.0 HA
+125°C
Output | 2akage Current 10ZL or VDD =5.5V, VIN = 0V, 5.5V 1,2,3 -55°C, +25°C, -10 10 pA
10ZH +125°C
Input Current Bus Hold IBHH VDD = 4.5V or 5.5V, 1,2,3 -55°C, +25°C, -800 | -60 pA
High VIN = 3.0V (See Note 1) +125°C
Ports A, B, C
Input Current Bus Hold IBHL VDD = 4.5V or 5.5V, 1,2,3 -55°C, +25°C, 60 800 PA
Low VIN = 1.0V (See Note 2) +125°C
Port A
Standby Power Supply IDDSB VDD =5.5V, 10 = OmA, 1,2,3 -55°C, +25°C, - 20 UA
Current VIN =GND or VDD +125°C
Darlington Drive Voltage VDAR VDD = 4.5V, |0 = -2.0mA, 1,2,3 -55°C, +25°C, 3.9 - \Y
VIN = GND or VDD +125°C
Functional Tests FT VDD = 4.5V and 5.5V, 7,8A, 8B -55°C, +25°C, - - -
VIN = GND or VDD, +125°C
f=1MHz
Noise lmmunity Functional FN VDD = 5.5V, VIN = GND or 7, 8A, 8B -55°C, +25°C, - - -
Test (Nce 4) VDD - 1.5V and +125°C
VDD = 4.5V, VIN = 0.8V or
vDD

NOTES:

1. IBHH should be measured after raising VIN and then lowering to 3.0V.

2. IBHL should be measured after lowering VIN to VSS and then raising to 0.8V.

3. Nointernal current limiting exists on the Port Outputs. A resistor must be added externally 1o limit the current.

4.4 or VIH (VDD = 5.5V) and VIL (VDD = 4.5V) each of the following groups is tested separately with all other inputs using VIH = 2.6V,
VIL = 0.4V: PA, PB, PC, Control Pins (Pins 5, 6, 8, 9, 35, 36).

g
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Specifications HS-82C55ARH

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS T, =-55°C to +125°C

LIMITS
sSuB-
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN | MAX | UNITS
READ
Addres:; Stable Before TAVRL VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C 0 - ns
RD
Address Stable After RD TRHAX VDD =4.5,55V g9, 10, 11 -55°C, +25°C, +125°C 0 - ns
RD Pulse Width TRLRH VDD = 4.5, 5.5V 9,10, 11 -559C, +25°C, +125°C 250 - ns
Data Valid From RD TRLDV VDD =4.5, 5.5V 9, 10, 11 -55°C, +25°C, +125°C - 200 ns
Data Float After RD TRHDX VDD =45, 5.5V 9, 10, 11 -55°C, +25°C, +125°C 10 - ns
Time Between RDs and/ | TRWHRWL | VDD = 4.5, 5.5V g9, 10, 11 -55°C, +25°C, +125°C 300 - ns
or WRs
WRITE
Address Stable Before TAVWL VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C 0 - ns
WR
Address Stable After WR TWHAX | vDD=45,5.5V, g, 10, 11 -55°C, +25°C, +125°C 20 - ns
Ports A and B
VDD =4.5,5.5V, g, 10, 11 -55°C, +25°C, +125°C 100 - ns
Port C
WR Pulse Width TWLWH | vDD =45,5.5v 9,10, 11 -55°C, +25°C, +125°C 100 - ns
Data Valid 1o WR High TDVWH VDD = 4.5, 5.5V 9,10, 11 -85°C, +25°C, +125°C 100 - ns
Data Valid After WR High TWHDX VDD =4.5,55V, 9,10, 11 -55°C, +25°C, +125°C 30 - ns
Ports Aand B
VDD =4.5,5.5V, 9,10, 11 -559C, +25°C, +125°C 100 -
Port C
OTHER TIMINGS
WR = 110 Output TWHPV | VDD =45,5.5V 9,10, 11 -55°C, +25°C, +125°C - 350 ns
Petipheral Data Before TPVARL VDD =4.5,5.5V 9,10, 11 -559C, +25°C, +125°C 0 - ns
RD
Periphe-al Data After RD TRHPX VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C 0 - ns
ACK Pulse Width TKLKH VDD = 4.5, 5.5V g, 10, 11 -55°C, +25°C, +125°C 200 - ns
STB Pulse Width TSLSH VDD =4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C 100 - ns
Peripheral Data Before TPVSH VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C 20 - ns
STB High
Peripheral Data After TSHPX VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C 50 - ns
STB High
ACK = 0 to Output TKLPV VDD =4.5, 55V g9, 10, 11 -55°C, +25°C, +125°C - 175 ns
ACK = 1 to output Float TKHPZ VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C 10 - ns
Spec Number 518060

973




Specifications HS-82C55ARH

TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS T, = -55°C to +125°C (Continued)

LIMITS
SUB-

PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN | MAX | UNITS
WR=1100BF =0 TWHOL | vDD=4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
ACK = 0to OBF = 1 TKLOH VDD =45, 55V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
STB=0to IBF =1 TSUH VDD =45, 5.5V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
RD=110IBF=0 TRHIL VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
RD=010INTR =1 TRLNL VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, +125°C - 200 ns
STB=11INTR=1 TSHNH VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
ACK=110INTR=1 TKHNH VDD =45,55V 9,10, 11 -55°C, +25°C, +125°C - 150 ns
WR=010INTR=0 TWLNL | vDD=45,5.5v 9,10, 11 -55°C, +25°C, +125°C - 200 ns
RESET Pulse Width TRSHRSL | VDD =4.5,5.5V 9,10, 11 -55°C, +25°C, +125°C 500 - ns

(Note 2)
NOTES:
1. AC's tested at worst case VDD, guaranteed over full operating range.
2. Period of initial RESET pulse after power-on must be at least 50ps. Subsequenct RESET pulses may be 500ns minimum.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS TEMPERATURE MIN MAX | UNITS

Input Capacitance CIN VDD = Open, f = 1MHz, All Ta=+25°C - 10 pF

measurements referenced to

device ground
/0 Capacitance Cl/o VDD = Open, f = 1MHz, All Ta=+25°C - 20 pF

measurements referenced to

device ground
Data Fi»at After RD TRHDX VDD = 4.5V and 5.5V -55°C < Tp < +125°C - 75 ns
ACK = 1 to Qutput Float TKHPZ VDD =4.5V and 5.5V -55°C < Tp < +125°C - 250 ns

NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are

characterized upon initial design release and upon design changes which would affect these characteristics

TALBE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7, 9)
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Specifications HS-82C55ARH

TABLE 5. BURN-IN DELTA PARAMETERS (+25°C)

PARAMETER SYMBOL DELTA LIMITS

Static Current {DDSB +10pA

Input Leakage Current lIL, 1iH +200nA

Output Leakage Current 10ZL, I0ZH $2pA

Low Level Output Voltage VOL 80mV

TTL Output High Voltage VOH1 +600mV

CMOS Output High Voltage VOH2 +150mvV

TABLE 6. APPLICABLE SUBGROUPS
GROUP A SUBGROUPS
CONFORMANCE MIL-STD-883 RECORDED RECORDED
GROUP METHOD TESTED FOR -Q FOR-Q TESTED FOR -8 FOR -8
Initial Test 100% 5004 1,7,9 1 (Note 2) 1,7,9
Interim Test 100% 5004 1,7,9. A 1, A (Note 2) 1,7,9
PDA 100% 5004 1,7,A - 1,7
Final Test 100% 5004 2, 3, 8A,88B, 10, 11 - 2,3, 8A, 88,10, 11
Group A (Note 1) Sample 5005 1,2,3,7,8A,88,9,10, 11 - 1,2,3,7,8A,88B,9,
10, 11
Subgroup B5 Sample 5005 1,2,3,7,8A,8B,9,10,11,A | 1,2, 3,A(Note2) N/A
Subgroup B6 Sample 5005 1,7.9 - N/A
Group (¢ Sample 5005 N/A N/A 1,2,3,7,8A,8B,9,
10, 11

Group D Sample 5005 1,7,9 - 1,7,9
Group E, Subgroup 2 Sample 5005 1,7,9 - 1,7,9

NOTES:

1. Alternate Group A testing in accordance with MIL-STD-883 method 5005 may be exercised.
2. Table 5 parameters only
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HS-82C55ARH

Harris Space Level Product Flow -Q
Wafer Lot Acceptance (All Lots) Method 5007
(Includes SEM)

GAMMA Radiation Verification (Each Wafer) Method 1019,
2 Samples/Wafer, 0 Rejects

100% Die Attach

100% Nondestructive Bond Pull, Method 2023

Sample - Wire Bond Pull Monitor, Method 2011

Sample - Die Shear Monitor, Method 2019 or 2027

100% Infemnal Visual Inspection, Method 2010, Condition A
CSl and/or GSI PreCap (Note 8)

100% Temperature Cycle, Method 1010, Condition C,

100% Interim Electrical Test 1 (T1)
100% Delta Calculation (TO-T1)
100% PDA 1, Method 5004 (Note 1)

100% Dynamic Burn-In, Condition D, 240 Hours, +125°C or
Equivalent, Method 1015

100% Interim Electrical Test 2(T2)

100% Delta Calculation (TO-T2)

100% PDA 2, Method 5004 (Note 1)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014

100% Radiographic (X-Ray), Method 2012 (Note 2)

10 Cycles | Method 2001. Cord 100% External Visual, Method 2009
100% Constant Acceleration, Metho 1, Condition per
Method 5004 Sample - Group A, Method 5005 (Note 3)

Sample - Group B, Method 5005 (Note 4)
Sample - Group D, Method 5005 (Notes 4 and 5)
100% Data Package Generation (Note 7)

CSl and/or GSI Final (Note 6)

100% PIND, Method 2020, Condition A
100% External Visual

100% Serialization

100% Initial Electrical Test (TO)

100% Static Burn-In 1, Condition A or B, 72 Hours Min,
+125°C Min, Method 1015

NOTES:
1. Failures from subgroup 1, 7 and deltas are used for calculating PDA. The maximum allowable PDA = 5% with no more than 3% of the
failures from subgroup 7.

2. Radiographic (X-Ray) inspection may be performed at any point after serialization as allowed by Method 5004.
3. Alterrrate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

4. Group B and D inspections are optional and will not be performed uniess required by the P.O. When required, the P.O. should include
separate line items for Group B Test, Group B Samples, Group D Test and Group D Samples.

5. Group D Generic Data, as defined by MiL-1-38535, is optional and will not be supplied unless required by the P.O. When required, the
P.O. should include a separate line item for Group D Generic Data. Generic data is not guaranteed to be available and is therefore not
available in all cases.

6. CS! and/or GS! inspections are optional and will not be performed unless required by theP.O. When required, the P.O. should include
separate line items for CS! PreCap inspection, CSl final inspection, GS! PreCap inspection, and/or GSlI final inspection.

7. Data Package Contents:
« Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantity).
 Wafer Lot Acceptance Report (Method 5007). Includes reproductions of SEM photos with percent of step coverage.

+ GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used, Specification Numbers, Test
equipment, etc. Radiation Read and Record data on file at Harris.

» X-Ray report and film. Includes penetrometer measurements.

« Screening, Electrical, and Group A attributes (Screening attributes begin after package seal).

« Lot Serial Number Sheet (Good units serial number and lot number).

« Variables Data (All Delta operations). Data is identified by serial number. Data header includes lot number and date of test.
» Greup Band D attributes and/or Generic data is included when required by the P.O.

« The Certificate of Conformance is a part of the shipping invoice and is not part of the Data Book. The Certificate of Conformance is signed
by an authorized Quality Representative.
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Harris Space Level Product Flow -8

GAMMA Radiation Verification (Each Wafer) Method 1019,
2 Samples/Wafer, 0 Rejects

100% Die Attach

Periodic- Wire Bond Pull Monitor, Method 2011

Periodic- Die Shear Monitor, Method 2019 or 2027

100% Internal Visual Inspection, Method 2010, Condition B

CSl an/or GSI PreCap (Note 5)

100% Temperature Cycle, Method 1010, Condition C,
10 Cycles

100% Constant Acceleration, Method 2001, Condition per
Method 5004

100% External Visual
100% Initial Electrical Test

NOTES:

100% Dynamic Burn-In, Condition D, 160 Hours, +125°C or
Equivalent, Method 1015

100% Interim Electrical Test

100% PDA, Method 5004 (Note 1)

100% Final Electrical Test

100% Fine/Gross Leak, Method 1014

100% External Visual, Method 2009

Sample - Group A, Method 5005 (Note 2)
Sample - Group B, Method 5005 (Note 3)
Sample - Group C, Method 5005 (Notes 3 and 4)
Sample - Group D, Method 5005 (Notes 3 and 4)
100% Data Package Generation (Note 6)

CSl and/or GSI Final (Note 5)

1. Failures from subgroup 1, 7 are used for calculating PDA. The maximum allowable PDA = 5%.
2. Alternate Group A testing may be performed as allowed by MIL-STD-883, Method 5005.

3. Group B, C and D inspections are optional and will not be performed unless required by the P.O. When required, the P.Q. should include
separate line items for Group B Test, Group C Test, Group C Samples, Group D Test and Group D Samples.

4. Group C and/or Group D Generic Data, as defined by MIL-1-38535, is optional and will not be supplied unless required by the P.O. When
required, the P.O. should include a separate line item for Group C Generic Data and/or Group D Generic Data. Generic data is not guar-
antec:d to be available and is therefore not available in all cases.

. CS8l and/or GSl inspections are optional and will not be performed unless required by theP.O. When required, the P.O. should include
separate line items for CSI PreCap inspection, GS! final inspection, GS! PreCap inspection, and/or GSl final inspection.

. Data Package Contents:
* Cover Sheet (Harris Name and/or Logo, P.O. Number, Customer Part Number, Lot Date Code, Harris Part Number, Lot Number, Quantity).

* GAMMA Radiation Report. Contains Cover page, disposition, Rad Dose, Lot Number, Test Package used, Specification Numbers, Test
equipment, etc. Radiation Read and Record data on file at Harris.

by an authorized Quality Representative.

* Screening, Electrical, and Group A attributes {Screening attributes begin after package seal).
* Group B, C and D attributes and/or Generic data is included when required by the P.O.
¢ The Certificate of Conformance is a part of the shipping invoice and is not part of the Data Book. The Certificate of Conformance is signed

AC Test Circuit

Vi

R1

FROM OUTPUT
UNDER TEST

TEST
POINT

WA

R2 _L 01'%
1

* Includes stray and jig capacitance

TEST CONDITIONS DEFINITION TABLE

V1 R1 R2 Cc1

1.7v 523Q Open 150pF

AC Testing Input, Output Waveforms

INPUT

28v

1 .SVX X1 5V

0.4v

NOTE: AC Testing: All parameters tested as per test circuits. Input
rise and fall times are driven at 1V/ns.
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Waveforms
|<<— TRLRH —> e~ TWLWH ——
RD \ e WR N\ /____
TDVWH }«—
TPVRL —] e — t<— TRHPX —t TWHDX
INPUT X X D7 - DO ), &
v I
-—>| TAVRL e —>| TRHAX |} TAVWL —] e TWHAX —
TS, A1, AD X X TS, A1, AD X
1 1
D7-DO < X OUTPUT X
<TRLDV->| [<— TRHDZ —] —| TWHPV
FIGURE 1. MODE 0 (BASIC INPUT) FIGURE 2. MODE ¢ (BASIC OUTPUT)
—{ TSLSH —a] l«— TWHOL
o — wE —\
\ \ —»] TKLOH
h. —
1BF TRLNL N— OBF
TSLIH —>~] [e— -] . 4 7
v TRHIL
INTR \ INTR Yo
TSHNH | |4 / TWLNL fe—s-{ /
RD / 7 ACK \
TSHPX —»{ TKLKH
R
INPUT FROM . TKHNH
PERIPHERAL OUTPUT X
<~ TPVSH —
TWHPV fe

FIGURE 3. MODE 1 (STROBED INPUT)

DATA FROM CPU
/ TO HS-82C55ARH

WR
TKLOH —~
OBF - .
TWHOL <
INTR TKLKH ‘\
ACK \
- TSLSH
STB —\
1BF \__
TSLIH >~ |- - ™\
TKLPV A < | TKHPX
1 TPVSH |e
PERIPHERAL
BUS
/ TSHPX—] | / TRHIL ot |<
giTA FROM PEF{ pata FRom / \7}-
- HS-82C55ARH
PHERAL TO TO PERIPHERAL ~ DATA FROM
HS-82C55ARH HS-82C55ARH

FIGURE 5. MODE 2 (BIDIRECTIONAL)

NOTE: A1y sequence where WR occurs before ACK and STB occurs
before RD is permissible.

FIGURE 4. MODE 1 (STROBED OUTPUT)

A0-A1,CS X X
< TavwL e TWHAX
R e
DATA BUS X D¢
—| TEI)VW:i-)l<— L_
! TWHDX
WR
TWLWH
FIGURE 6. WRITE TIMING
AD- A1, CS )t ﬂ(
f<—TAVAL —»] l<— TRHAX
Tle
AD ¥
— TRHDX
TAVRL - l-‘—

DATA BUS ‘HIGH IMPEDANCE

ESLID [HIGH IMPEDANCE

FIGURE 7.

READ TIMING
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Burn-In Circuits

PROGRAMMABLE PERIPHERAL INTERFACE

PROGRAMMABLE PERIPHERAL INTERFACE

T vDD
— Y = : —w—1 Y e
— 3 - — 7] -
3 el } |
-13 38} —wWA—{3] 38
—] 6 — F0 —5] —
o f5
{§] 35— 18] @__L
—-—| 7 E—ﬂl _J 7 34}—-«Mr— =y
[331 —
B =) = =—F By —
fiol
—{io] 31— F5 —r—'vw—@ 31— F5
{7 =l B -
+—3] 25—+ W—{73) 28— —— F7
{13] 27— ' 27 F3
0 =— & =
DAl —
@ A Ft— 5
19} 122} 2
20 21—+ : 21
STATIC CONFIGURATION DYNAMIC CONFIGURATION
NOTES: NOTES:
1. VDD =6.0V+0.5% 1. VDD = 6.0V + 5% for Burn-In
2. IDD <500pA 2. VDD = 5.0V * 5% for Life Test
3. Ta Min = +125°C 3. All resistors are 10KQ + 5%
4. -0.3V<VIL<0.8V
5. VDD -1.0V<VIH< VDD
6. IDD < 5mA
7. FO =10KHz, 50% Duty cycle
8. F1=F0/2; F2=F1/2, F3=F2/2: F4 =F3/2.. . F7 = Fe/2
9. Ta Min = +125°C
3
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-

it

rcul
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Irradiation C

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

+5.5V

s

olle ,w_.:m.__m..:m._nn._ra._rwlfm._ﬁ_%.jﬂ_ﬁ_@@

+5.5V T

NOTE:

=5.5V

1. VDD
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Functional Description

The HS-82C55ARH is a programmable peripheral interface
designed to allow microcomputer systems to control and
interface with all types of peripheral devices.lt has the
ability t¢ generate and respond to all asynchronous hand-
shaking signals necessary to transfer data to and from
peripheral devices, and it can also interrupt the processor
when a peripheral needs servicing. These capabilities allow
the HS-82C55ARH to be used in an unlimited number of
applications including EXTERNAL SYSTEM CONTROL,
ASYNCHRONOUS DATA TRANSFER, and SYSTEMS
MONITORING.

Data Bus Buffer

This tri-state bidirectional 8-bit buffer is used to interface the
HS-82C55ARH to the system data bus (see Figure 8). Data
is transmitted or received by the buffer upon execution of
input or output instructions by the CPU. Control words and
status information are also transferred through the data bus
buffer.

GROUP )
power [ — +v [ croup N
SUPPLIES | —» GND A = ¢ & PAD
rconTrOL <
’ !
BIDIRECTIONAL SRuE b
DATA BUS oy ERCLIEN pee
3 -
D7- A A
oo BUFFER »
o | &-BIT INTERNAL (= SROWE .
DATA BUS CLOWER T pCo
L EAD/ '
WR—»o| REA GROUP
WAITE | <-_: GROUP Vo
Al —»] B
Ao coNTROL] _ konTRoL] — BEa K~ P8 -
—*] “Loalic e = PBO
RESET —»} T i T
cs 4 :

FIGURE 8. BLOCK DIAGRAM DATA BUS BUFFER, READ/WRITE,
GROUP A AND B CONTROL LOGIC FUNCTIONS

Read/Write and Control Logic

The function of this block is to manage all of the internal and
external ‘ransfer of both Data and Control or Status words. It
accepts inputs from the CPU Address and Control busses
and in turn, issues commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is programmed by
the systems software. In essence, the CPU writes a control
word to the HS-82C55ARH. The control word contains infor-
mation such as “mode”, “bit set”, “bit reset”, etc., that initial-
izes the functional configuration of the HS-82C55ARH.

Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports.

Control Group - Port A and Port C upper (C7 - C4)
Control Group - Port B and Port C lower (C3 - C0).

Ports A,B, C

The HS-82C55ARH contains three 8-bit ports (A, B and C).
All can be configured to a wide variety of functional
characteristics by the system software but each has its own
special features or “personality” to further enhance the
power and fiexibility of the HS-82C55ARH.

Port A One 8-bit data output latch/buffer and one 8-bit data
input latch. Both “pull-up” and “pull-down” bus hold
devices are present on Port A. See Figure 9A.

PortB  One 8-bit data inputoutput latch/buffer and one 8-
bit data input buffer. See Figure 9B.

Port C One 8-bit data output latch/buffer and one 8-bit data
input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and can be used
for the control signal outputs and status signal inputs
in conjunction with Ports A and B. See Figure 9B.

RD
MASTER CONTROL
RESET
INTERNAL 4 aq__._ EXTERNAL
DATAIN < © PORT A PIN
INTERNAL ?:
DATA OUT ~*
WR
SIGNAL
(A)
VDD
MASTER K,
RESET P
T
44 EXTERNAL
INTERNAL
DATA IN 4 PORT 8, C
INTERNAL __
DATA OUT
WR
SIGNAL

(8)
FIGURE 9. /O PORT CONFIGURATION

Operational Description

Control Word

The data direction and mode of Ports A, B and C are
determined by the contents of the Control Word. See Figure
11. The Control Word can be both written and read as shown
in Table 1 and 2. During write operations, the function of the
Control Word being written is determined by data bit D7. {f
D7 is low, the data on DO - D3 will set or reset one of the bits
of Port C. See Figure 12. During read Operations, the
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Control Word will always be in the format illustrated in Figure
11 with Bit D7 high to indicate Control Word Mode Informa-
tion.

i ADDRESS BUS {
1 |
/ CONTROL BUS {
[ 1
J DATA BUS \
7D, WR D7-D0 AQ- A1 l
L €s
~y
MODEO —»] B c A T
f_‘ﬁ
I/o vo o o

PB7.PB0 PC3-PCO PC7-PC4 PA7-PAO

. o~ ~
MODE 1 —:[ B C A T
& L L J
0 i10

N

PB7-PBO CONTROL CONTROL PA7 - PAO
ORVO ORUO
~ ~y
MODE 2 —->T B c A T
& ‘r_l_‘ > .
BIDIREC-
I’O TIONAL
- Sy ot -
PB7-PB0 U0 oo e PAT-PAO

FIGURE 10. BASIC MODE DEFINITIONS & BUSINTERFACE

TABLE 3.

DISABLE FUNCTION
Data Bus - 3-State

A1l A0

RD
X

X 1 1 0 Data Bus - 3-State

TABLE 1.
I INPUT OPERATION
Al AC RD R | CS (READ)
0 0 Q 1 0 Port A - Data Bus
0 1 0 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
1 1 0 1 0 Control Word - Data Bus

TABLE 2.
I T OUTPUT OPERATION
Al Ao RD R | CS (WRITE)
0 Q 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control Word

CONTROL WORD
ID7|DG|D5| D4I Dsloz| D1|DO|

GROUP B

PORT C (LOWER)
1= INPUT
0 = QUTPUT

PORT B
1=INPUT
0 =QUTPUT

MODE SELECTION
0=MODEO
1=MODE 1

GROUP A

PORT C (UPPER)
1=INPUT
0=QUTPUT

PORT A
1=INPUT
0=0QUTPUT

MODE SELECTION

1X = MODE 2

MODE SET FLAG
1= ACTIVE

FIGURE 11. MODE SET CONTROL WORD FORMAT

Mode Selection

There are three basic modes of operation that can be
selected by the system software:

Mode 0 - Basic Input/Output
Mode 1 - Strobed Input/Output
Mode 2 - Bidirectional Bus

When the RESET input goes “high”, all ports will be set to
the input mode with all 24 port lines held at the logic “one”
level by intemal bus hold devices. After reset, the HS-
82C55ARH can remain in the input mode with no additional
initialization required. This eliminates the need for pullup or
pulldown resistors in all CMOS designs. During the
execution of the system program, any of the other modes
may be selected using a single output instruction. This
allows a single HS-82C55ARH to service a variety of
peripheral devices with a simple software maintenance
routine.

The modes for Port A and Port B can be separately defined
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers,
including the status register, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any I/0 struc-
ture. For instance: Group B can be programmed in Mode 0
to monitor simple switch closings or display computational
results, Group A could be programmed in Mode 1 to monitor
a keyboard or tape recorder on an interrupt-driven basis.
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The mode definitions and possible mode combinations may
seem confusing at first but after a cursory review of the
complete device operation a simple, logical /O approach will
surface. The design of the HS-82C55ARH has taken into
account things such as efficient PC board layout, control
signal definiton vs PC layout and complete functional
flexibility to support almost any peripheral device with no
extemal logic. Such design represents the maximum use of
the available pins.

CONTROL WORD
|D7]DB|Ds|D4|Ds|Dzlninﬂ

| | l BIT SET/RESET
1= SET

XX X 0 = RESET

Y

%(zgg BIT SELECT
01112|3|4}5(67
oj1fo[1]o]1]0]1] B0
ojo{1|t1]o]joj1]1i8B1

L »|0|0]0jO11]1(1]|1]|B2

BIT SET/RESET FLAG
0 = ACTIVE

FIGURE 12. BIT SET/RESET CONTROL WORD FORMAT

Single Bit/Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. See Figure 12. This feature

Interrupt Control Functions

When the HS-82C55ARH is programmed to operate in
Mode 1 or Mode 2, control signals are provided that can be
used as interrupt request inputs to the CPU. The interrupt
request signals, generated from Port C, can be inhibited or
enable by setting or resetting the associated INTE flip-flop,
using the Bit Set/Reset function of Port C.

This function allows the programmer to enable or disable a
CPU interrupt by a specific 1/O device without affecting any
other device in the interrupt structure.

INTE Flip-Flop Definition:

(BIT-SET) - INTE is SET - Interrupt enable.

(BIT-RESET) - INTE is RESET - Interrupt disable.

NOTE: All mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes

Mode 0 (Basic Input/Output)

This functional configuration provides simple input and out-
put operations for each of the three ports. No handshaking it
required, data is simply written to or read from a specific
port.

Mode 0 Basic Functional Definitions:

¢ Two 8-bit ports and two 4-bit ports

* Any port can be input or output

* Outputs are latched

* Inputs are not latched

reduces software requirements in  control-based : ) - .
applications. * 16 different Input/Output configurations possibte
|«—— TRLRH ——{

RD \\ /,

—)-I TPVRL |e— —] TRHPXI—(—

INPUT X X
I<—TAVRL—> —»{ TRHAX I(-——
TS, A1, A0 X X
1
D7- DO ¢ X —
|<— TRLDV —>|  le—— TRHDX —>
FIGURE 13. MODE 0 (BASIC INPUT)
e TWLWH —5-]
WR ) /
h._:/) TWHDX
—»{ TOVWH |
D7- Do X X
|<-—— TAVWL ——] TWHAX
TS, A1, A0 ). & X
OUTPUT X

|« TWHPV —-{

FIGURE 14. MODE 0 (BASIC OUTPUT)
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HS-82C55ARH
Mode 0 Port Definition
A B GROUP A GROUP B
D4 D3 D1 Do PORT A PORT C (UPPER) NO. PORTB PORT C (LOWER)
0 0 0 0 Qutput Qutput 0 Output Output
0 0 0 1 QOutput Output 1 Output tnput
0 0 1 0 Output Output 2 Input Output
0 0 1 - 1 Output Output 3 Input input
0 1 0 0 Qutput Input 4 Output Output
0 1 0 1 Output Input 5 Output Input
0 1 1 0 Qutput Input 6 Input Output
0 1 1 1 Output Input 7 Input Input
1 0 0 0 Input Output 8 Output Output
1 0 0 1 Input Qutput 9 QOutput Input
1 0 1 0 Input Output 10 Input Output
1 0 1 1 input Output 11 Input Input
1 1 0 0 Input Input 12 Output Qutput
1 1 0 1 Input Input 13 Output input
1 1 1 0 Input Input 14 Input Output
1 1 1 1 Input Input 15 Input Input
¥
Mode 0 Configurations
CONTROL WORD #0 CONTROL WORD #1
D7 D6 DS D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
[1ofofofofe]o]0] [1{ofofofofo]o]1]
A ————+——-> PA7 - PAO A +’8 PA7 - PAD
———F—— PC7-PC4 +>4 PC7-PC4
D7-D0 +———»] C{ D7-D0 4 C{ 4
——7r— PC3-PCO ———— PC3-PCO
B —/8—» PB7-PBO B —-718—» PB7 - PBO
CONTROL WORD #2 CONTROL WORD #3
D7 D6 DS D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO
[t]ofefofefof1]o] [t]ofofoofof1]1]
A p——rsp—s PA7-PAC A —+>8 PA7 - PAO
———F— PC7-PC4 -—-—/—-'4 PC7 - PC4
D7-D0 +——» C-|: D7-D0 +————>] C{ 4
——/——— PC3-PCO ———/— PC3-PCO
8 fp———— PB7-PBO B —7/—8—» PB7 - PBO

Spec Number 518060
984



HS-82C55ARH

Mode 0 Configurations (Continued)
CONTROL WORD #4

D7 D¢ DS D4 D3 D2 D1 DO

[t]o]ofo]*]o]o]o]

A /8
,4
- VA v
D7-D0 «—» C{ L4
7
B /8 >
CONTROL WORD #6
D7 D6 D5 D4 D3 D2 D1 DO
Ltfofofoft1]oft]o]
VLI
D7-D0 «—— 5 c{ 4
+,
B —,L>
CONTROL WORD #8
; D7 D6 D5 D4 D3 D2 D1 DO
- [tfofe]tJofe e o]
' 8
| A
]
: _._/_‘1_.
E D7-D0 +—————] C-I: 4
[ B ﬁla—v
E CONTROL WORD #10
E D7 D6 D5 D4 D3 D2 D1 DO
L [tfofoftfo]e] o]
a
A HB—‘
; !4
; D7-D0 «— | c{ 4
| —
i B ——7L>
3
i .

PA7 - PAO

PC7-PC4

PC3-PCO

PB7 - PBO

PA7 - PAO

PC7 - PC4

PC3 - PCO

PB7 - PBO

PA7 - PAO

PC7 - PC4

PC3 - PCO

PB7 - PBO

PA7 - PAO

PC7-PC4

PC3-PCO

PB7 - PBO

CONTROL WORD #5

D7 D6 D5 D4 D3 D2 D1 DO

[efoft]tfofof]

IB
A /— PA7-PAQ
;4
+—— PC7-PC4
D7-D0 +—-y] C-l— 4
Vi
, #——+ PC3-PCO
, 8
B #——+ PB7-PBO

CONTROL WORD #7

D7 D6 D5 D4 D3 D2 D1 DO

L [ofofofefof*]t]

A |——F—+ PA7-PAO
———+ PC7-PC4
c{
|——+— PC3-PCO
B |——— PB7-PBO

D7-D0 +———]

CONTROL WORD #9

D7 D6 D5 D4 D3 D2 D1 DO

L fofof1]efofo]t]

8
A |——F— Pa7-PAO
4
—————+ PC7-PC4
D7-D0 «——] C-I: 4
—/—— PC3-PCO
8
B }——+—— pB7-PBO

CONTROL WORD #11

D7 D6 DS D4 D3 D2 D1 DO

Lfefoltfofo] 1]

A }——+—— par-pPao

4
——+—— pc7-pPcs
D7-D0 +—] c-{:
4
+ » PC3-PCO

B |——F—— PB7-PBO
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Mode 0 Configurations (continued)
CONTROL WORD #12

D7 D6 D5 D4 D3 D2 D1 DO

[Lelel [ e o]

8
A +——+ PA7-PAO
,4
. v > PC7-PC4
D7-D0 +———» C{ 4
+—— PC3-PCO
;8
B v + PB7-PBO
CONTROL WORD #14
D7 D D5 D4 D3 D2 D1 DO
[ fefoft e o]t]e]
, 8
A + » PAT7-PAO
,4
7 PC7 - PC4
D7-D0 +— C{ 4
+—— PC3-PCO
.8
B + » PB7-PBO

CONTROL WORD #13

D7 D6 D5 D4 D3 D2 D1 DO

[lofo]r]r]ofo]t]

8
A #—— PA7-PAO
.4
A~ PC7-PC4
D7-D0 «— c{ 4
+— PC3-PCO
,8
B +—— PB7-PBO
CONTROL WORD #15
D7 D6 DS D4 D3 D2 D1 DO
Llefofefrfofe ]
, 8
A #— PA7-PAO
4
+~—— PC7-PC4
D7-D0 +——] c{ .
/— PC3-PCO
,8
B +—— PB7-PBO

Operating Modes

Mode 1 (Strobed Input/Output)

This functional configuration provides a means for transfer-
ring I/O data to or from a specified port in conjunction with
strobes or “handshaking” signals. In Mode 1, Port A and Port
B use thz lines on Port C to generate or accept these “hand-
shaking" signals.

Mode 1 Basic Functional Definitions:

« Two Groups (Group A and Group B)

« Each group contains one 8-bit port and one 4-bit control/
data port.

+ The 8-bit data port can be either input or output. Both
inputs and outputs are latched.

= The 4-bit port is used for control and status of the 8-bit
port.

Input Control Signal Definition

STB (Strobe Input)
A “low” on this input loads data into the input latch.

IBF (Input Buffer Full F/F)

A “high* on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgment.
IBF is set by_;STﬁ input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the rising edge of STB and reset by the falling edge of RD.
This procedure allows an input device to request service
from the CPU by simply strobing its data into the port.

INTE A
Controlled by Bit Set/Reset of PC4.

INTE B

Controlled by Bit Set/Reset of PC2.

MODE 1 (PORT A)
CONTROL WORD

D7 D6 DS D4 D3 D2 D1 DO

[ e [+ [ [RXIXIX)

MODE 1 (PORT B)
CONTROL WORD
D7 D6 DS D4 D3 D2 Dt DO

[ DXEXIXIX] [ 11X

PCS6,7
1= INPUT
0=0UTPUT
PA7 - PAD PB7- PBO
INTE —_ INTE —
A PC4 j¢— lS\TB B PC2 je——— STB
B
PC5}—— IBF PC1f}— IBF
A B
RD RD
PC3}—» INTR PCO }— INTR
L A Lo —
2
PC6, 7 fe/+ 1O

FIGURE 15. MODE 1 INPUT
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—»{ TSLSH

IBF TRLNL Y
TSLIH —»{ | I N
| TRHIL
INTR 4
TSHNH | |- /’ f

RD z
] | TSHPX
INPUT FROM
PERIPHERAL
|e— TPVSH —3=

FIGURE 16. MODE 1 (STROBED INPUT)
Output Control Signal Definition

OBF (Output Buffer Full F/F)

The OBF output will go “low” to indicate that the CPU has
written data out to the specified port. This does not mean
valid data is sent out of the port at this time since OBF can
go true before data is available. Data is guaranteed valid at
the rising edge of OBF. See Note 1. The OBF F/F will be set
by the rising edge of the WR input and reset by ACK input
being low.

ACK (Acknowledge Input)

A “tow” on this input informs the HS-82C55ARH that the data
from Port A or Port B is ready to be accepted. In essence, a
response from the peripheral device indicating that it is
ready tc accept data. See Note 1.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an output device has accepted data transmitted by the
CPU. INTR is set by the rising edge of ACK and reset by the

falling edge of WR.
MODE 1 (PORT A) MODE 1 (PORT B)
CONTROL WORD CONTROL WORD

D7 D6 D5 D4 D3 D2 D1 DO D7 D6 DS D4 D3 D2 D1 DO

[+]0]1]0 ] XPXIX] 1 1]o

PC4, 5
1= INPUT
0=0OUTPUT
PA7-PAO[ B PB7 - PBO
pc7 fe— OBF PC1 [e— OBF
INTE|| Pc2}— ACK
B B

WR |y

I PCO|— INTR
B

PC4, 5 o> 1O

FIGURE 17. MODE 1 OUTPUT

INTE A
Controlled by Bit Set/Reset of PC6.
INTE B
Controlled by Bit Set/Reset of PC2.
—>]  p=— TWHOL
WR N
—1 TKHOL
OBF -
INT \ /\4
TWLNL || / {_
ACK \
—»] TKLKH
TKHNH®
OUTPUT
TWHPY —>] e

FIGURE 18. MODE 1 (STROBED OUTPUT)

NOTE:

1. To strobe data into the peripheral device, the user must operate
the strobe line in a hand shaking mode. The user needs to send
OBF 1o the peripheral device, generate an ACK from the periph-
eral device and then latch data into the peripheral device on the

rising edge of OBF.

Combinations of Mode 1: Port A and Port B can be individu-
ally defined as input or output in Mode 1 to support a wide
variety of strobed I/O applications.

PORT A (STROBED iNPUT)
PORT B (STROBED OUTPUT)

CONTROL WORD
D7 D6 D5 D4 D3 D2 D1 DO

PORT A (STROBED OUTPUT)
PORT B (STROBED INPUT)

CONTROL WORD
D7 D6 DS D4 D3 D2 Dt DO

L lefe ]t ]mlo]X]

L e[ folml]+]X]

PC6,7
1 =INPUT
0=0QUTPUT

PA7 - PAO

RD
L»o PC4je—— STB A

PCS] . BFA

PC3|— INTRA
2
PC§, 7 |+ VO

PB7 - PBO

WR
l—»o PC1}+—— OBFB

pc2je— ACKB

PCOF—— INTRB

PC4,5
1 = INPUT
0=O0UTPUT

WR | PA7-PAO

I—»o pc7}— OBF A

PC6 |l _ACKA
pc3l— INTRA

2
PC4, 5 j+f~+ O

PB7 - PBO

RD
Loo PC2 |+— STBB

PCi}— IBFB

PCO}—— INTR B

FIGURE 19. COMBINATIONS OF MODE 1
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HS-82C55ARH

Operating Modes

MODE 2 (Strobed Bidirectional Bus 1/0)

The functional configuration provides a means for communi-

cating with a peripheral device or structure on a single 8-bit

bus for both transmitting and receiving data (bidirectional

bus I/0). “Handshaking” signals are provided to maintain

proper Lus flow discipline similar to MODE 1. Interrupt gen-

eration and enable/disable functions are also available.

Mode 2 Basic Functional Definitions:

* Used in Group A only.

* One 8-bit, bidirectional bus port (Port A) and a 5-bit control
port (Port C).

« Both inputs and outputs are latched.

« The 5-bit control port (Port C) is used for control and
status for the 8-bit, bidirectional bus port (Port A).

Bidirectional Bus I/O Control Signal Definition

INTR (Interrupt Request)

A high on this output can be used to interrupt the CPU for
both input or output operations. INTR will be set either by the
rising edge of ACK (INTE1 = 1) or the rising edge of STB
(INTE2 == 1). INTR will be reset by the falling edge of WR (if
previoucly set by the rising edge or ACK), the , the falling edge of
RD (if previously set by the rising edge of STB), or the falling
edge of WR when _immediately following a low RD pulse or
the falling edge of RD when immediately foliowing a low WR
pulse (if previously set by the rising edges of both ACK and
STB).

Output Operations

OBF (Output Buffer Fuli)

The OBF output will go “low” to indicate that the CPU has
written data out to Port A.

ACK (Acknowledge)

A “low” on this input enables the tri-state output buffer of Port
A to send out the data. Otherwise, the output buffer will be in
the high impedance state.

INTE 1 ‘The INTE Flip-Flop Associated with OBF)
Contrciled by Bit Set/Reset of PC6.

Input Operations

STB (Strobe Input)
A “low” on this input loads data into the input latch.

IBF (Input Buffer Full F/F)

A “high” on this output indicates that data has been loaded
into the input latch.

. INTE 2 (The INTE Flip-Flop Associated with IBF)
 Controlled by Bit Set/Reset of PC4.

CONTROL WORD
D7 D6 DS D4 D3 D2 D1 DO

| 1 | 0 [><]><|><[1/o|1/o|1/o|

PC2-PCO
1=INPUT
0=O0UTPUT

PORT B
1=INPUT
0=O0UTPUT

GROUP B MODE
0=MODEO
1=MODE1

FIGURE 20. MODE CONTROL WORD

e

— INTR A

PA7- PAO

PC7}—— OBF A
INTE| | PC6 fe—— ACK A
'NzTE pc7fe—— STBA
WR ——q < PC6 » IBF A
RD —dl
PC2- PCO 4—3/—> o

FIGURE 21. MODE 2 (BIDIRECTIONAL)

DATA FROM CPU
. TO HS-82C55ARH

WR
TKHOL —~
OBF A\ 4
TWHOL T~
INTR 1 |TKLKH ‘\
ATK \
] TSLSH |«
STB \ y
1BF \
TSLIH == e -
TKLPV 4+ r— TKHPX
—={ TPVSH (e
PERIPHERAL
BUS
/ TSHPX—> < / TRHIL > |
gﬁm FROM PEF{ 3ATA FRoM / \7]—
- S-82C5SARH
PHERAL TO TO PERIPHERAL ~ DATA FROM
HS-82C55ARH HS-82C55ARH

TOCPU

NOTE: Any sequence where WR occurs before ACK and STB occurs
before RD is permissible.

FIGURE 22. MODE 2 (BIDIRECTIONAL)
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HS-82C55ARH
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MODE DEFINITION SUMMARY

MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY
PAO In Oout In Out —_—
AP1 In Out in Out —
PA2 In Out In Out —
PA3 In Out In QOut —_—
PA4 In Out In Qut —e———p
PAS In Out In Out ——reee——p
PA6 In Out In Out ——p
PA7 In Out In Out —_—
PBO In Out In Out -
PB1 In Out In Out -
PB2 In Out In Out -
PB3 In Out In Out - Mode O or
PB4 In Out In Out - ’ Mode 1 Only
PB5 In Out In Out -
PB6 In Out In out -
PB?7 In Out In Out -
PCO in Out INTRB INTRB /0
PC1 In Out IBF B OBF B /o
Fz2 In Out STBB ACKB o
PC3 In Out INTR A INTR A INTR A
PC4 In Out STBA Vo STBA
PC5 In Out IBF A 1o IBF A
PC6 In Out 110 ACK A ACK A
PC7 In Out 1o OBF A OBF A
Special Mode Combination Considerations INPUT CONFIGURATION
There are several combinations of modes possible. For any D7 D6 DS D4 D3 D2 D1 Do

combination, some or all of Port C lines are used for control
or status. The remaining bits are either inputs or outputs as
defined by a “Set Mode” command.

During a read of Port C, the state of all the Port C lines,
except the ACK and STB lines, will be placed on the data
bus. In place of the ACK and STB line states, flag status will
appear on the data bus in the PC2, PC4, and PC6 bit
positions as illustrated by Figure 25.

Through a “Write Port C” command, only the Port C pins pro-
grammed as outputs in a Mode 0 group can be written. No
other pins can be affected by a “Write Port C" command, nor
can the interrupt enable flags be accessed. To write to any
Port C output programmed as an output in a Mode 1 group
or to change an interrupt enable flag, the “Set/Reset Port C
Bit” command must be used.

With a “Set/Reset Port C Bit" command, any Port C line
programmed as an output (including IBF and OBF) can be
written, or an interrupt enable flag can be either set or reset.
Port C lines programmed as inputs, including ACK and STB
lines, associated with Port C fare not affected by a “Set/
Reset Port C Bit" command. Writing to the corresponding
Port C bit positions of the ACK and STB lines with the “Set/
Reset Port C Bit" command will affect the Group A and
Group B interrupt enable flags, as illustrated in Figure 25.

| /0 | 10 llBFAIINTEAlINTHAI lNTEBIIBFB'INTHBl

D7 D6

\

GROUP A
OUTPUT CONFIGURATION
D5 D4 D3 D2

"/

GROuUPB

D1 DO

l'é‘B—FAI INTEAI 10 | vo IINTRA] INTEB |63‘F‘B| INTRBl

FIGURE 23. MODE 1 STATUS WORD FORMAT

D7 D6

Vv

GROUP A

D5

D4 b3 D2 D1 Do

—V

GROUPB

LWAIINTE1||BFA||NT52J|NTRA[ X | X ] X l

NOTE: (Defined by Mode 0 or Mode 1 Selection)

FIGURE 24. MODE 2 STATUS WORD FORMAT

"%

GROUP A

2%

GROUPB
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HS-82C55ARH

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5mA. This
feature allows the 82C55A to directly drive Darlington type
drivers and high-voltage displays that require such sink or
source current.

Reading Port C Status (Figures 23 and 24)

In Mode 0, Port C transfers data to or from the peripheral
device. When the 82C55A is programmed to function in
Modes 1 or 2, Port C generates or accepts “hand shaking”
signals with the peripheral device. Reading the contents of
Port C allows the programmer to test or verify the “status” of
each peripheral device and change the program flow
accordingly.

There is no special instruction to read the status information
from Port C. A normal read operation of Port C is executed
to perform this function.

INTERRUPT ALTERNATE PORTC
ENABLE FLAG* POSITION PIN SIGNAL (MODE)

INTEB PC2 ACKB (Output Mode 1) or
STBB (Input Mode 1)

INTE A2 PC4 STBA (Input Mode 1 or
Mode 2)

INTE A1 PC6 ACKA (Output Mode 1 or
Mode 2)

FIGURE 25. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2
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