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INTRODUCTION
A digital potent omeler is a cornponent which íanslalês lhê
íoialional movement of iis shafl nlo a d gital eleclrcal
waveÍorm. Digta potefliometers are oÍlen reÍeffed io as
roiary pulse generatoÍs. Figure l shows ihe Hewlett-
Packard HEDS-7000seÍiesdigltal potêntiometer

Hew elt-Packard's HEDS-7000 series dgila potêniiometer
has many Íeatures lo oÍfer both equ pment designeÍs and

. Thê HEDS-7000 series dig ta potent omeler has no end
lim 1s on ils rotalion. This allows ihê dig ia potent ome-
iêls shatt to rnake an un imiled number oÍ tums in one
direclion with compete coni nu ty oÍ lh€ polenliomoters

Newleit-Packard's digital potent omeler oÍfers high rota"
iional posilion accuracy (linearit, over large iemperalure
and hum dity ranges This mêans that the digital polenli-
oíneter will always prov de the same írumber oí dlgilal
pulses on ts output for ihe same change in posilion oÍ

The HEDS-7000 series digilal poientomelers outpul is
direclly compalible wlth al TTL circuitry.

New etl-Packard's d gila polentiorneter oílers long cyole
lile and h gh rellabiity íoÍ the user Íhe standard HEDS-
7000 series digiial polent omeler is raled Íor oveí
1 m I ion tLrrns oÍ ils shaÍ|. Longer cycle liÍe digital poten-
tiometers, wth special ubricánts Íor extended bushirg
iÍe, are available. The HEDS-7000 seriês digila potenii
ometer oÍÍeÍs h gh reliabiity due io iis non-contacling
oplical sysiêm íor detecting lhe posilion oÍ the polenti'
ometeas shaft. Ths system eimnales al eleclrical
contactng parts which wear and become electricaly
'noisy' wiih age and dust.

One HEDS 7000 seres digilal poteniiomêter can be
mult tasked 1o perform nrany fu.ctions wtren used in a
microprocessor based system. The dig tal poieniiometer
provides a drgital ouiput when ils shaÍt s lurned. A m cro-
processoí can directly read ths output and use ft to
chánge any parameter ihat the microprocessor conÍols.

THËONY OF OPERATION

1

2

2

HEDS.TOO{ SEBIES DIGITAL
POTENTIOMETER vs. RESISTIVE
POTENTIOMETEB

CIRCUITBY EXAMPLES FOR THE
D|G|TAL POTENT|O|\I|ETEF ................

Direct Inlerlace C rcuit
AÀ,lO A[,,125152569 CoLnter Crrc Jrt .. ........ ....
7415192 Courler C rcL .. ... .
D Flp.Élop llterÍacê Ci cJrl .......... ,,. .,,, ,,

DESIGN CONSIDEBATIONS FOR
THE DIGITAL POTENTIOMETER .. ,,. .,,. .... ..

HEDS-7000 Series Digira Polenliomeier Oplions . .
Dimensro.>olr'reD,qilà Polê1r'oneter ..........
Assembly Procedure Íor ihe
FrEDS-7000 Digiral ootentiorÍete. . ............. ..

5
5
6
7
I

t0
10
tl

'12



For êxámole. in a microDrocessor conlrolled oscllo-
scope, the micíoprocessor could lirst use the oLrlpul of
ihe digital potentiomêleí to conÍol a voltage lêv€|, Thê
microprocessor could then be loLd by the us€r, via a
Íront panel switch, to usê the ourput oi the dighal potên-
tiomeler to control an inleínal clock ííequency. using
this melhod, one diqital potenriometer can be used in
place ol many knobs on a Íronl panel-

Íhe HEDS-7mo series digiral potêntiometer has s€veíal
advaÍÍagêsoverstándard resistive potentiometêrs.

. Íhe oulput oÍ the device is direclly TTL compalible.

Íhe devic€ has no contact wiper lo become electícally
"noisy" with wear and age.

The number oÍ luíns in the clockwise or counterclock-
wise direclion is unlim têd. ,fl

. Thê digilal polentiomelêr has a onger cyclê lllê lhan
most siándard resistive potenliornelers.

The purpose oíthls applicatons nole is as Íollows:
. To demonstrate some of lhe uses foí 6 d o lÊ

polent omeler
. To expla n how a disita polenlioínsler works
. To expla n some oí lhe advantagss oí a digital potenli-

ometer over á standard reslstive poientiomot€r
. To provlde somê exampl€s oÍ circutry which wll nteÊ

lacê lh6 dlgltal potênt om€iêrio a rnicroprocsssor
. And to provid€ m€chanical design consid€rations ánd

ávallablê oplions íor th€ HEDS-7000 s€riss digilal

DIGITAL POTENTIOMETER APPLICATIONS
Digllal potenliometers are mosl olten us6d in lÍont panel
applications. ln thí6 application the shaÍt ol the digital
potentiomêisr s rnanually l!rned. A knob s usually placgd
on lh€ snd oí thê shafi. This knob íacilitates thB manudl
l!rning oÍ ths Èháít as well as covêrs ihe bush ng wh€re thê
shÊfl etlachês lo the body of lhe potênliomsler, Rolallonal
movoment oÍ thê shaft by hand is Íansláted to digila pu ses
whlch can be read by a rnicíoprocessor uslng an lnterlace
circut likê ihose shown in the lollowlng sectlons oí lhi8
appllcalions nole, The rnicroprocessor can be programmed
to porlorm a numbêr oÍ operalions uslng lhe same dig t31
poienllometer, slch as lo change a value shown on a dis-
pay, lo move CnT, or io changê an audio
lev€l The HÉDS-7000 s€ries dig ial polenliomet€rs arê wel
su ted lor Íront oanel appllcations in d€vices such as medi-
celequ pmênl, €ecÍ caltest equ pment, computer têrminals
end p€riphêrals, and CAD/CAI/ svstems

Th6 HEDS-7000 series digital polentiomel€r may also be
usêd in posilion sensing applicalions. In lhistpe oí applica-
tion a geaÍ mighl be placed on the shalt whose ieelh malch
thal oÍ a strip along atable edgê. As thetable is moved an á
plane langent lo lhar ol the shafi, lhe gêaí would lurn and
lhe pot€ntiometer could be used to send position infoíma-
taon to a micropíocessor. Figure 2 shows a diagram of this

THEORY OF OPERATION
A HEDS-7000 seriês digital potentiometer opeÍates by Íans-
lating rolation of iis shaït inio inlerruptions oí a lght beam
u8ing a slotled code wheel. Photodetectoís sense th€sê

Flgun 2, Poslllon Sèft1.9 Appll@llon

ifterrupiions in lhê lighi beam snd oulpul this inÍotmation
as a d gilal waveÍorm. Th s section ol lh€ applicalions note
dêscribês this operalion in detsii.

In lhê Hewlêll-Packard digital pot€ntiomsler Light Emitling
Diodês (LEDS) arê used as a sourcs oÍ light. This light is
collimáted {all ths lighl rays are mado parallel to íoím a
bêaml by á mold6d plastic lens ovsr each LÉD. Each
€ncoderoutpul channel requircs a separale LED. Íhere eíê
two outpul channels available on the standard digilalpoten-
liom€teí (See Fagure 3.). A oplional lhird output channêl is
avaiable. (Seê Fig!re 13a.)This lhkd channel provdês one
ollsê oêr r€voluiion of lh€ code wheêl Énd is known es lhe
ndex pulsê chan nel or chan nel L

A shaÍt is moufiêd on the body of the digitál polênt om€l€r
Lrsing e bush ng which allows th€ shaft to rolal€, A slotlêd
codê whêel ls mo!ntêd on ihê ênd of lhe shaít lhal 1s rslde
lhê d gltal polenllometer body, The standard code whê61 is
á mstal dlsc whlch has N êqually spacêd slts around ts
circL.lÍnÍêrence, As the shaÍt is tuíned lhe code wheel lnter-
r!pts the beams ol licht em tted by the LEDS. lsee Figufês
4a and 4b.)Thê standaíd count avaiab ê Íor the HEDS-7000
seriês digila polenliornêler s 256 pulses per rcvoluton,

The photodetêciors and a phase p atê ár€ ocal€d in lhê
€ncoder body or thê opposile s dê of ihê cod6 wh€el from
the LEDS The phase ptare is held in a statlonary posltlon
b€tw€en lhe code wheel and the pholodetectorg, Aperlures
wilh á patlern matching the code wheel slits aíe localed an
thê phase plate direclly over the pholodeteclors, Two photo-
detectors aíe reouircd Íor êach outout channel. Íhe
apenures in the phase plate aíe located in such a way thal
Íor each pair oÍ pholodêtectors one oÍ the detectors is dark-
sn€d whilê th€ other one rec€ives lighl. The output ol each
oí lhe Dholodetectors is amolified and then Íed to a com-
peÍelor. As the code wheel is iurned lhe light leve that each
photodetector receives changes unt lthe i ísl pholodêleclor
rscêives moíe light than the second one. When this chángê
tak6s plácê the compaíalor changes siate and provid€s a
TTL log c levêls gnal.
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Flgu.o 3. Dlgllal Pol€nllomêlêÍ Block Oldgràm

Flqurc4.. Digltal Potêntiometêr Exptoded Vtew



Flgure4b, HEOS-7000 SèíB Olgltrl Por.ntlomêtêr Cut Aw.y Vl€w

The output oï thê digilal potenUometêr is shown in Figu|E 5.
TheAand B oulputchannels are an ouadÍátuís. Íhis m€ans
thal lhey are out oÍ phlrse by gO electíicál dêgr€€s. Íhe
phase of output channel A leadg channel B by goe whên ths
pot€ntiometeís shaÍl is turned in the clockwlsê dhêction.
Similarly, when the shaÍl is turnsd in thê countêrclockwls€
dir€ction, output channel B will l€ad chann6l A by 90.. Not6
that thê numberol pulsês which occuron channêls A ánd B
is d€lêímined by lhe numbeí ol slots in ih€ code wh€€t.
Th€íeloí€, ths numbeí oÍ pulses whjch occur loÍ each í€vo-
lutlon olths code wheel is lixed,

Flgu6 5. Oulpul w.v€lom!

HEDS-7OOO SERIES DIGITAL
POTÉNTIOMETER vs. RESISTIVE
POTENTTOMETER v
Tho tollowing chart compaíês lhe maloí characl€r stlcs ot
reslslive and digila potentiom€ters.

Tabl61. Thê HEOS-7000 S€rl$ Olgllrl Pol€nllomot€r vs. á Slrndard R€3lstlve Potentlomeler.

Ballsllva Pot€nllomêl€í Dlgllál Polenllomel€r
Output Analog TTL compatible - dlgital

Y6siand the wiper Will bêcome
e ecÍ caly "nolsy" wlth lim€

Noi th€ Polenliometer is coupled
oplically and will not become
electrica ly "noisy" with lime

Usua ly línlt€d lo on€ tuln lbljoile! nurnbêr oi ruíns

Retention oi posit on ifÍormaiion
wilh poweí loss to system

Posilion informat on s sáved
il power to lhe syslêm ls losl

Posilior inÍoffnation is osl
iÍ power to the sysiem is losi

Resolulion L mitalions L ínilêd by thê analog to d qital
converleí and resisiive surfàce
nonlinearilies when used In a
dig(al syslem

Limiled by number oí pulses per
revolution or visualdisplay as

Íypicai Cycle LiÍe 50,000 lo 100.000 cycles Gíeater than 1 million revolulions



Thê main advaniage oí a resislive potentiometêr is thet lí
power is losl lo the system posltion iniormation wlll b6

Both the rêsistivê poienliomeler and lhê d gilal potêntiome-
ter have a imiled reso ution when used In a dlgltál conlrol
sysiem. Thê digital potenliometels resolutlon is imted by
the number oÍ slois and bars in lhe code whêê]. The ress-
tive poieniiometeÍ is limited by the analog to digital
convede/s resolulion and by nonl neariliê3 in the re3istivê

Hewlett-Packard's HEDS-7000 series digilal potenliom€lêr
has many advantages over a slandaíd resistivê potentiomê-
ter lo oÍfer bolh êquiprnêni dêsignêrs and the end us€r:
. Hewleit-Packard s d gilai polenliomeler offers ínore ease

o1 design in a dlgital system lhan a standaíd fê3i3tve
pole.tioÍete'. Starda.d íesislive polenlioneters íeqJiíe
an analog 1o digital convert€r lor int€Íacê to a micro-
processor oí olher digital logic The HEDS-7000 s€riês
digital ouip'rl állows il lo b€ connêctêd dir€cíy to a

The HEDS-7000 series digilal pot€ntiometeÍ is morê
slable lhan a standard r€sistive ootentiom€têr, A stán-
dard oolentiomet€r has a 'wio€r" whlch contacts wlth a
surÍace whose íesislanc€ varios ov€rdistánce. This wipêr
and th€ resisiive malerial will w€ar wilh usá96 and may
bocom€ sl€ctrically 'noisy il dusl oí olhor matorial con-
lamanatss th€s€ coniacting suíac6s. The digital pol€n-
liomeleí us€s a non-conlacling oplic8lsysl€m íor sensing
shaÍl posilion which eliminates lhis ol€ctrical 'nois€"

Otten slandard resistive oolentiometoís aí6 limiled to
less than 360' ol angular movement. This results In a
"deadband' region which c€nnol be used. Hewlelt-
Pacxard'3 digilal potsntiom€t€rs can b€ lurned oveí an
unlimiled íange in 6ilher dirsction ol rolation and hence
have no useless "dêádband" rsgion.
The HEDS-7om series digiial potentlom€t€í is more
accurate lhan slandard r€sistive polentiometers. When
used an a dagital syst€m, a r€sistive potenliometer sufíers
írorn errors in lhe anaog to digite convgr6ion procsss
and Írom nonlinearities in th€ resistive contact sudaca.
As a resull, the oulput oÍ thê ana og to digitel convert€r
may not alwsys change by the samÉ count when ths r€-
sistivê poteniiorneters shafl s turnsd e specitied anguler
distance. (For example, the count might not always
change by 15 when lhe resistive potontiom€ter's shatt s
turned 15 angulaf dêgreesJ The HEDS-7000 series dlg tal
polentiometer oífers exce leni I neaíilv when used with
the circ!ils shown n this àDDlication nol€
Hewlelt-Packard's d gilal poieniioíneter oftêrs a longer
cycle liie lhan most slgndard Dolenliometers, The stan-
dard HEDS-7000 series digital polenliometef ls raled for
over 1 ínillion lurns ot its shaft. H ghef cycle ife digila
potenliomelêrs, with speclal lubricants lor êxiêndêd
bush ng life, are available. Standard resist vê potÉnliorÍ6-
leÍs are usually rated foí 50,000 to 100,000 cycl€s.

CIRCUITRY EXAMPLES FOR THE DIGITAL
POTENTIOMETER
Four c rcuits Íor lnteíÍac ng the digilál poientiomeier to
a m croproc$sor are examined in this sêclion. The liíst
c rcuit prov des digiial pu sê inÍoírnátion d íeclly to a

The sêcond and lhird circuils eínploy counters to interface
ih€ digial potentiometer to á microprocessor. The advan-
tage oi using counlers s thal ihe m cíoprocessor need only
inleíogale ihe counlers whên t rêquirês nfoímalion Írom
the pot€nliomêier. Thê countêrs keep track oÍ the present
poslt on oÍ lhê potenliometêÍs shali and wiI count up or
down d€pênding on whêther lhe shaÍl s turned in thê
clockw s€ or co!ntêrclockwise direction These c rcuils Íreê
the m croprocessor lrom the lask ol recomputing thê posÈ
tion ol the ootentiomet€r's shaÍl each iime the shaft is
tuhed, This a lows lhe microDrocessor lo spend rnore t me
pedorming processing Í!nctions olhef lhan moniloring the
oulplt oí the dig tal potênliomeler. The d sadvanlage oí the
s€cond and third circ!lts is thê added oarls count and cost
ov€r lhê diÍecl inl€rlace cifcuit.
Th€ lási circul is an example ol a digital potentiom€ter
dêcoding schome whlch should be usèd in applications
wheÍê visualte€dback is available, directaon oÍ shatt rotatlon
and í€laliv€ shaÍl mov€menl are imDonant, bul absolute
shaÍt posltion is óol crilical.

DÍ€cl Inlorírca Clrcdl
The oulpul oí the digilal potêntiomet€r can be íed direclly
to á microprocessoÍ using thê circuil shown in Figure 6.
74LS14 inverlers arê us6d in lhis circuil lo provid€ more
curróntlo dÍive the micíoprocessoí input porls. The74LS14
invêÍlêrs also hslp to "squaíe up' the digilal outpul when
tho oulput linês are load€d down by lhe microprocessor
Output channsls A and B oí lho digital polentiomeleí can
bo troatod as lh€ most signilicant bit and least signilicant bit
ot a two banary numbsr by the microprocessor. As lhe shaÍt
oÍ tho digital potsntiomêt€í is turned. the binaÍy numberwill
chang6. The microprocêssor can be progÍammed to d€ter-
mino wh€n the shaft is lurning clockw se or couniercock-
wiso by docoding the blnary oulput. To d€codê the oltplt
oÍ the potentiometer, the m cropÍocêssor must compsrê thê
presenl binaíy n!mbor on the polenllomster oltpul with thê
numbêr that was lÊst on lhe oltput and usê the lolow ng

Trbls 2. 74LSl4 Oulput Loglc Ttble
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A liming diagram for lhê quadíaiuíe decoding logic is '
shown ln Figure 8. The Íirst four wavefoíms on the diagraÍn
reprêsent the quadralure oulpul oÍ the diglral potenriometer
(4, and B) and their invêrse (A, and B). The wavêÍoÍms C, D,
and E íepreseni ihe outpLrts oí the three NAND gales and
the U/D and CP wavêÍoíms represent lhe direction and
clock pulse data iines respêciively.

Outpui channels A and B aÍê íêd inro 741514 Hex inverters
to orovide Á and É. The clock oulse nÍorrnation is decoded
by Íeêd ng À and B inlo a NAND gate lhal s connected to
an inverleí. The CP line goes io the high siate only when
both oulput channes A and B aíe low Slnce bolh A and B
are simultaneousy low only once every 360 electrical
degrees, this logic supplies clock pulses 1o the counters
whlch are equal in number to the number oÍ lines on the
ootentiometsis code wheê1.

The direction of íotalion information is decoded ÍroÍn ihe
quadralurc ouiput using two NAND gates and a D-typê pos-
nivê €dgê-rriggered F iÈF,op. Outpur chan,]els À ano B a€
íêd inio a NAND galê wh ch is connected to the F8-FSËT ol
tho Flip-F op. The ouipui oi the NAND gate is normally high
and goês low only when A ls low and B is high. Outpui
channêls A and E€r€ fed into anolher NAND gaie which is
connêctod lo lho CLEAR of thB Flip-Flop. This NAND galê
is normal y hlgh and go€s low only whên chánnêl A is high
and channel B ls 1ow. wh€n the output of the NAND galo
goes low, ihe outpui of tho F lp-F op ls cleaf6d. The O out-

Flguíê 6. Diecl hlerlacê Circoil

Advanced Mlcro O€vice8 AM25LS256g Countd Chcuil
This circuit employs AM25LS2569 counlers, These counisrs
require one data line to prov dê polênliomêter output pulse
(cloc$ informaiion and anoth€r data linê to orovids the
dir€clion of rotaiion oJ the potentiom€l€r's shafl. Ths pulse
and direcUon oÍ rotatlon lnJormation is decoded Írom lhe
digilal poteniiomelels quadralure output using threo HEX
inv€rlers, thre€ NAND gates, and a D-type positive edge-
Íigger6d Flip-Flop with presei and clear. The lmpe-
m6ntalion oí th€sê gates íor quadratuíe decodlng ls shown
ln Flgurê 7.
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Figurc7. Advahcêd Micro Dêvic* AM25LS2569 Counter Circuit
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put oí the D-type Flip Fop is connected io the counlers'
U ó l,le. By ,oo<ing ar rhe PFFSFT-.nd Cr TAF- ênrr ai on
a Flip-Flop og c rable, or al thê outpul waveÍorms in Figure 8,
It can be seen ihal lhe U/ó line íollows the Á channêl when
thê shaft is turning in thê countêrclockwisê d rêctlon
and channe B when lhê shaft is iurning if the clockwisê
diíêction. The Al\,425152569 counters determife wheiher a
p'rlsê on the CP line should incrêmenl or decremênt pres-
ent count by inteÍogating ihe U/D line when lhe clock

The u/D ine can be atached ro lhe Ó oulpur ol thê D Fl p-
Flop lo change thê direction shaÍt rotation to incrernent ttre
count. AlVl25LS2569 counleís provde a binary output Í
a BCD ouiput is fequired A[,425132568 counters may

7415192 Couniêr Ckcult
74LSl92 BCD decade up/down counteís arê used in this
clÍcuit. Thêse couniêrs require two data linês for countinq
operalions. The CPU daia Ine provdos pulses when the digi-
tal potenliometsr's shaít s turned ln the clockwise dircciion
Sirniary lho CPD data lin€ provides pulsos io thê counief
when the shafl s turned in th€ counlerclockwise diroction
C ock pu so and direction oÍ rotat on lnlormation is dscoded
Írom lhe dlgilal polenliomêtols quadralure outp!t using
four"two npui NAND gates, two{híee input NAND gates,
and a D"iyp€ posilive edge-lriggêred Fl p-Flop wiih preset
and clêar lmplenr€niation ot thes€ gaiês lor quadrature
decoding is shown in Figure LFrgurc 8. Tlmlng Dl.gr.m lor rhê AM251S2569 Counl€rClrcull

Figure 9. 74LSlS2 CountêÍ Clrcuh
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A timing diagram Íor the quadraturê decoding logic is
shown n Figure 10. The iirst Íour waveÍorms on thê da-
gram repíesênt the quadrarure ourpul oí ihe digiia
polent orÍaler 'A, à.o B dnd U-ei. inversÊ À. ald È . Tne
waveÍorrns O, and d represent the outputs of the Diype
Fip-Flop. ïhe CPU and CPD wavefoÍms represent the
clockwise and countêÍclockwise clock puise data ines
which are the ouiputs oí the thíee input NAND gaiês.

Output channel A is Íed inio both inpuls oÍ a two input
NAND gate lo providê A. Outpui channel B s trêatêd in a
s miaí Íashlon to provide B. Channels À and B are fed nto
a two lnpui NAND gate whose output ls cofnected io thê
PRESET oí the D-type Flip-Flop. Thls NAND qate's ouipui
is norrna ly h gh and wi I only go low when A is ow and B ts
high. Whên the output oí the NAND gate goes tow, ih€ Ftip-
Flop outpLr is sel 1.9h. OJtput chàrnê|., A aio B- a.e,ed
Inlo anou^er NA\D 9áre wnicr is conrecteO to rne CteAF-
of the Flip-Flop. This NAND gate ls norrnatly high and is
only set to the low slate when À ls high and B 9 low When
the ouipul ot th s NAND gate goes tow the Ftp-Flop's oul
pui is set low. Th€ Q output oí the D-type FliÈFtop s
NANDED wlth À and B to provide the CPu wavsform. The
CPLJ line is normally in ihe hlgh state and only pu sês wnen
lhe poisniiometels shàíl ls turned in the clockwise d r6c-
lion. Th€ 0 output oí the Diypê Fiip-Flop ls also NANDED
with Áand E to provide the CPD wáveíorm. Íhe CPo ttre ts
also normally in lhê high state and only plts€s when the
polentiometef's sháfl s turned n the couniêrctockwise

The CPU and CPD lines can be inteÍchangêd to reversê thê
dlrêction oÍ shaÍl roration to increment ihe counl. ti a binary
outpul is íequired trom thê couniers instead of a BCD oui-
put, then 7415193 counters may be used in ptace oÍ rhe
74LSl92 counteís.

Flgur€ 10, TlDlng Dlsgrlm íorthê74LS192 Count.r Ctrcutt
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Fique 11. D Flip-Flop Interlace Clrculr



D Flio-Flop Intêrlacê Clrcuit
Figure 11 shows a circuil which emptoys a D Ftip-Ftop to
decode the output oÍ the d gilal potentiometer. The ouiput
oi the D Flp-Flop and an AND gate aÍê used lo drive two
A[/25152569 counters. The AMD A|M25LS2569 counters
provide an êight bit binafy output which can be rêad by a
microprocessoí. Ahhough this clrcuir appears to bê a simple
method for dêcoding the potentiometeis oulput, lt is NOT
recomínended lhat the D Flip-Flop circuit be usêd lor this
purpose. The reason íor nol recommending the use of this
circu t is that the D Flip-Flop may not read all oÍ the outpul
pulses lroín the digital potentioÍneter when the d íection oí
Íotation oí the potenUometels shaÍr s changed. Foí ex-
ample, ií the digia potent omêter's shaft is llrsi tuÍned in
the clockwise direction, then stopped, and turnêd in the
counterclockwse direction, some of lhe pulsês in lhe outpul
of lhe digilal polênliometer will not be Íêad by ihe D Flip-
Flop. The result is that the dig ta poienliomoieis shafl can-
nol be moved Írom an initial posltion to a new position, then
the dlrectlon oÍ rolaUon of the shait be reversed and the
shaÍt be felurned to the initial oositon. with the same ln ta
count resulling on the AM25LS2569 counters,

The output of lhe D F iP.Flop, durng a change in direction
of th€ dig t€l polert oínetêr's sl"att, is sfow. ss th€ U dl.n€
in Figur€ 12. Thê actual change in dircciion of lhe shaÍt

occurs in lhe lime frame indicated on the timing diagram.
Durifg this time Írarne the B ouipul channel is in the high
state. The next posilive transiion oï th s linê occuís only
aher l.e -rclLà lr-dnge In d recror" ïre'íarrÊ. IhF U ó
line only changes stale wilh a postive transition oÍ B outpui
channe. ïhêreÍore, the U/ó tine does noi change srare
within this 'actual change oí difection lime hame. As a
result, the counters continue one couft in the wrong direc
t on before Íollowing the U/D line's command to reveGe the
diíêct on oí counting.

This counting eÍor does not occur every t me a changê in
lhe d Íêction of rotalion oÍ the shaÍt s made. lf the B chan-
nel outpul is in the low staie when the shafi's direci on is
changed, then the B channel and the U/Ó line wilboth
change slale beÍore the counier's LSB changes and no
couniing êríorwill resull.

Because ll is fot poss blo to know whether or noi an effor
iniheouipulwil occurÍor any single change n direciion of
the poiênliometêis shalt, ii is not íecommended ihàt this
circuit be used in appllcallons where the positlon oí the
shali musi corrgspond wth any parliculár nuÍnerical outpul
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Figurè t2. Tlmlng Dlaqram lorlhê D Fllp-Flop IntèÍace Clrcull
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Figuro l3r, HEOS-7000 S.í.. Olgllsl Polênllom.l€r Block Dlagf.n Showi.E lhe Opllonállndêr Pul.o Ch.nnsl

DESIGN CONSIDERATIONS FOR THE
DIGITAL POTENTIOMETER
HEDS-7000 S€rle3 Dlgltil Polentlomêter Opllona
The H€wlstl-Psckard HEOS-7000 seriss dlgllal potent om6-
iers are áva lablê with liv€ oot ons. Th6s6 ooliofs ars codê
wh€€lcounts, an index chánnê|, roiatlonal toíqu€ vaÍiations,
sháÍt l€nglhs, and cable lerminations. Check with lhe local
Hêwlett-Packard salss reorês6ntaUve for dèlalls about cosl
ánd availabiilv of lhssg ootlons,

Flgurê13c, Summlng Clllult lo Provldé DlBcretelhd.x Puh€ "Po"
Shown In Flguro 13b,

The íirst optlon is ths number ot counts on th€ code wheel,
Thê stánderd digltal polentiometer has á code wheêl wilh
256 counls. Olheí cod€ wh€€l counts ranglng Ííom lm to
5'12 counts p€í íevolution cán be oídered Ííom Hewlett-

an ootional ind6x pulsê channêlis availablo (channol l), This
lhifd outpll channel provd6s one pulse p6r r€vo!ton of
lhe code wh9€1. The index pulse can be used as a rêlerence
poinl which musl be passed lhrough each lime aíullrevolu-
tion of the code wheel is made. Note that the direction oÍ
thê rolat on of the codê wheel can only be deieminêd by
decoding lhê quadrature output oí channels A and B. A
block diagram wilh chanr€l I is shown in Figur€ 13a. Fgure
13b shows lhe oulput waveforms oÍ a three channel digital
polentiomeler. Figure 13c shows the ciÍcuilry required to
give the discíete index pulse logic stale Po" shown in the
oulput waveÍorm (Figure 13b)

3

Figua l3b. Íh@ Chánnel oblal Poienlionêlêí Ourput
Weloms
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The standard HEDS-7000 series digital potentiometer has
an inleÍnal spring to incrêasê the static iiclion and a ubri-
canl to incrcase ihê dynamic Íriction of the bushing. The
lubicant is designêd to make ihe shaÍt turn smoothly when
operated manually. The inleínal spring is deslgned to pre-
vent "backls3h" whên the operator lets go oi thê
potenUornêl6r's shaÍ|. For applicalions in which static and
dynamic Í cUon are noi dêsirablê, specia lubricants can bê
provided wh ch reduce lhe dynamic íiction oÍ the bushing.
The inleína spring in the poteniiomêteÍ can also be lelt out
oÍ lhe assembly to fêduce ihe slatic friction of the blshing.

The íourth optlon ls a choice oÍ two ditÍêrenl types oÍ cabies
Íor electrically conrecling the digital polênliometeí to the
s!pply voltage (+vcc), ground, and to thê oulput chann€s
A, B, and oplaonal channêl l. The tirst choice is a 6 inch, t0
connecloÍ íibbon cablê which is terminatêd in a Beíg
669m310 Quickie ll" Íemalê conneclor. The second
choice is ndlvldua , s x inch, co or coded leads coming oul
ol lhe polenliomelêr with no terminating connector. F gurê
14 shows the cabling oplions íor lhê HEDS-7000 series d g-
ilal polent omeler Olher cabl ng options may be avaitab e
from Hewlett-Packard,

The standard shafi lenglh for lhe HEDS-7000 seres dlg tal
potentomêler ls 0.50 inchês Oiher shaft lengths such as
0.31 lnches, ênd 0.81 lnchos are avaiiable. A shaft wilh a Ílat
s dê for kndo sllgnment ls also available.

Dlmêmlon8 ol lh6 Dlgll6l Polentiomêlêr
The dimensions oÍ thê digital poient omsi€r are shown n
Fio!íe 15.

Ribbon Cáblê Termination

Ptll !!!cr-gN

Color Codêd Wire Íêrmlnatlon

e9!9I qllcNÀroN
WHITE/BLAC(/RÊD CHÀNNËLÀ

Flgurê 14, Dlgilal Pot€ntlomêter Cábtrn9 Option.
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Flgurê 15, Dlgllal Potenllometer Dlmênsions



Assêmbly ProcêduÊ lor tho HEDS-7000 Seriês Digital

Thê procedure Íor front panel mounting a HEDS-7000
series digital potentiometer is as Íollows:

ÍVORE THAN 15 IN,L8 OF TORQUE ON THE EN-
CODER BODY WHEN TIGHTENING THE MOUNÍING
NUT ON THE BBASS BUSHING.

3. Connect the ribbon cable or wiíós as shown in th6
"Termination'diagram (Sêe Figure 14.). Be carêful not
to connect the output channêis A, B, or lto the supply
voliage (+vcc), lí the outpul channêls are connecled 10
lh6 supply voltage lhe dolêclor lCs wlll bê permanently
damaged.

1.

2.

Drill a 3/8 inch hole in the íronl panel where the digilal
potenliometer is to be mounl€d. Note ihat on the back-
side oi thê panel, clearances forth6 digiialpotentiomeiêr
bodyand ribbon cable are required.

lnserl lhê shafl oí the digital polênliometer through the
hole and tighten the 3/8-32 mounting nui on the
threaded section of the brass bushing. DO NOT PUT
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