LOW POWER SELF-LIMITING INPUT CIRCUIT BACKGROUND OF THE INVENTION [0001]The
subject matter disclosed herein relates generally to industrial controllers used in controlling industrial
machines and processes and, more specifically, to an input circuit configured to receive a signal from
the controlled machine or processes. [0002]Industrial controllers are employed in industrial and
commercial applications to control the operation of machines and processes. Generally the industrial
controller executes a stored control program to generate output signals controlling actuators on the
machine or process according.{q.i I cei fr e machine or process.
[0003]Industrial controllers di e%r%@n%%g\%]%%%% p(gtrgﬁﬁhp%%%l ?rlnfélreal-time control subject to
predetermined maximum delays. In addition, industrial controllers are normally constructed in a highly
modular fashion to permit their habeh &6 RObENCUSIDHiZEdNCEDITIaNNto different control applications.
In this latter regard, inputs and outputs to or from the industrial controller are normally handled by
inpugnyt (FO) madulas hahmay he. pttaghed fo s industial contiglerip differsnt compinations to
provide for the necessary electrical interface to the controfied mzlc%inery. Fac input moédule typically
includes a separtelinpundiretntiprovidireg anplrysicaicarnad eotricalecoiméstionapetweeriong of the
sensors and (e nesisialeaniiplien.T vicall (edaRus Sitcul for andaput module are grouped.
together on a circuit board for insertion into the input module. [0004]As is known to those skilled in the
art, tHEURpUt circuittgpitaihyeprovidas Bptensdie nBetwebintheosunersi b dipidtsissotamachine and

the industrialee@ntralles, T8 ARSICALISHIRYARDFRVLIS SRR 1T RXGRESIVRIGHEEDIR.ON the machine
side from damaging the industrial controller. The input circuit must also meet certain operating

standards, fOFEREMPROEECSPHNG HIHRGL O LRSIV SHEYG s aralfciomipril rareNBsnaisranteeing a
logical true, i@ Consitenahovaimeestaipyoliagn and(osCauanianddologicahfalss. af off, condition
below a certain voltage and/or current. Thus, input circuits have been developed to satisfy these
operating stANd&ils. [0005]Referring to Fig. 3, an individual prior art input circuit 2 is illustrated. The
prior HrGAput circuitdinchlidesia tenel o ter, copetatiogabSompurge suppresseriallimiidhe magnitude
of voltage seen by the rest of the input circuit 2. A current souyce 6 includes fwo trapsistors Q I, Q2
and two resfé’t‘gfé’yﬁ@ﬁﬁ%éﬂa Efscé%ﬁ%aﬁﬁreradf(dn&%’ﬁtgg the ci?}r?éc([nzlt'E 16?0%&%8“?8}tﬁ%“Fé° Bt 18 input circuit
2. The inputrciroalty2cfundtrertiviciud dsgivip cudieat finditingiogsistorshiRl, IR avaek aofiler circuit, including
the capacitar, L ANSLIENISIAN A MYENRIOUIARS ANt YONA0E (0 e ORIG:AOUPIEL 8, 4 Hlustrated,
the circuit inculu es twelve total components, eacﬁp(?ompone‘nt dissipating Eome'amount of power. In
addition, a cirteithoardionmihichdhamaperrdindist evoutdabe hodhidtrequirestspadéfor placement of
each of the fyyalye GRMRERANIS ANAJPT IR RROECHANSREWSL R RS SOMRANSARHIOQOB]AS the
complexity of the controlled machine or process increases, an increasing number of sensors are
provided to PROARBIYPBEAMGASSAY &lesgine! trteTfadtriicontrolled raeplireana dmgkdmwtding increase in

the number@&&%{ﬁ{@ﬁi%&ﬂﬁ&%@%@&@%ﬁ@ IRk Janasdorpachiohine sensars. The number

of input modules and/or the number of input circuits per input module must also increase. Increasing
the number SPRSHBIHIRG i @4 8ks s ep Ared Wsciiitutitial s WBrisred eRisaly SidnpBteasing the
number of igpLkigircyits AN Neuineduedpeiaasesdhennowrndissipated inthe.mpgyigcAt least a
portion of theg)ower dissipated in each module is dissipated as heat, requiring additional heat sinks,
fans, or oth8HEb 8§ rethods to transfer the extra heat from the input module. Thus, it would be
desirgisleso providesds knpuwhaischitsbakingllawee pawre GoRSYRREHOREEIWHIGh feguikasdess space on
a circuit boa;ggra?’c'?'%e':mt?ﬁsl RI‘PTEI_OI F THE INVEI§T ION [t 007#The.sy[:§ect ﬂ‘uattegr disclosed herein
describes ah IHPUFCreUFTOF & THBIt S JdGRS HaTiRE 4 Pt 6 Bt 8RR IHBut EiiCuit has a
reduced numberlokchmpoprents;provicingearinereasedrumbetiof inpliissdthén@minput module of
comparablesize 8 LAY AL DL mAREs QRIANIAAAN INRYL OGS Naving Tk pumber of inputs
with a reduced size“in comparison to prior art mph? modules. The redtced numper otf%mponents
similarly redifsekdie owenalibsipatadiby exciydmdutpitcuillae0as]Accopdingtersnendmbodiment of

the inventio@nzﬂ%@@i{ﬁ&cyﬁ)@%g@%@, i&d('ﬂrc,‘tgﬁldition above a certain voltage and/or current and a

logical false, or off, condition below a certain voltage and/or current. Thus, input circuits

have been developed to satisfy these operating standards.



controller includes a first terminal and a second terminal configured to receive a voltage potential, and
the first terminal is configured to be a positive terminal for the voltage potential with respect to the
second terminal. A zener diode having a cathode and an anode is electrically connected via the
cathode to the first terminal. The input circuit further includes a current limit diode having a cathode
and an anode and an opto-coupler having a light emitter and a photosensor. The anode of the current
limit diode is electrically connected to the anode of the zener diode, and the light emitter is electrically
conngctggg)in serie ti?tv,veen }#e %a'ghod .of ther\ current limit diode and the second terminal.
[00081A2Rbrding td SIFEHREr ot AT b A RUEREB AR FHSHE crt 1T 4fdinUE Ridtule in an
industrial contriafier iichidesmaiiputeanfigiuRoiosective & mrggohdirctauremniitKs) voltages, a
zener diodeI elgi(]:ittrlilggll(}% con £1anected o the ingtut i‘tqloperatte.in a t;regkdownt region Ig\meg 1e DC voltage
is applied to tHe INpUt, a current it diode electheany coRhectad i SBRas Wit the ¥eherdiode to
operate in aearensilimmitig ragdedviven:thsiDE Rbliaderd apphdgicthe inputlahe amrepto-coupler
having an i - ically.isolated outpuy. ITItP\ input of the.opto-coupler,is electrically connected
to the serie%?gg}?r?é%tge%%z%riﬂdﬁ%%dieﬁ;% lci:%#g;ﬁt m%t%%l({:lé”gﬁlf %gug% fcléff)fil/% %%Ig%vé) Smbrfj{t of the
opto-coupldirgémersassiersiyhdl irat colilespondy. toedudgicahtreaaviten theBGosoitagB s applied to
the input angha-Jogicel false when MR \RIAEE iEJeMmevediam. the:laput. [9AITERE and other
advantages and features of the invention will become apparent to those skilled in the art ?rom the
detailed ded¥iption At rROBEESpEN AP ERaNIAGSIPRIEHOWN b aMé ftoed sholever, that the
detailed des@rRtign AReaRRRWNGArAwings: while: indisaling. Rrefered.embadimentg,of the
present invention, are given by way of illustration and not of limitation. Many changes and
modificatiori’slaﬁ‘?ﬁﬂ/aﬁb(’#ﬁﬂg ﬁhﬁw“fﬁé"%&@ﬁ@%‘ﬁ?f@ ﬁ?@é@ﬁﬁmﬁﬁﬁﬁtw&hbﬁt‘“ﬂ’éﬁé%ﬁng from the spirit
thereof, and hgémeantion includes all such modifications. BRIEF DESCRIPTION OF THE DRAWINGS
[001]#% rious exemplary emﬁodime s of the subject matter disclosed herein are illustrated in the
acco %@ ing draWinigs SRR e TR dRere PEBIESENIKEPSHSIHRSIGHIGE, and in
which: [0012}k&zr biiscamvisameairic gikgladedniienopban @xempiasaindustialsantrelatrollerillustrating
an input morcéulerci:rS]cor rogatinl%oqe e‘mbodimt nt of tge ir}\zention;i‘({).(t)l%lg}q. 245 a block diagram of a
simplified inpat moduie 6f g, Lproviding muttipie De Shput Gifaite Seeb g s ShE 8mbodiment of
the presentiipention]{0024HE o Btis: acsshemitic neprieseritatpon wbdupricmarsinpubenduit; [0015]FIG.
415 a schemagic, epiessoialianef AdoRubelaHt ageRicling;fo.008, eTIROCMEnt gf e present
invention; and{TB 16JFIG. Bis graphical representation comparingthe curren drawn at varying
voltages byreabHasfitkiecingruthei spaits e Eitgd. 18 ainchfro|GOLTHnrdesdritingting varimustembbdiments of
the inventiop,whigh.gre Hustialed-n 40k drawings.snralfic srminalegy il e esoltqd g for the sake
of clarity. However, it is not intended that the invention be limited to the specific terms so selected and
it is understsIHIAAE ExcPrsfsacifeiteitd incudesiite dhAitapagdivaleats vvich opeditenal a similar
manner to aeeERHNISRaAsSEPUalPUHBASE TrAh SXA RIS IRE ML HRBNE SR the 1AlAChEd, - OF terms
similar thereto are often used. They are not limited to direct connection but include connection through

other eleméRtdilheld&udntBihBES5HTDIE LOGHZEL 48 DN SetNMEREd)SbREYEilled in the art.
DETAILED RESGRIBT Habh @R A HERRERERRER EMBARIMENTS [0018]Turning initially to Fig. I, an

exemplary industrial controller 10 incorporating one embodiment of the present invention includes at

least one input module 30.%&% giodule 30 is depicted in a first embodiment implementing
-chassis 1/0" where the inp d ?Qﬁo%glﬁg%%ﬁ%’}%@%e slidably received within a

chassis 12 along with
10007] The subject matter disclosed herein describes an input circuit for an input module

having a plurality of inputs. Each input circuit has a reduced number of components,
providing an increased number of inputs within an input module of comparable size (o
prior art input modules or providing an input module having a like number of inputs with
a reduced size in comparison to prior art input modules. The reduced number of

components similarly reduces the power dissipated by each input circuit.

-



other input modules (not shown), output modules (not shown) and/or other modules including a power
supply 14 and a programmable logic controller 16. The chassis 12 may have a backplane 18 providing
a set of releasable electrical connectors 20 interconnected by a backplane bus 22 extending along a
rear wall of the chassis 12. A corresponding connector 34 on the rear of the housing 32 of the input
module 30 mates with the releasable connectors 20 when the input module 30 is placed within the
chassis 12 providing electrical connection, for example, between the programmable logic controller 16
and the circuitry of the input module 30, The bus 22 is typically a highspeed serial bus providing
efficiEfit thhulti-bit CORTATERMEALIGAS PREUTRF IS GFRTUBIAISESH SMEP L B85 EFAs the power
supply 14, pregrEemabiaidegiccondaiiesn had andooiibkinpuhlandonouiputreedyles{natshown) may

have similar contrg‘%cg%rd'st 20.and 34, far.this pur . [0019]The front faceplate 34 of the input module

ose
S0 may opd 1) oA 5F S ShiH T WG LD FRRHTA RTOR SCRE enia s 4485 hich wios may
be connectedttatcidmeactantern@l iinpstconduisniftheAnputmideidé S0nto various: sadsers 26 or other
devices proyiding input sigpals 28 correspanding tq the rating sta f a controlled process.
Indicator Iigﬁ(s)(%%sc%)?%%gg ndto %eaccg:)%ééf %?éed“lﬁ%?eg ﬁtt?ntpglﬁ%’%cheggﬂ%ﬁtg ShIglr(i (%I'elpt%pﬁg{r”ﬁ é%lar input
terminals 40usthdr anel phbsitonow ol e visildie tirogghcatbededBDaprathdefrodt da oeplateulir
[OVZ0IReTeifinchD Q% If Eifnfer T INPHEBIGALIE Sh05GsICS e IR PIARATRiAR4L the Mput terminals
40. Each input signal"28'is converted by an input circuit 60 to a digital signal 42."According to one
embodimerfiesttisalinventiencicheligivdr sig Al 42 vedreise ats! sipbida lomites iy shiedifallse state,
where the logicaliciresstptenisaRpsiiveyoliage apdiiedogicrldalse.isR-nemipally zero voltage.
The indicator lights 38 are connected to the digital signals 42 by appropriate amplification circuitry to
provide a vi§tfitAblication to the user of the state of the particular signal 42. In addition, the digital
signals)d® are eackhcpsayicied i aneneasian skstd s wiishiacelyasthedigitabsignals42 and
converts them to a format suitable for communication to the programmable logic controller 16 via the
backplane T&4Hd méﬂé&ﬂﬂ@@ﬂ%ﬁ@%ﬂlfﬁ&?&&iﬂéﬁ&@%&%@ﬁ%ﬁﬁ'@cmm FRB8ERY SY=Hhile only
four input cieiis: G0EY edhQw 2 asniantbieaktieiimaynhavedaigiie ssiaen oiftiFiy=twae, or various
other numbers oé i\r;vput circuits 60 ar:ﬁ(? corres onding set gf ingut terminal§,40 nd input circuits 60.
(00211 TurniAGHENF D ERC A V8 TSt Cir B0 SHRKANG eeoRREABEEMEHTEFHEShvention includes
a pair of inptdeimainalsd@cidinstéeirminah 44 iscaondigdrad tpeaceivesthennpuissignalnadd a second
terminal 46,5, onfigured ip, provide the fein, paih, sempleting tha cifeul beteen the device 26
providing the inpu sngna? and the Input modu éhé} : pﬁona?ly? the Secon fe?mina‘lifg may be a
ground terneirialady asebtadnantermibalinwiteretbecomarsonptier msinikisi geheratlycatsdut zkeo volts but
may not be digetly caonaciatiae draunt ARARIINGJO S ADBIELAMBANIESNL, IS pecond

r
terminal may be internal to the input module 30 and a common connection made between the second

terminal 46'B¢ ANIMGEABIIH GERFEIRESAE0LTRH B DT EHUIIE 60 fultiseairithadelen therddl divdes2, a current
limit diode 70, and. &0, ORtossarplar.80. Rizadelares wapan aptical isAlR Fog %ﬁ@ﬁép%ode 62

includes a cathode 64 and an anode 66, where the cathode 64 is electrically connected to the first
termif&f 4. The clibrehenfpAbady 7 setddd et Eina B AtHb Bee e PRI hE anode 72 of

the current {igit diodier 70 ds-electigall connratedtasheanede s af iharenendiode. 62, The

opto-coupler 80 includes a light emitter 82, such as a light emitting diode (LED), a photosensor 86, and
a dedicated MYHE ParasrBatlesr heTighitdhsider Bl ra s BRAILATO8IEBY R light emitter is
electrically epviegted il Seideshetweanribe catbadeekd of the puseantlinitidiode: d.anpdihe second
terminal 46. The aytput 90 of the phatosensor 86 transmits the digital signal 42 [0022]In operation, a
device 26 GEROMS A BT SR DTS oSO T 468 BLPRIG SIS BHE Eifolled machine
or process.wikiernnpusignal 28 is¢samsiitiedio ik @nel gfatie dripuh teinsirala oeof thedinput module

30. The inp tQSIiKﬁ,réa{.gg f’gc girefﬁ%gg&q%fg%gtyglgage preferably in the range of 10-32 VDC and is
received at the Tirst terminal 44. The ampli ude of current for the input signal is preferably greater than

or equal to 2 mA. The second terminal 46 is connected to a common voltage potential, which is
typically near zero volts. AccoBligRddizé Bk daimnendt Dith® RveAtsns the second terminal is
connected to an earth ground. [0023]When the input signal 28 is present at the first teiminal 44, the
voltage potential between the first terminal 44 and the second terminal 46 causes the zener diode. 62
to operate in its breakdown region. During operation in the breakdown region, the voltage potential
across the zener diode 62 is greater than its breakdown voltage and the zener diode allows current to
flow in the reverse direction through the diode. According to one embodiment of the invention, a
breakdown voltage of approximately 3 VDC is selected. However, zener diodes of varying breakdown
voltages may be selected without deviating from the scope of the invention. Thus, the zener diode 62
blocks current flow through the input circuit 60 when the voltage potential between the first and
second terminals 44 and 46. respectively, is less than the breakdown voltage and permits current flow
through the input circuit 60 when the voltage potential between the first and second terminals 44 and

46, respectively, is greater than the breakdown voltage. [0024]when the input signal 28 is present at
tha firet terminal A4 the voltane notential hetween the firet tearminal 44 and the cecond tarminal AR alen



transmission to the programmable logic controller 16. With a suitable voltage potential, typically about
0.7 VDC, and forward current present at the LED light emitter 82, the LED 82 generates photons which
are, in turn, transmitted to the photosensor 86 via the dedicated light path 84. If the voltage potential at
the LED light emitter 82 increases, the LED 82 continues to generate a substantially constant stream
of photons such that the isolated digital signal 42 is not affected by sudden transient voltage spikes
across the LED 82. [0026]The input circuit 60, according to one embodiment of the present invention,
coan(g)j range Qf DC input voltages to an isolated digjtal signal 42 with fewer components and at a

lowe r level tHEIPHE TP AR SRR MRS Ry TR dSHBSTEBHDR Gicuit elements

shows that thespredant b astbhpaauingditvelives devibes Whd e-thetaput.siceuld S3racsarding to the
illustrated embodimen requirgsrjusﬁ.ttﬂree devices. Thus, the input circuit 60 according to the

. aBs roug tan1W1%: . . N . . . .
illustrated efbodiment of the present invention realizes a significant reduction in area on a circuit
boardtd Mount eacliof hexevicesiard;tbdud electsical travesor iMesadrineatiotis; between the
devices. [0GR{IRGIRING,AISPIRLIR i NS InRHE Gieul BAAceRI ANg. (0 (e Mlystrated embodiment of
the present inventiori operates with reduced power consumption comparegl 16 the prior art circuit 2.
The §vaphl line 106 ¥hains aHBcskirdeyr sorductecpinlthimputcidalit 60 of therikidinated embodiment of

the presentlmvsgféqsdmpwﬂ?{s'mmi&g(?@n@a’a%emw8?&%@@?@@4&9@&&%@% MA across the

range of operating voltages (e.g., 5-32 VDC) that may be present at the input terminals 40. In contrast,
the pi8d 4rt circuitidEnduetesr bemaiar eprepmtaiinn SIbayi i sy preditrent to about 4.5 mA at 32

VDCihs4$ knowngifsthe; at theRaweL,censHaed it &Ry Rirsnitis.deiarmingd y multiplying the
amplitude of the current by the amplitude of the voltage. Thus, over the same range of voltages, the
prior art cir@RPoRBIBLRIE TSGR BsHiing in greater power losses, than the input circuit 60

accofding]to the illpgtrated.embadimes-efdhediesenbinvention R0z alshatid e understood that

the invention(é's not Iimit(‘erjd f|#t| s application to the details of construction and arrangements of the
Teir,

componentS YEERSBY Fi PhE I SHEBHIS H8abIE 8T Sther embodiments and of being practiced or
carrigehout in varidusiwvaysiny asiationsiarehmadificationsofthenfaregoing ateiwithindhenscope of the

present inv%netigrrg._ Iltn%L-SO bei? Eundersltqu t]g!%%the invgﬂtio%d' clc%j(ed {;ﬂd defined herein extends to
all alternative COMBITALIINS Of tWo OF More of the TRTUTUS! R S8 Ut B0&HEEnt from the text
and/or drawings.iélirefethése ttifferenticombinatiohs chasptuifvernas scadtérnati@agpects of the

present invepion L eMARHINeNtS SesciiPRMICIRIn. SPIan g, esl. ades Kaoun for practicing the
invention and will enable others skilled in the art to utilize the invention™ Parts List Part No. DeSCI‘IptIOH
7 Prior art stinpest witpnir to accomplish a similar purpose. For example, the word “connected.”

“attached,” or terms similar thereto are often used. They are not limited to direct

connection but include connection through other elements where such connection is

recognized as being equivalent by those skilled in the art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] Turning mitially to Fig. 1, an exemplary industrial controller 10 incorporating one
embodiment of the present invention includes at least one input module 30. The input
module 30 1s depicted 1n a first embodiment implementing “chassis [/ where the input
module 30 has a housing 32 that may be slidably received within a chassis 12 along with
other input modules (not shown), output modules (not shown) and/or other modules
including a power supply 14 and a programmable logic controller 16, The chassis 12
may have a backplane 18 providing a set of releasable electrical connectors 20
mterconnected by a backplane bus 22 extending along a rear wall of the chassis 12, A

corresponding connector 34 on the rear of the housing 32 of the input module 30 mates



Prior art - zener diode Prior art - current source Prior a- opto-coupler 0 2 Industrial controller
Chassis 4 6 18 Power sup ly

with the releasable connectors 20 when the input module 30 is placed within the chassis
12 providing electrical connection, for example, between the programmable logic
controller 16 and the circuitry of the input module 30. The bus 22 is typically a high-
speed serial bus providing efficient multi-bit communication. The other modules of the
industrial controller 10, such as the power supply 14, programmable logic controller 16,
and other mput and/or output modules (not shown) may have similar connectors, 20 and
34, for this purpose.

{00191 The front faceplate 34 of the input module 30 may open by means of a swinging
door 36 to reveal a set of screw terminals 40 to which wires may be connected to connect
internal input circuits of the input module 30 to various sensors 26 or other devices
providing input signals 28 corresponding to the operating status of a controlled process.
Indicator lights 38 correspond to each of the different input circuits and hence to
particular input terminals 40 and are positioned to be visible through a bezel 39 on the
front faceplate 34,

[0020] Referring now to Fig. 2, the input module 30 receives the input signals 28 at the
input terminals 40. Each input signal 28 is converted by an input circuit 60 to a digital
signal 42. According to one embodiment of the invention, each digital signal 42
represents a logical true or logical false state, where the logically true state is a positive
voltage and the logically false is a nominally zero voltage. The indicator lights 38 are
connected to the digital signals 42 by appropriate amplification circuitry to provide a
visual indication to the user of the state of the particular signal 42. In addition, the digital
signals 42 are each provided to an encoder circuit 50 which receives the digital signals 42
and converts them to a format suitable for communication to the programmable logic
controller 16 via the backplane 18 and the connector 34 on the rear of the housing 32 of
the input module 30. While only four input circuits 60 are shown, an input module 30
may have eight, sixteen, thirty-two, or various other numbers of input circuits 60 and a
corresponding set of input terminals 40 and input circuits 60,

f0021] Turming next to Fig. 4, the input circuit 60 according to one embodiment of the
invention includes a pair of input terminals 40. A first terminal 44 is configured to
receive the input signal, and a second terminal 46 is configured to provide the return path,

completing the circuit between the device 26 providing the input signal 28 and the input

h



Programmable logic controller Backplane 20 Releasable connector 22 26 Bus Device 28 Input
signal

module 30. Optionally, the second terminal 46 may be a ground terminal or a common
terminal, where a common terminal is generally about zero volts but may not be directly
connected to the ground. According to still another embodiment, the second terminal
may be internal to the input module 30 and a common connection made between the
second terminal 46 of multiple input circuits 60. The input circuit 60 further includes a
zener diode 62, a current limit diode 70, and an opto-coupler 80, also referred to as an
optical isolator. The zener diode 62 includes a cathode 64 and an anode 66, where the
cathode 64 is electrically connected to the first terminal 44. The current limit diode 70
includes an anode 72 and a cathode 74, where the anode 72 of the current limit diode 70
is electrically connected to the anode 66 of the zener diode 62. The opto-coupler 80
includes a light emitter 82, such as a light emitting diode (LED), a photosensor 86, and a
dedicated Light path 84 between the light emitter 82 and the photosensor 86. The fight
emitter 1s electrically connected in series between the cathode 74 of the current limit
diode 70 and the second terminal 46. The output 90 of the photosensor 86 transmits the
digital signal 42

[0022] In operation, a device 26 generates an input signal 28 corresponding to the
operating status of the controlled machine or process. The input signal 28 is transmitted
to the one of the input terminals 40 of the input module 30. The input signal 28 is a
direct current {DC) voltage preferably in the range of 10-32 VDC and is received at the
first terminal 44. The amplitude of current for the input signal is preferably greater than
or equal to 2 mA. The second terminal 46 is connected to a common voltage potential,
which 1s typically near zero volts. According to one embodiment of the invention, the
second terminal is connected to an earth ground.

[00237 When the input signal 28 is present at the first terminal 44, the voltage potential
between the first terminal 44 and the second terminal 46 causes the zener diode 62 to
operate in its breakdown region. During operation in the breakdown region, the voltage
potential across the zener diode 62 is greater than its breakdown voltage and the zener
diode allows current to flow in the reverse direction through the diode. According to one
embodiment of the invention, a breakdown voltage of approximately 3 VDC is selected.
However, zener diodes of varying breakdown voltages may be selected without deviating

from the scope of the invention. Thus, the zener diode 62 blocks current flow through the



30 Input module 32,11 _Hio_tisin _ 34 Connector 36 Swinging door 38 Indicator light 39 Bezel 40

input circuit 60 when the voltage potential between the first and second terminals 44 and
46, respectively, is less than the breakdown voltage and permits current flow through the
input circuit 60 when the voltage potential between the first and second terminals 44 and
46, respectively, is greater than the breakdown voltage.

10024] When the mput signai 28 is present at the first terminal 44, the voltage potential
between the first terminal 44 and the second terminal 46 also causes the current limit
diode 70 to operate in its current limiting region. A current limit diode 70 requires a
minimum voltage at which the current limit diode 70 begins to conduct current. With a
small increase in the voltage potential across the current limit diode 70 from the
minimum voltage, the magnitude of current conducted through the current limit diode 70
quickly rises from zero 10 a maximum current value. As the voltage potential across the
current limit diode 70 continues to increase, the magnitude of current conducted through
the current limit diode 70 remains substantially constant. The magnitude of current
conducted by the current limit diode 70 is chosen according to the application
requirements. According to one embodiment of the invention, the current limit diode 70
is selected to conduct about 2 mA, corresponding to a desired forward current for the
LED light emitter 82 in the opto-coupler 80. However, current limit diodes of varying
current ratings may be selected without deviating from the scope of the invention.

[0025] The opto-coupler 80 provides an isolated digital signal 42 suitable for
transmission to the programmable logic controller 16. With a suitable voltage potential,
typically about 0.7 VDC, and forward current present at the LED light emitter 82, the
LED 82 generates photons which are, in turn, transmitted to the photosensor 86 via the
dedicated hight path 84. If the voltage potential at the LED light emitter 82 increases, the
LED 82 continues to generate a substantially constant stream of photons such that the
isolated digital signal 42 is not affected by sudden transient voltage spikes across the
LED 82.

[0026] The 1nput circuit 60, according to one embodiment of the present invention,
converts a range of DC input voltages to an isolated digital signal 42 with fewer
components and at a lower power level than the prior art circuit 2, illustrated in Fig. 3. A
comparison of circuit elements shows that the prior art circuit 2 required twelve devices

while the mput circuit 60 according to the illustrated embodiment requires just three



42 Input terminal Digital signal 44 Lfirstierminal 46 Second terminal 50 Encoder circuit 60 1 Input

circuit 62 1, Zener diode 64

devices. Thus, the input circuit 60 according to the illustrated embodiment of the present
mvention realizes a significant reduction in area on a circuit board to mount each of the
devices and to run electrical traces, or interconnections, between the devices.

[0027] Referring also to Fig. 4, the input circuit 60 according to the iliustrated
embodiment of the present invention operates with reduced power consumption
compared to the prior art circuit 2. The graph line 100 shows the current conducted in the
input circuit 60 of the illustrated embodiment of the present invention. The current limit
diode 70 maintains a substantially constant 2 mA across the range of operating voltages
(e.g., 5-32 VDC) that may be present at the input terminals 40. In contrast, the prior art
circuit conducted 2 mA at 5 VDC and slowly increased in current to about 4.5 mA at 32
VDC. Asis known in the art, the power consumed in a DC circuit is determined by
multiplying the amplitude of the current by the amplitude of the voltage. Thus, over the
same range of voltages, the prior art circuit 2 conducted more current, resulting in greater
power losses, than the input circuit 60 according to the illustrated embodiment of the
present invention.

[0028} It should be understood that the invention is not limited in its application to the
details of construction and arrangements of the components set forth herein. The
invention is capable of other embodiments and of being practiced or carried out in
various ways. Variations and modifications of the foregoing are within the scope of the
present invention. 1t also being understood that the invention disclosed and defined
herein extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text and/or drawings. All of these different combinations
constitute various alternative aspects of the present invention. The embodiments
described herein explain the best modes known for practicing the invention and will

enable others skilled in the art to uttlize the invention
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Parts List

Part No. Description

2 Prior art — input circuit

4 Prior art ~ zener diode

6 Prior art — current source

8 Prior art — opto-coupler

10 Industrial controller

12 Chassis

i4 Power supply

16 Programmable logic controller
18 Backplane

20 Releasable connector

22 Bus

26 Device

28 Input signal

30 Input module

32 Housing

34 Connector

36 Swinging door

38 Indicator light

39 Bezel

40 Input terminal

42 Digital signal

44 First terminal

46 Second terminal

50 Encoder circuit

60 Input circuit

62 Zener diode

64 Cathode of zener diode

66 Anode of zener diode

70 Current {imit diode

72 Anode of current limit diode
74 Cathode of current imit diode
80 Opto-coupler

82 LED of opto-coupler

84 Dedicated light path of opto-coupler
86 . Photosensor of opto-coupler
90 | Qutput of opto-coupler
100 Plot of power for present invention
102 . Plot of power for prior art
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claim: 1. An input circuit for an industrial controller, comprising: a first terminal and a second
terminal configured to receive a voltage potential, wherein the first terminal is configured to be a
positive terminal for the voltage potential with respect to the second terminal;

We claim:

1. Aninput circuit for an industrial controller, comprising:

a first terminal and a second terminal configured to receive a voltage potential,
wherein the first terminal is configured to be a positive terminal for the voitage potential
with respect to the second terminal;

a zener diode having a cathode and an anode, the cathode electrically connected to
the first terminal;

a current limit diode having a cathode and an anode, the anode of the current limit
diode electrically connected to the anode of the zener diode; and

an opto-coupler having a light emitter and a photosensor, the light emitter
electrically connected in series between the cathode of the current limit diode and the

second terminal.

2. An input circuit for an input module in an industrial controlier, comprising:

an input configured to receive a range of direct current (DC) voltages;

a zener diede electrically connected to the input to operate in a breakdown region
when the DC voltage 1s applied to the input;

a current limit diode electrically connected in series with the zener diode to
operate in a current limiting mode when the DC voltage is applied to the input; and

an opto-coupler having an input and an optically isolated output wherein the input
is electrically connected to the series-connected zener diode and current limit diode and
the optically isolated output generates a signal that corresponds to a logical true when the
DC voltage is applied to the input and a logical false when the DC voltage is removed

from the input.

3. The input circuit of claim 2 wherein the range of DC voltages is between 10

volts and 32 volts.
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a zener diode having a cathode and an anode, the cathode electrically connected to the first terminal;
a current limit diode having a cathode and an anode, the anode of the current limit diode electrically
connected to the anode of the zener diode; and an opto-coupler having a light emitter and a
photosensor, the light emitter electrically connected in series between the cathode of the current limit
diode and the second terminal. 2. An input circuit for an input module in an industrial controller,
comprising: an input configured to receive a range of direct current (DC) voltages; a zener diode
electrically connected to the input to operate in a breakdown region when the DC voltage is applied to
the input;  a cugentdimjhdiadeielgclisalyarRpngaieshipsarias withibe aenepdiade to operate in a
current limiting mode when the DC yvoltage is applied to the input; and an opto-coupler having an
input and arFOpHEAMT g0t t%gtﬁ‘ﬂp‘ﬁdﬂgsr’ein the input is electrically connected to the
series-connected Zeriée dhpdecandtcdient [whdivdehang thédptical yiisatatedautdut generates a
signal that cgrrespands 1o a logical true when the DC voltage is applied to the input and a logical false
when the DC voltage is removed from the input. 3. The input circuit of claim 2 wherein the range
of DC voltages is between 10 volts and 32 volts. 4. The input circuit of claim 3 wherein an

amplitude of currept ahéhapirpitistGRaMen Hanneawatia 2miliamRsnfigurdd 1 hadnrut circuit of claim
2 wherein the ingut incluﬂe“sz.tg.ﬁr ttermin?l d secong erminal .6. The input cjrcuit of claim 5
S

wherein the ¥ &i3ePHRIA NG r80s Fedaive 4875 R4 BS?%?R%‘WW hEPASEESE DC voltages
and the sectine: tenménglis configurashtodoensdageated to one of a common and a ground. 7. The
input circuit of claim 6 wherein the second terminal is a shared connection between the input circuit
and at least one other input circuit on the input module. 8. The input circuit of claim 6 wherein
each of the first and b oMIEriTiialckia donhgaie hesrersiierainad sasbaré saaristsmexternal to the

input modulgetweenSnd ipunardugitedibObeloin: mhensin theulsh emipal Asgemrfigured to receive an
electrical conductor external to the input module and the second terminal is configured to be

connected internal to the input module.
8. The input circuit of claim 6 wherein each of the first and second terminals are

configured to receive an electrical conductor external to the input module.
9. The input circuit of claim 6 wherein the first terminal is configured to receive

an electrical conductor external to the input module and the second terminal is configured

to be connected internal to the input module.
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