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APPLI CATI ONS [00011-- STATEMENT REGARDI NG FEDERALLY
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BACKGROUND OF THE | NVENTI ON [ 0003] The present
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ang, 4N j r rr -loop circuits used to
coebinRAT bR TIO, @g\@ﬂm URING BIREGTRIBliCK
and processes. [0004] 1\RXAIE']EEH:B‘urrent-Ioop circuits
are used to provide electrical signals to a variety of
i ndust ri al CHeWSCREFERBNCE ATED XBPRFEARIONS O
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for a solenoid valve to approximately 0 ohms for a panel meter. To provide adequate range of
currents for these different loads, typical loop driving circuits are provided with compliance
voltage sources of at least 24 volts.

[0006] While the original current-loop circuits operated in a binary mode, current-loops are
also used to provide for "analog" control of current providing any current within a
predetermined range of currents.

[0007] The power dissipated by a current source used in a current-loop driver will depend on
the excess compliance voltage beyond the voltage needed to provide the desired current output.

Thus, while it is desirable to have a high compliance voltage to provide high current outputs to




Thus, while it is desirable to have a high conpliance
voltage to provide high current outputs to 1 high
resi stance | oads, such high conpliance voltages can
produce hi gh power dissipation in the current drive
circuits when | ower currents are output or |owered
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mpu%%eﬂ a%rally connects the supp y vo tage gh an inductor to a load terminal to control
the current to the load according to the control value. When the supply voltage is not
connected to the inductor a diode continues the current to the load terminal. All the solid state

switches of the switching device operate exclusively in a switching mode being driven to either




the current to the | oad according to the contro

val ue. When the supply voltage is not connected to

the inductor a diode continues the current to the | oad

terminal. Al the solid state swtches of the

swi tching device operate exclusively in a swtching

node being driven to either 2 fully on or fully off
current fro switching circuit
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The switching circuit

S ) IR A,
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transient response.

[0020] The switching circuit may include a first solid-state switching device connected from
the supply voltage through an inductor to the load terminal and a second solid state switching
device connected from a ground through the same inductor to the load terminal, the switching
devices being activated alternately.

[0021] 1t is thus another aspect of at least one embodiment of the invention to provide a

switching circuit that actively pulls the output either high or low for rapid transient Iesponse.




t he supply vol tage through an inductor to the | oad
termnal and a second solid state switching device
connected froma ground through the sanme inductor to
the load termnal, the switching devices being
activated alternately. [0021] It is thus another
aspect of at Ieast one enbodi nent of the invention to
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il r i u'
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[0030f Fig. §is Dschematic diagram of the converter of Fig. 5;

[0031] Fig. 7 is a set of plots of voltage versus time for different points in a schematic of Fig.
6; and
[0032] Fig. 8 is a block diagram of the principle components of the invention as may be

mcorporated into a single integrated circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0033] Referring now to Fig. 1, an industrial control system 10 may include a controller 12, for




[0031] Fig. 7 is a set of plots of voltage versus tine
for different points in a schematic of Fig. 6; and
[0032] Fig. 8 is a block diagram of the principle
conmponents of the invention as nmay be incorporated
into a single integrated circuit. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT [0033] Referring nowto
Fig. 1, an industrial control tem 10 may incl ude
e"a%%t PRSP & Sjoreg grogram @%é‘??p@étm é'élul@dqﬁ@wbp@@w ddjor the like.
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netwesk gpangetiombéitn @ senaiol/Osmodily 18r Thay (hmodilde! famay include a power

supﬁl? tz!)%g ﬁ@ Bflfﬁ%}é &ﬂreﬁploﬁ)g &ﬂc&ﬂ%%t G4, Q ug%rﬁ Lio%mg:HHEg [nay provide

es 1 owner
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d|SS|pat|on occurs in linear current source
Loogdirister Magula d¥lite dymiagic Gs)mglnfdlcaé\/otliagg'hIﬁledmﬂJSEi)temhetreJﬂ; 2004 and
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an aﬁﬁstaﬁﬁ%nmidncdﬁedﬂ&igy doﬁ@@feﬂGB eblednythe QoORHARER, vdlfige 36 and the
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uit of Fi
contiy bl ngicuiredlisoRreg i b iscuntpg reent ooyl egongpdissipated in the
lined @LMER RodBE 34 %’Iﬂé)ﬂlﬁpéa‘%o\{ﬁt FR96396a08h Epvﬁre%lﬂla%ce, the voltage output

controllable linear current source 34
of therppginrastvoltage madula B8 éf refusedrthetilss iqdatieg therpavlve dissipation in the

e r 4 |s nitored so h t. for,
ined AER SUELETE, SO S8l ORI Q0800 ik iy e ot
prOtheé tg (Ii[fp]lmean cerratn Isbtﬁ'ge 34{&&5& & "BSbst SortvReHC eﬁhds@ Bb®BYdissipation is
1 %q q% BmﬁPﬁ d|SS|pat|on in the linear current
low g rgety indape %‘En‘iﬁﬁ & rEwb of J9dagoAvErt By the complizee voltage
(mHWﬁwﬂﬁﬁ t he voltage provided to the |inear current

rce 34, uses a "boost converter" whose power
[00355] Béﬁefmg gy foskigy Ao\ﬁ}lﬁ'andsetﬂamgmtym|M3fb®r3damprmfémt:1hte)ver the circuit

of FfHEDY Nnd % by q:.]h ng%é’ %ntrc}flagfé 1r?e%.r Rurré ch(ce)ur\cl:gl3t4 shd providing an

adjustable voltage directly from a compliance voltage module 40 to the load 26, adjusting that
voltage rapidly to provide the desired current flow through the load 26. This eliminates the
need for the linear current source 34 and eliminates the heat dissipated in linear current source
34. Critical to this ability is the recognition that a simple circuit could be used to implement

compliance voltage module 40 that would also provide rapid transient response comparable to




converter 38. [0037] Referring nowto Fig. 4, the
present invention provides an inprovenent over the
circuit of Figs. 2 and 3 by elimnating the
control |l able linear current source 34 and providing an
adj ustabl e voltage directly froma conpliance voltage
nodul e 40 to the | oad 26, adjusting that voltage
rapidly to provide the desired current flow through
the ]l“f#gr?‘ﬁgf’é‘t%.mﬁ%-s elimnates the need for the linear
[0038Y ReBHin® B0 EEFi345, aRde BhiiFh At @Bt BB alie nﬁ'ﬁﬁc ' inci
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Fig. 5 the co i e voltage nodul e 40 may conpri se
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. and produ0|n? a,sw tched output 44 having an averag
dissipations it syfcbed obipgt dAubaving @ desired aderagaumvpliage, fid oweived by a
. i (-4 ef.ates .
S I OREGSE s S BT SO PR 06 i e,
using ofepeigle 8@nplineeist (eye. t capseitdre vad  Dudtigiorts) 4dvidg essentially no power
: nnect | switched output 44 to ground, the solid
dissipatithy sag, o g s, B Previding opupebpoue pisgpitp.  Thus the
muligstigeditet 16 bpwaRowes lovelh4s ifilief, bRRtking FRqiMcy B@Poitsi tand around
44, having a desired average voltage, is received by a
the Ryieling Fgauaney & thy gomsiten 42 sehirle are eensealivertato wefpagssabove the
desiR@ MBS r@hofselof PR sY?n'ai ot AWl 4G t}%rléad 264S! NY
reactive conponents {e.g. capacitors and inhductors)
[0038hV he grultistaga filtat 46/pmvidpoaesutputivetiageatsi that iscwhnkbaed to the load 26 to

S| s ce.resistor rovi ding m ninmal.power . .
provifh MR iR o sl » dagfedh Pl g gpeivianess as will be
desceibeda Previs@adiastikihtiofithe WIRGK U8 G0 obREHHRE A¥sikd RABRM W Blough the

uency of the converter

and a&gund t.he EMAtChiEE fre ] )
conngstiof, knisaptaigeh 8 dngaps whry fesdbapkeechvpivn thak useyes icpment signal
meadur&6Y € 0hrréR AR Sl 518 5 i [ 20 ; tes Wi
the |'oad 26. [Oglggje Tﬂe rrufftl?gtﬁtleag& ?@?2‘%%&66%&%\% d%s?s with the
- curreph el hesipasses thaepeh4Be toad 26i andde metemed dn tacretuhe corockid@624' on the
vide a desired current flow throughout a range
Waygfgggééible | oad resistances as will be described.
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erro B0k it A o s OB HEnR GARP B The g cusiediiy 30 and
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). The current sensing resfstor 5 Series w
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of the action of the multistage filter 46 and this phase lag may impair the transient response of
the system. Accordingly an anticipating signal 56 from an early stage in the multistage filter 46
is also used by the feedback error block 54 to provide improved transient response.

[0042] An error signal 57, output from the feedback error block 54, indicates whether voltage
48 is too high or too low, and is provided to the converter 42 to adjust the switched output 44




[ 0040] The current signal 52 fromthe current sensing
resistor 50 is provided to a feedback error block 54
whi ch receives the command signal 32 fromthe | ogic
circuitry 30 and determ nes whether the voltage 48 is
too high or too low to produce the desired current as
determ ned fromthe current signal 52. [0041] The

r.re ck fromthe current sensing resistor 50
Comﬁg?nggﬁﬂ;%ﬁﬁgng%g as a result of the action of the
[0043) [RetGEiRg oW ith FRYs. §An@NdiHeNyRHPOARRE blA%c IR Y rr@gﬂnﬁy bRRide for a

transient response of the System Accordingly
firstand; serqaml solig-statey muitcls 60 fand Iﬁlzafpremﬁmwesbagg fiehl effit switches, with
[ f y. the fe
sohdlnrs‘ﬂﬁtfgrs%{)ﬁg 2519 {:#nt%%g Z!I?eos,/c%n?jpelif"alncs,e y%ﬁ\%/ ? Oglﬁ‘ich% g% 8 Juggtion point
beinjg0G4 zq\ngfkhecb routput 34|4guﬁlthe5 E’ynvombﬂmpuﬁ bﬁcﬂ? oiketef @gdiRic l‘he switch 62
0 i,ndi cat es et ta 48 is to
comiefE Gp 5 B Pt 3 443p Ry FsOrekcTieds /g ey ba gonnected in

parallelxgrgje@h of he sw%%eﬁigya%g@fm raslﬁncflaflstocfél ﬁ%@éir@t' ng thg ,

a 00p eferring now to Figs. an

- 100{4& %ﬂglyﬁgw ?ﬁfso[ f@dcﬁz reRetneEtediterralelyb e @8 ofprt 65 and "Q-not”
t 66 bf A d

ouq:{gxanp (& A 881 TR0 isinsh 8% ey V@P&&Lﬂs 8 Ate) R0t WHches 60 and 62

will dgl aCﬁVéé@Cb@tea thmweﬁ@ng eqaessxbln ghorh eiraonfbianaglvndd agdege 36 to

b and connecting to a junction point being the

swi tched output 44 of the synchronous buck converter

[0045P Taadig-fiep 63ist"ed" BRthe @APALEH d EfingabAER T0NEHi S ENEGhe error signal
back di odes 64 nay be

4 to round Fl
57 dessisg bavs and FEMBRES it 9 £ramRCYSr 72 Beodsedd b eemp gzcnerator 74.
Refedifh Rdv ﬂ)SFlgn’ﬂ Shed ﬂféqaﬂnﬁ W€ i rbate &R%“'tﬁle eﬁglfﬁpﬁ)gl 57, for example, at

switches 60 and 62 may be operated altern
the tirge 76.thp QﬂtPBBO%mgbm@Iatot 70 will tipe tsetfifig dife ﬂlpfﬂldppé&‘ hmhcausmg its Q

f Q t.hu ures tha nl
- outpBP6s e apt R BB A FagS e P e 60 o tum on
and pwitoheidttb mgn affpossi bl e short circuit from conpliance
tage 36 to_.ground. [0045] The fllp flop 68 is
o046 R s et dicn preﬂu%?saowgqrm%r Orhemilterrampossaseavhich also

reset% Iﬂl% BHLIRD 63 A0dh th'é%ta‘#.&socf é} %ﬁﬁ? l?tggo 1%99@% A{ﬁact id bhe Q output

a ranp wave pro uce ner at or
65 tfR@ﬂe@Irdu they Qrmt\mli@utnpglse 7 IWNé}rbet mdensam:l thveh the Higheg tieatrer signal 57,

indicy P el s Pl Rl P G TR 2 e ot iy vt of

the @ bgtpﬁt b5parfd tthps 8 n?:ﬂd ttlﬁ?uﬁdfltmig/llﬂch gg 63 c16ded ﬁiéﬁreﬁlﬁgtt?% V¥ 8ze voltage
and.it's output to fa rrespondi ngl y

Ofﬂ%ﬁwgg?d§ﬁﬁ%£%160 to turn on and switch 62 to turn

[0049f The Eﬁﬁﬁﬁheﬁﬁ?ﬂ LERENRRL QBnV%f]telalﬁ qﬁ kY wafe afig tq]% received by

pul se. 80 wh he ranp resets resets
multistagg filiep A6 Gesceibed alwg/etané consisting qffa ﬁgsastdg@mg acatiginductor 75

shuntd ByPdaphdifor 75 Ii]@tgr()'uﬁd. tﬁ{g 681c1patfr)1g signal 56 to be described below is taken

after this first stage at the junction of the inductor 75 and capacitor 77. The next two stages

8ro

consist of series resistors 78 and 79 shunted respectively by capacitors 82 and 84 with the first
series resistor connected to the junction of the inductor 75 and capacitor 77 and the second
series resistor connected to the junction of the resistor 78 and capacitor 82. The junction of the

resistor 79 and capacitor 84 forms the output voltage 48. In the preferred embodiment, resistor




65 to fall, and the @Qnot output to rise.. It will be
under st ood that the higher the error signal 57,
indicating that insufficient current is flow ng
through the I oad 26, the | onger the duty cycle of the
Q output 65 and thus the nore tine that switch 60 is
cl osed increasing the average voltage of the swtched
791 out&gt 4%h [0047] The switched output 44 of the
13 ERiAerd with 2 shorband copeciios 8esvamisiedi i s received by
0043 Hhie LRI vl
T oy Ty MR e hal S, ATk ks Blroueh e
currgRseRsingoiesivpr $Gwhichimalpr eﬂS@ndﬂW iobinpgxt iepigtos B3nEhe 'Etﬁtage)across this

aft r this fir st.a
remﬁﬁregje%‘)%% P%ﬂ:r%ﬁ ?%{g : n%ﬂ REps Fce.llv§d N 0 Ctgtﬁg@]tc[rj oq'-laﬁ é)peratlonal
amphi@xrt 8% Imovigg agemnvamng 1r@t1t @teisip icomniats sighdll B, 48d atﬂﬁlﬁr&@mg input

ed re ectivel apacitors 82 and 84 with the
reocfyiphe Swh oF BE bielunl o Abevieperes teel P fieahi thipugh 2 gain setting
residtiiRe | HAUHE Ot IRAENCRARARH 1ats fiker@Bdedille f&‘e?&nﬁp ropriate transient
series resistor connected to the junction o &
resppRssi sTBF Ipriingd inpab At | |ﬂllfb ppgatiomth émjphﬁ@rt BDris shurttéb by a capacitive

netv PR prkiRfind f R SEP8GNI Mo ftdinl ?rmm} guyput_vol tage

erre reS| 7 79 is
[0049¢ Blefermnf wiwt to Bigsheath afittle clamants toﬁthe&ack smenéxtmnd the feedback

8L, Th | 1 48 f the filt
el 83375 05y B 48 58Sl o By Burnttoop i
22. @yr él@xﬁhatﬁ@rtﬁelvﬁgs beFhtEie0h tROnMbwithtS ridd, 8 itd Qﬁtdhck‘l\éments may
ge resjistor 83. The voltage across this resistor

be o éhef larﬂﬁ%ﬂf‘é} cigrit f sigaifigaetly mpraving the rmaewﬁqcv:gdnw odithe current-loop
01rcﬁ1t§t2?29r @Blobull;ﬁ)%e@%}' 195 at0h, WAB B! Iﬂ‘%hanc%n%l{ %dl%lgenéé? may be on

having a nofinverting inhput receiving co
dﬁﬁ@QﬁHﬁﬁnmaﬁCHmMEGQIng input receiving the sun1of t he

A8 8 SR 3 AR 08 comm s

32 1ttwhild!egﬂﬁdﬁsibb@ thap8 Sddntitdl Rfrc & EMEE b€ Bscli 96 ptRRle for analog current-loop
ES)Fpro riate transient response The inverting input
cont loapk oraying i Pemman@signa 2ramengydiffpreat ranges of voltage

rath&%élﬁlblﬁﬁbetﬂ@énvﬁﬁkv&{ag ' rggy @f‘ 8%&%8 I]\?&tc £8 Ig%t B%alo g gonverter

providing the error si ' Ng NOW
Commluglcatalg\élﬂtﬂne@gwhecugr}emnts of the buck converter 42

B T e T AN T

and ﬂiulsimatlohs corﬁﬁnecBhereinl rHop aliis Rehs6le thE RS eRAMALY D31ude rid¥fied forms
non-sw t ched rf all the switch el enments ma be

of thgliF GRRedihete sl EiorERStof Gy amRpMimarisnd sprabigations abelements of
dlffelféﬂ@eﬂﬁéﬂiﬁx@&tg WE ahhd Mtbﬁn‘ﬁxe {Bge f‘%é ﬁfltoxx)n?‘ﬁotﬁamﬁl reuits

For purposes of 1solati ere conpl i ance
voltage nodul e 40 may be on dlfferent i ntegrated
circuits 90. [0050] Wile the present invention has
been described with respect to a digital command
signal 32 it wll be understood that the identica
circuit may be used to provide for analog current-1|oop




control as well sinply by varying the command signa

32 anong different ranges of voltage rather than

sinply between two vol tages as may be provided by a

digital to anal og converter communicating with the

logic circuitry 30. [0051] It is specifically intended

that the present invention not be limted to the
CL§ﬁ$ dinments and illustrations contained herein. For

reason, the invention may include nodified forns

of whegeapbodi nents including portions of the

enbodi nents and conbi nati ons of elenents of different

enbodi néhewTes-leapmapuliquiut mddslesoope industriv comtdl omdluding at least

' M5 . W CLAIM 1. A current-loop

One%hgﬁt gﬁﬁﬁﬁ%@h§§§1e for an industrial contro

i ndoaddemgnalt coremstableameldadi put circuit conpri sing:

| oad term nal s cannectable to a | oad; .a control input ]

r eCePUITGNRUL B YIBE 2 G VRiug fiophbeiipdisiiaf pontrob ndicating a desired
curreimtdb @Rtlbsty a desired current to the load; a current

sensor providing a current value nmeasuring current

r e CefWEHt BSISPhETIvelag at eira alupen¢asadng enmentakesived by the load
ﬂn08%§ggﬁ&ht&%ﬁﬁagt receiving the control value and the

cirrent value t'o provide an error output; and a

swiatfedribagk cireuituicteiniay ihrgeoatrol edisd arinibe Sotrém valudtt@ provide an error
outswﬁtgh, the switching circuit receiving the error

Rgufﬁut and a one supply voltage and based on the

c oltsidching RituiPRAVitAtGddst dne SADNRBEL dWAetH! e s%‘c@lﬂh%’ circuit receiving

voltage to a load termnal to control the current to
the ©far |oyiyt fdof FMESUPBLY Voltaze oandr based aomudhe whigradi inpuatl periodically

-] t i . it chi i.rcui rate .
eSS0 T SR Bl BN AL LR b BR31D ecrmg
the eointrhleyaldayl |y on or fully off states; and wherein

curnent from,t;he swit.chi ng.cjrcuit, connects to the . .

| odBer 8 Al PR DT DA O e PHEBRGHEN SRemE isppively in a
switslihg ehodé,aleigsitivies bi ithefuBFRALS ANBLoPRBEALAE 1 N a

sm%%Eh[ng nodﬁ. 2. The current-1oop input/output ] _

no SEETLFurEeRh it thewaiching qirquit sonneetsite dredpaddgiminal without passing

throbgHAydR8itRnd QWi PSR stvi.itl:l‘ijﬁ% Fl@fntﬁﬁt@ Wat %ﬂ%ﬁat@d"ﬁlraes%tcfﬁlng WAk,
a fréequency of swtching the sw t'ching circui

2. The current-loop input/output module of claim 1 wherein the switching circuit

includes a low pass filter attenuating current flow at a frequency of switching of the switching

circuit.

3. The current-loop input/output module of claim 2 wherein the low pass filter
- includes multiple stages and wherein the feedback circuit further receiving a signal from before

at least one of the multiple stages to provide the error output.




3. The current-1oop input/output nodule of claim?2

wherein the |low pass filter includes multiple stages

and wherein the feedback circuit further receiving a

signal frombefore at |east one of the nmultiple

stages to provide the error output. 9 4. The

current-1loop input/output nodule of clains 2 or 3

wh%yein he current sensor is positioned after the

fil%er. 1B oPHENGIOPR diputpripyt masule oficloines Aoriud evhsteinihe current
sensdP & Rkitloh&l MieardiiRg cl ains wherein the switching

circuit is a buck converter. 6. The current-1|oop

i nput/out put nodul e of any one of the preceding clains

wher ei n e ' ' ' Lt _changes a dut cl e of. .

o tonea it olb Mo Slobll BT 9 S, PiGHr i pfieSling claims
wheoai phetswitehing eatuitis aduck eshvegert he error vol tage. 7. The

current-1oop input/output nodul e of any one of the

preceding clains wherein the switching circuit

i ngl udegha durfest-losP | ihshiouiue BIdlLC b %%fd&"}é' &€ éhe preceding claims

connected fromthe supply voltage to the |Ioa
whepelp the,sivitdvipg sraicehiaeesor idutysessle of aiswithhedgeaasition of the supply

olt Pt ot QR ﬁ%gt termnal, the
Y %%?tchin dé%?%esw%%tl ngséﬁﬁg%ﬁg ely. 8. The
current-1loop input/output nodule of any one of the
pr ecedi cl ai furth i ncl udi ng.a housi ng hol din .
D 0 il Py ool Sl B S A by ctims
wheteiip tie/ swlichitly diRdiyligelefes aMrsORBdKatd BRitEHiRE 8 cdnh&t& from the
r?ln all solid-state switches of each sw tching

: e I | ] h
SUPRLY Veltfee taFhe lpat egpiaelemdiarseaend sofid glate wdtebingclavice comtepted from a
gro&ﬁ@@&e%zfdct&hﬁinﬁ! ﬁ%@ft&in%@evic%@ afm%%itaﬁt'e ) tefyPNLT ol

system conprising: an Industrial controller executing
a stored programto receiving control inputs from

cogt rol ices. communicatjng.with an industrial .
or B oss e TGEFBIMHECHBH Pt ol pit et Srspesing claims furtr
inchdiéing ces conmuni cating with the industrial process; at

| east one input/output nodule receiving the contro
ouf B?%n&@l%&fﬁ}'gtﬂﬂ%\?lép@icgﬁ%% to |loads of the

control devices, the input /output nodule including a
plurality of output circuits each conprising: |oad

t ePri nallBe compgdeoerblimput/outpul omdplel6f any one of the preceding claims

wherein all solid-state switches of each switching circuit are integrated in an integrated circuit

with other circuit elements.

10.  Anindustrial control system comprising;

an industrial controller executing a stored program to receiving control mputs from
control devices communicating with an industrial process and to provide control outputs to
control devices communicating with the industrial process;

at least one input/output module receiving the control outputs to communicate signals to
loads of the control devices, the input /output module including a plurality of output circuits
each comprising:

load terminals connectable to a load;

10




a control input receiving a control value fromthe
i ndustrial control indicating a desired current to
the load; a current sensor providing a current val ue
measuring current received by the load through the
| oad termnals; a feedback circuit receiving the
control value and the current value to provide an
error output; and a switching circuit having at |east
ond CBIrPInRYtecerdng ¢ eontral pyalug &x%ﬂirrs rigflugiriabeingrol indicating a desired
currbMAE kN 1pgH: the error output and a one supply voltage
and based on the control input periodically
c odnaitanh genshe pypliny avolrteat eralue racdsodnt teremt redeited by the load
the.current to the | oad according to the
ﬂuog%ﬁ%%%%mJa dgagmherein all solid state switches of the
swiatfedriback cirquitireteivipg iat @n@sClaisd Ml the chrréht vaME 6 Pmme an error
ou ggde being driven to either fully on or fully of
q”é?gs; and wherein current fromthe switching circuit
CoRRQGtBink QirbiliEhdvaRtat 1 &Il WL ROWitcRaHE 's@ﬂchih%' Eﬁ’Hﬂlhreceiving
any additional solid state swtching elenents no
the gHar QuEYt 39d 28 SR tWRPIYg Voltsge . antl] basth eonc ther eorttral dioput periodically
' l.e I wher.ei n_the i t chi.n .
compRn 1R bt VIR on PN PURITH i Rl b Weording 1o
the eomtrobyaluct | ow at a frequency of switching of the

swWi_t.chin circyits. .12. The current-1 Qop, i nput/out put )

o R AL A e R the S pasapit e Sxchsively in a
switthiag tidee, Belngideiven fol GBESTLADSn WP AIE JFr dhies; hegdback

circuits further receiving signal's frombefore at

| e JdEreghgiresnt fove the swyifching ciichig eenncets by e leid tetmanad yithout passing

i g I o ' nodul .e of

ol ) il s R hing SRR OB ol  TORRe e

positioned after the filters. 14. The current-1|oop

i nput/ o ut ul e of, any. one of .cJai 0 to 13 . . o

wnaber i ph el e iny bbbt FRfuS af Eafndh v Fectching ciruit
inchides 230w Phe filter b@sHualiQORrieRPEbY Gl b BdhudiRd Uk @m@émﬁ%1 f 88 8witching
. of clains 10 to 14 wherein the swtching circuits
CICWiange a duty cycle of a switched connection of the

supply voltage to the output termnals according to

the error voltages. 16. The current-1oop input/output

nmod e he euryenbivep dfiputioatpm nibdukeef theimhiEr ehéreinhte low pass filters
. i N L.rcuit includ irst.solid state swtchin
inch ¥ SOU OB S oter B e ethat g o Gty B B sigimald Hom before

at least one of the multiple stages to provide the error outputs.

13. The current-loop input/output module of claims 11 or 12 wherein the current

. sensors are positioned after the filters.

14.  The current-loop input/output module of any one of claims 10 to 13 wherein the

switching circuits are buck converters.

11




to the load term nals and a second solid state

swi tching device connected froma ground to the | oad
term nals, the switching devices activated
alternately. 17. The current-|oop input/output nodul e
of any one of clains 10 to 16 wherein all solid-state
swi tches of each switching circuit are integrated in
an integrated circuit with other <circuit el enents.

_18.15A cl OF SREetdenp mﬂg{&mtrrmgple@ @ny eng efrclaims 10 to 14 wherein the
swilcRigd Tirchitd cHaRRd & QLiPERYE G ?gw el BhectiGh ro;’ g{% %bﬁlgfpvoltage to the

1/0 circuits connected to ads, the 1 nput

oulpph tRnmals sl hythezrrof weltigesne i ntegrated circuit
i ncluding: at |east one control input receiving a
control value fromthe industrial control indicating

a dési r diic curenpddopt iapithitguo athidule ofeansnd GTcl4iRE Q0¥ M8 wherein the
'Fﬂ&fent'valﬂﬁ gBasuEéng cunrﬁnt recei ved by the | oad;
SWiliiipg SHEHCICHEP dgtsolid slate Switshing clewisp seomeqied framfhel senpdy voltage

“to tiUbsERImindls UAd bhQe®Ind \sbHE slg?: lﬁsfifcﬁﬁlg dRUEL gtforfng@t@&j f3m a ground to the

swi tching circuit having east “one s state

loadgimipss, the:wvitghingdevisgs adtiveteil alteragelyvi ng  the error
out put and a one supply voltage and, based on the
control input, periodically connecting the supply
voll¥ age Thecurrmtlapdnpu/cngut modulkhé acyofiest cliimst10ao [16agherein all

.accor di. tq. the ntrol value; wherein all solid .
soli e sMiteHos ol poiieling, G dptegrale i a Fpagied circuit with ofher
circaikelemsntvel y in a sw tching node, being driven to

either fully on or fully off states. 12

18. A current-loop input/output module for an industriat control providing multiple
current-loop /O circuits connected to loads, the input/output module comprising;

at least one integrated circuit including:

at least one control input receiving a control value from the industrial control indicating
a desired current to the load;

a means for receiving a current value measuring current received by the load;

a feedback circuit receiving the control value and the current value to provide an error
output; and

a switching circuit having at least one solid state switch, the switching circuit receiving
the error output and a one supply voltage and, based on the control input, periodically
connecting the supply voltage to the load to control the current to the load according to the
control value;

wherein all solid state switches of the switching circuit operate exclusively in a

switching mode, being driven 1o either fully on or fully off states.

12




