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COUPLER - Background of the Invention 'S | nvent | on -
rel ates to opto-couplers and opto-transfornmers and-nore particularly :
relates to opto-cou Y jated with the optical coupler.
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formfactor nodens and line termnals for use - partlcul arly in
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i sol ation tmhmtmmwmplm hmrtghegadwsicmm& thé oRiCARIoApIEDT M 10 fact or
modens and | SDN term nals, use of such transfornmers becanme inpractical as
t he transformers are too large for the formfactor. As a substitute,
opt o- el ect rhgad 2 circui ts or so called optical isolation -

transforners vver ° eve ed. Op atlo transf rrrers typically
conpris® one lig ‘{ef’glﬂlf,}“ﬂﬁ%éﬁmg]lrﬁ Prm° fips @ﬁll]lnfi“ﬁﬁ‘"ﬁg
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wi t h convent.i onal op such as those crl b .is that

they have aUafor a?g%lgﬁdﬁ’ ‘g" {%Pi °n??ff§ve§aq%ﬁ elggedy g)EF?“R ?’?es bet ween
couplers arlehxﬁfosxﬁerstypxcanyvmprssmligme:ﬁmmwoeoﬂemmuﬂm@mewth ot her .

factors. To conpens for such va n conpens t|on one
comon t ec AR 9°§&F‘gt °€?s‘f”§'ércFB%]§ 3?}@?998}%32‘9& ipeiembly [ gure 1.
In suchsf ee&%ﬁi&dthe&hﬂglam@ﬁackeg%c OnaRé RarkMitiRldelof tHe Geviss theGhdliulatdilat em tting
di ode and two IlgSt sensitive elenments such as two_photodi odes or

phot ot r ansi GTcYHy if equpled 4¢ thelight emitting diode,and the telephong ling ﬂi)‘Mbﬁe cRepitrteiich hal f

of the dupl &,kBaBEbRotORRESHr bilfiodeD €1y drAtRSFeRLiWP ide of the devicENifie Of the
phot odi odes or transistors 2 is coupled to'the nodemor the tel ephone l'ine

as siteyace gircpitryis eoupled fithe light smitting diedeandshephotadiodp er apsistorisr cui try
4 as the li ﬁgﬁtg’ toh ment in
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I?’ET} 3298 /01 4\7/\60 gﬁ/ 3?5%em with conventional opto-couplers such as those described above is that

they have a gain associated with them. This gain or scaling varies between couplers and also
varies with temperature and aging along with other factors. To compensate for such varying
gain compensation, one common technique is to use a feedback network 2 as shown in

25  Figure 1. In such feedback techniques, each opto-coupler includes one light emitting diode
and two light sensitive elements such as two photodiodes or phototransistors for providing -
the necessary coupling for each half of the duplei: channels needed for the opto-transformer.
One of the photodiodes or transistors 2is coupled to the modem or the telephone line as
shown in Figure 1 and the other is coupled to the same circuitry 4 as the light emitting diode.

30 The second photosensitive eler-ncnt in each of these circuits is used for providing feedback to

permit compensation for the gain. Since both photosensistive elements are formed on the

rlsed



ssane- die, the gain of both will be the sane (or at a predictable ratio to
each othewbesaszss Therefore, by using the second -phet osepgiiisyfo@hsNeENt
in a feedback circuit with the phot odi ode 4, gain conpensation can
be provi ded. However, use of such gain conpensation

t echni ques ha s [ f the
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is yet a fourltdﬁ%(l)%ﬂ ?P%Pﬁ‘%%&gt}oﬁée ?%E@gl%ﬁ%\%ae%gﬁ%ﬁ %%Egﬁﬁﬁes%ﬁ&h on 25
wi t hout requi pirmjtsaubd:ronednhawmmmwmwnandtammuwvent i onal technol ogi es.
It is yet an ddi ti.on V. 0 uch

opt o-i sol ation wit r']l‘h?rgg 1tls§hré9cl>ldjec?5ftﬂe mglgx%oh%[&n\;lhe%fﬁgon% lngn? o

obj ect t @0pr owpﬁie:oaplemwiﬂmum sesmidamomsenmﬂfdsr aafeémlbmkcbnbvandWsdtsh:ond object ofithe i t
is yet a sixth object to, ide such opto-.isolation wi.th.extral wvoltage_
power '{“1“ p’°“‘§ Seh £ ‘i’“‘iﬁf’saf‘ﬂ% tARRE FTegting the amount of 5p

These and ot heéqu&bd 6Cths paited a&hiteu@dtdqsenﬁn‘ﬁ@cbfmmmomﬁentsm bpréSetuplef USi Ng
a opto- coupler conprising a_light source qgptically coupled to a

phot osensor  alfBRYOTET 1 sgoakl dyrm fa?twagétlsathﬂd obje i ErdhEthe RuFbsT of\Fopgonents
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PCT/ US98/4$1 47 (vithout requiring additional components and use conventional technologies. It is yet an

additional object of the invention to provide such opto-isolation with feedforward
compensation. It is yet a fifth object to provide such opto-isolation with a broad bandwidth
and it is yet a sixth object to provide such opto-isolation with extra low voltage power

supplies.
30  Summary of the Invention

These and other objects are achieved by embodiments of the invention using a opto-
coupler comprising a light source optically coupled to a photosehsor along with a half bridge

embodiment to provide ratiometric compensation for the gain of a opto-isolator controllable



sconductance.. In particular, a light emtting diode is supplied with a known
ref erence_current and the effective conductance of the detector -
circuite i WOMBPARY with respect to a fixed bias vol tREJEUSHOLRnown
current bias is fed forward to the detector transistor or diode and is
referenced to the bias voltage. 5 In a | ow frequency enbodi nent
such as is sumommctanf‘«@rln@@mmht R dight| emittiig diede is supplied Wltbaslfmwmrefmmce owtrahg e
enbodi ment may r |

the light em ﬁul %ve%oia&&%qu rtgen(ge&%m%ugﬂyeﬁaéd ll%c'f(;t\éjﬂl(g gbie&b‘raécel ve
the |ight fromonthg The known clgi'eht leas xkfedrfgndxd)tdeheeduhctosmwdreddmﬂe andrigde in
seri es between fhe ?‘ﬁp‘Pb vol t age and ground in series with a
vari abl e condJEfHRE t@lﬂéﬁ{‘é as a FET. The half bridge circuit 10

al so conprgses a VohiAag® fﬁéqﬂdndgeémw&ﬁéxﬁ ki aflisTseftMERE Conveltiond enddems,tahe
fixed bias voltage. An ntegrator having a | ow cut off frequency

mai ntai ns the MIWfdg@gambW%a@Yéaw M}iﬂﬁ@fmﬂce DC gyrregigs proyided to

provi ded by tRge ¥@laGfn a%a@'eA f?c)fot%ﬂ Bkt Pis by BSupfan 1-&%&%‘&8 hgx{u ffoti':?the
vari abl e conduct ahce el enrent I's ratiometrica neutral i zes
current transflight emitfing diédetand Iscqoupied atanode m@eimlbetwt‘—erl@e Power supply reltagn and
alternative for hi CII’ I a we hal f

bri dge ' rng 3?? |ef§ Qﬁ;@é?ﬁ%ﬁl ﬁ%‘mﬂéf @E&Q}:tg%cgm ? gﬁgé%gﬁ%l% Fidge cruit .
opt o- det et0 or ﬂsfof tmntpnveslayvommhﬁdhrfpmyiﬂlﬂg’ﬂeference voltigt for therfixed bias voltage.D&n and

AC vol tage at t e. en EET and t.he. photosensor i hel d
constant to prB{’}gﬁg"?‘ﬁ ‘?“6°g(§'ﬁ'ﬂ‘f°8ny1Pﬁ“§I;&f [?@Y‘[’]g‘ﬁe ﬁtrfg ° Radr fgpal to the
control | ed respeivbMge prov1ded bl @edidiade divvddr oY do@lihglthecoAduchinge a@x@mslee nts
of the voltage at the node constant. In a 20 third errbodl ment f | ow

vol tage appl i confiusiance elgmensy dpsFatiomeiricaliypeytrelizes e curet transtes 9 of e opto-
through a currgppemrror to the controlled resistance. . Descri ption
of the Figures FIGURE 1 is a di agram of prior art

opte-el ec#¥ical trahssmaltpmeatiseior bigherfreapengy circuits Sucb%@% @@P@‘fﬁ%@lf)bﬂdge
circuits such deo® il doSiefecfdl S-AHa1

enbodi nent of the I nvent %ﬁw lercagam%?de uéﬁgl g © © lﬁe egéd{r an
about 20 KHz. detector side. The DCaﬁd@OREIt&elasthandddym oFEX andthe nbiotesehentisment
of the inventi 9

FIGIRE 4 is a T%%?“%”“#g‘ vidR et cqpiral b SHHENG fusing 2 conmoliea resgtive. |
vol t age 30 afepdhadatollml&sboth the AC and DC components of the voltage at the node constant. Ina

' :I?’CT 1 US9 \8/\5)632/7 88121'3 embodiment for low voltage applications, the output of the phototransistor is coupled

through a current mirror to the controlled resistance.

Description of the Figures

FIGURE 1 is a diagram of a prior art opto-electrical transformer as is commonly
used in telephony circuits such as modems.

.25 FIGURE 2 is a diagram of a first embodiment of the invention for use at frequencies

of less than about 20 KHz.

FIGURE 3 is a diagram of a second embodnncnt of the invention for use at higher
frequencies. _ ' '

FIGURE 4 is a diagram of a third embodiment of the invention for use in low voltage

30 applications.



PETALLED DESCRI PTI ON OF THE | NVENTI ON FIGURE 2 is a

sehemati c of a first embodi-nment- 100 of- t he- invent|
opt o- couaﬁgr &% conprised of a light emtting diode 104 ano’l‘f@ﬁbsmno

phot'ot r ansi st or 106 is used for each half of a duplex channel. The
light emtting S| : rt of .the 5 primary side 110 of
t he transf or nersted H ION ¢ shown) such as the

tel ephone line, theFthﬂEEQ'stdd&%abcﬁﬂgﬂhﬁd?atfﬁstfeﬁ%o&ﬁkﬂﬁmﬂﬁhkhﬂr@nuoﬂr Ahhe

nodul at or of a nodem Coupled I'n series with the voltage source is a
fixed current emrserrceuplernP2icpmprissd 6(2 light emittinglipde 104 and a phofeirapsistprlP6 is used The

fi xed biras cur I aﬂﬁ&%
nmodul ator or t ogg%cglh%%hg%e I.ne aer h@ﬁ@%@%ﬁ“ﬁ%é’%ﬁ%%ﬁ'&ﬁ Pgmf’ﬁrough t he
| i ght emit §i ngpriBary side clbléofﬁbﬂmfwgnﬂgoanmggmenemumel(mg shivvayl such@4 theo ermi t

l'ight. For smm i | [ err e.to | ul ati on
of Uhe | Lght  eePEg R B bl il o e eleptiche Bl St Frog ol spodent
current isf Coupled in series wcljtlilﬂe mﬁagmd?w:;paixbd &ﬁ&nﬂs‘olui_‘a:allm mﬁtﬁﬁMcri]esalm%wn
opto-trans or ng is C t he tel epho ine .o e hybri
circuit of the ‘?%‘f“é‘ﬁﬂ Hﬁ?ﬂ’«?%&ﬂasﬁﬁe“aafﬁa‘g}ﬁgf%ﬁheépwtﬂ%&% | ne (not
15 -shown). Tﬂﬁdﬁﬁ&ﬁﬂﬁdtﬂeﬁﬂ%ﬁe GARNG IRLsomined SlrinksobW BidaEh 4O G tfeﬂﬁmné
optically couple ht so that the collector current is th

phot ot r andfst o@lO%}q&éﬁvslf(g t!!‘ﬂl%]'g Pm]thgs‘B%ﬁeé@“ g et b&h‘f Eoftsmall signal cwmfﬁs}ﬁ er
ratio K. The C&hah%gm RbauidlEn BFRE e 58 @bdeldli &f@itdgloﬁ&i tb fhe Sdhfaf

an out put to a cont abl & transcon nce el enent
whi ch may for exwenpke be afield.. - effect transistor operating as a

vol tage cont 1ol | ed il a6 LARRSP OGNSRl LIS Roihdbe |

preferably coupled erence voltage s :
bias V[err] i shml @& ¢he hybrid cirquitef the éclephoad lirgor il'erdm]nV@Léatoﬂ oflthe telephohé Hap(not

di vider 1 co et wee Al te tive ot her |
refer ence%\g/ol t g ﬁ?rsﬁ‘foélggy uc%"kg’?seéat%}ﬁ‘giﬁﬁﬁ? Og%bsﬁ?é?g& ?)"5’#1%/”’5'
%alof ge P er ﬁt or hght sbthatthe chlleCiontuneht m@; bhgoﬁ’?biﬁtobcurdge(llbﬂg Sealdd b@&mmmﬁf i ng

a of the sec ry 120 of_.the du nne to-transfornmer is
a control el en’E?ﬂSfei%"% °]|];§§P g the phqto Fta’bf({;a‘ﬁ%"“a}‘?gg 806} AR PRl i ng
an arbitraril ynddew26 t DéontrblizBRuRAGIndIdGHRCATerhedS 522, Whith bRY for example B&4 fi@ld ( Or
bel ow the m ni num signal frequency of intefrest). The inverti ng 1 nput of the

control eféqcémtstqzmermgesmlme sanirolled Trsister- ithg traprqondietancs glemsnieh22i ng
i nput is egupl ﬁ%&éf&a 1 Goupled to a fik&f rBfeRACEVIIA és%@@as\’qf&r 1l fixed DC bias V, is also
Looki ng at the eration of the circuit the current fl ovm ng through

the 30  pri neptpvidedimch as Yoy atwa?getdmedm%wbﬁtbemwbﬁgmé round.
phot ot r ansi st oyl Jaeldle odié}ereﬁféﬂée%'ltﬁgegenmm&' Jfﬁa{gfatéx%%rau‘ﬁ’eb&l?%scon Jﬂﬁ& a DC

gain, controls the condluctance of the control tance
el ement 122 sogaprgeneratoemmbe/used. dgunpleting deichalfbéidgesitenit sorprisingalf of ®ence

the DC bl as 1o oRMPtA Y g ShSR bl BB RhAARRH Rl Gemh o8 Wiy

resi stance of er T
4 WO258/ 3fi2fetably be an integrator having an arbitrarily low cutoff frequency such as less than ten
PCT/ US98/ 01470 ,
hertz (or below the minimum signal frequency of interest). The inverting input of the control
element 128 is coupled to the node 126 and the non-inverting input is coupled to the
reference voltage Vp.
Looking at the DC operation of the circuit 100, the current flowing through the
30  primary side is I1 so that the DC current throﬁgh the photofransistor is KI1. The control
~ element 128, which only has a DC gain, controls the conductance of the controllable
transconductance element 122 so that the DC voltage at node 126 remains constant. Since
the DC bias is a constant across the phototransistor 106, the equivalent resistance of the

phototransistor Rg, will be:



s [err] Since the AC current through the phototransistor equals K*is,

t he AC vl t ross the phot otransi stor Vferr] w to
K*i s*R[e%‘?ﬁQ%ﬁés:ubst iitution, the rationmetric conpensati oni,érlbggmgieblcones
apparent as the variable K drops out with the AC voltage conponent across

t he . phototransi stor being as follows: _

Vl[err] = 1l[err]*V[err] |11 5 v_Hence, the output AC voltage
at node 126 nay be provided through a Iﬁgﬁ%“ﬁr ot her i sol ation
circuitry for further processing by the de 4l at or portion of the nodem
(not ~ -shown) or for transm ssion over the tel ephone line. This output

voltage is i ;gﬁ@eetﬂgg@cuﬁ%m}%ﬁ%m photdtidhdi§MeqBal R*Qfthd ﬂ@fv@ﬁiée‘i@ﬂosé el ator

: c
as K is not ermin t tage. Further, because o

rationetric cghupensastonYi (Wil be eqfablok] "By, Bypehshiufion, fieaatiorairic eqmpegsation
di vi der i d t te V 1 t PaSe 2 [ |
i thout & gai FeRPRuEpRoTRs et § ghps gul Wi EACTfaed binch iR aec

t hrough a buf fitotansibtof beirig a8 folloke: | i ke. In an alternative
anal ysis, the opto-transforner has a fixed transconductance of V[err]/I1
since V[err] and 11 are constants. Fujthgr,ytipg rationmetric conpensation is
attai ned by providing _ a fixed ré&feferfte current to the enitter diode
and by leveling the conductance of the detector 15 wWith respect to a
fixed bias voltage V[err]. The current bias I[err] at the emtter diode is

forward 4 ref grelcad ﬁtﬁutt&vcg#agéat‘fﬁhé P B prdvida thrBEehrdeel 6F other
transi stor, thereby provi 8| g Tee rwar d conpensation.
However a dr aisblatén afcutttydforfurtheriprocessing bytiRdemofulator portionnd theraedenniagt

response characteristic t ' | t L . r
capaci tance o?hof”ﬂgorpﬁﬁ 0 srrnétstrsllé’f1 sY%frthel g‘.)h%%ﬁﬁg' TP&%AE‘E& fulé{r%eﬁ,ag‘?ﬁg%gh%g | r?g % of
Figure 2 is | tuiteneghin of the gptizhlsdiator aa & ia nbtrastepmeinche AQvoltdge oFurther, becausdafut
twenty Kkilohertz such as in.V.34 no : : ..o . Fl E 3 sh a
second enbodi FEAMCSHEOTPERHIR G é/;%) '?’gg; Fden thegiitpgeividst ésyuse%ﬁ genergiS Yent i on
such as ijp | SEh¢ M08 N5, &/ chieWitohts gain et TadBRputovltigeShn bewakkees nodet 126

| i ke conponents bearing |ike nunbers as those used in FIGJRE 2. An optical
i sol at or 202 thsoughady ﬁ’@%‘%%‘?rﬂéelpﬁeght emitting diode 204 and a

phot ot ransi st or 20y irSaitéievd Dhly§iaGhe &d-frardformer has a fixedlipkeondadiaice of Vy/fihe
light emtting diode 204 is coupled as part of the primary 210

. 0o a ...
varyi ng sour céines¥mangdd1 ereconstantss Fgriaer the eatiomefric SPRIRGRFatign ¢ %@mﬁﬁgmr&mdw
circuitry of ag..q refq[r?]rfctg E\mﬂﬂo_tﬂiﬁng&m&%ﬁﬁﬁﬂw{ig%e%ﬁ&&%& Sihd EdctorS -

Coupled in series W e varia ) . o
5 598/ $3h8&pect to a fixed bias voltage V. The current bias I, at the emitter diode is forward

PCT/ US98/ 01470, i fii , , Dot |
provides a fi %eef%fe%ciegéo %15?%%&%18%% n the a6 ﬁﬂglgﬁgrﬁlgﬁg?ﬁ%&g&éecoﬁrfw y
side 220 of t bemptmsdtios. channel opto-transformer conprises a

However a drawback of the circuit of FIGURE 2 is that the frequency response-
characteristics of the circuit are limited by the Miller capacitance of the phototransistor 106.
20 Therefore, the embodiment of Figure 2 is limited to signals having a frequency cutoff of
about twenty kilohertz such as in V.34 modems.
| FIGURE 3 shows a second embodiment 200 of the invention for high frequency
operation such as in ISDN modems or terminals or XDSL (ADSL or HDSL) modems with
like components bearing like numbers as thdse used in FIGURE 2. An optical isolator 202 .
25 comprised of a light emitting diode 204 and a phototransistor 206 is used for each half of a
duplex channel. The light emitting diode 204 is coupled as part of the primary 210to a
varying source such as the telephone line (not shown) or the modulating circuitry of a

_ terminal or modem to produce a variable current i;. Coupled in series with the variable



sphot.ot ransi stor 206 that is optically coupled by light so that the

col | ector--cur+-ent- -+ s-the light- - - emtting diode current scal ed
current tVYQ8BR¥85ratio K The collector of the 5  phot ot?%?%slq}f""’z% is
coupled to a drain of JFET 233 and the inverting input of an

operational anplifier 235. The output of the anplifier 235 is coupled to

t he source of cmtlsaﬁxedcmtsm@ﬁﬁaatmouasesﬁ:@dbmmm operation, the

JFET 233 acts |ike LAN8 I ~ anp
235 will force the 'l?}o age a &}gﬂé’&ﬁ\?gg ﬁtﬁ%dlfp}lexugﬁ*n §1tc%£° E‘&sf‘q@ﬂ%rco@?ngeg]a

a reference- vphcbtatgamsmpBﬁ)ﬁeﬁlattxs)opticdlymupled\byehght s:gthatrthmolleétoﬁdm'eﬁnpthﬂﬁght The
‘resistor-RL-ts-als cou to the inv n t e anplifier
237 and the oﬁ{“ﬁf‘g%‘f’ Jj‘?‘ﬁ"ir’?“t&'?& Ffe‘aﬁ& lrﬁgc te of the
JFET -233. SAWPbhétb@insﬁfb?20651s66lﬂ:iddgblﬁﬁtixr9&'m b3y aﬂrﬂ&hﬁverm{g lﬁﬁlﬂ@faﬂ: ype of Iow

pass filter and preferablﬁy has _a cutoff frequen% of about ten hertz. Hence
anpl i fi er 237 opgrpyonal amplificy 55¢ Ihe puipwief thsjampberss {sreurled 9 dhe soprog pethe -
anpl i fier 235 ykprbsy Md% alemsishmt Bopetatibs] theIFETRIS £ets like avouygelcbam&dv[ err]
and V[err] are provid y a voltage divider (not shown) ermttln err]
to vary 15 rwstqr@qthahthgap pmp 23 %wi lfemeﬂtewelfage@f@péwe@ngmﬂttebsm 9

bandgap volta ~ e t bot h
Vlerr] and V| gr?ert?&g%h‘%h? é/\o\%ﬁ%aet?g‘ i \l/no ﬁfﬁgﬁ@ﬂgr e pr enfoia ’: f]},& fRsiH6PR1 Hafso
const rai nid byouphel b dhel invertirg ifipt ofithe amplifiee 287 and the output of amphﬁer 23VHecdupledt

operational anplifier_.ta e diff bet ween t he ouf put of the
phot odet ect or ° %gﬁtﬁ&f{hﬁﬁ%% }ﬁ]%r?gc F%@?%S%mﬂe%{? °5<9FPF|°6}?W
gggpor Li onal bgs?ftﬁlﬁraﬁﬁﬁﬁerlallalﬁfghs[ﬁm%ﬁﬁeq%ﬁﬁmfaﬁdﬁtﬁﬂg&d h&nwmmﬁieﬁlw v?ﬂlOr

. The FET IS_C ro the sec atiqgn I fier
237 to irrpose oregihe ) ‘é°16$° ?@r"t“ UhOf theam ﬁ%ﬁ)@? tBP"'Yhe itY’gt% "éjrfﬁ?q 233.
Si nce the FETvbﬁag@Wg raﬁhivgdrelpvovtdaeby BYEMHge Ridef (1ot shd \/ nuat es
the effects of the si gnal conponents, the conmponent ad ed by

the FET 283 t avithpat acaamﬁecw ofherefergnge source such a§ mbpndear yoliegegraemion withat put
at substantia A \éggg, t Trhemids by 25 -
phot ot r ansi stlovk) |g§ co sli{e?tgl ned%g ‘Egve%ggﬁl to V[ e?fé%h%ez&lﬁg&?%%%\%/ol tag};’e dr op
across the FEFomginedby the following formauld:t | the sane rationetric control as
expl ai ned above is achi eved using two flxed bi as voltages in the
secondary stage and a fixed bias currentvjs2Uhe prinary stage.

In addition, the circuit of FIGURE 3 has a nuch w der bandw dth than

typi cal opto- isolation circuits. In the circuit of FIGURE 2, at

hi gh frequency, the MIler capacitance of 30 the phototransistor 106
degrades hi gh frequmaﬁystpparimmlmn@ﬁexaﬂcbsﬂ;ephﬁaédcybétwm&dsmmnlufﬂhbh

;O twenty kilo pxotoaetéctokg%\/ o the lca)lgs 9”1% p%g’v?del an Aé‘ solége d <JnI pr}%éo?h&gpt@ 6%-9&% g 322 5

PCT/ US98/ $0147 @K ig) current thmhglms b@abﬁna;sﬁ.ezmmhe FE’E 1233ai§dor&io11bd/938thé gecofd d node
236 to be equal. to V[err]. As a result, alth vari abl e current

(Ki[err]) pas<oBgationap lﬁeh%37pfﬁéﬂlﬂﬁsi= aRg @%&ﬂfvi%thepﬁ@“‘i\ﬂfltheé?s‘é&}ﬂ&%?éﬁce

has no . Shick A FETVYS E&Hu%lléchlﬁ‘y 190 ek AGRhl SibBahtially affertlhted M6 ALY dffthe '
235). Hence, the output of 8
AC signal components, the DC component added by the FET 233 to the output of the first

amplifier keeps that output at substantially equal to V;. Further, the DC voltage across the
25  phototransistor is constrained to be equal to Vj, as is the voltage drop across the FET 233. As

a result, the same ratiometric control as explained above is achieved using two fixed bias
~ voltages in the secondary stage and a fixed Bias current in the primary stage.
In addition, the circuit of FIGURE 3 has a much wider bandwidth than typical opto-
isolation circuits. In the circuit of FIGURE 2, at high frequency, the Miller capacitance of
30-  the phototransistor 106 degrades high frequency performance, and typically limits bandwidth
to twenty kilohertz. However, op amp 235 in the AC domain is configured as a



.~am§ 235 can be used as the circuit output, effectively increasing bandw dth

to-the-++-@dfide - 5 j-unetion capacitance of the |ight | ode
204. Thus t° 9essl"‘]::)’vzgeérﬁaI | bandwi dth of the opto- t ransf o&%#édsﬂg 7?11 t he.
order of several negahertz. It should be noted that the

enbodi nent of Figure 3, Ll e described coul d al so

t JF
be done with AansTesiftance A podiisyes o ]EH]XMB‘FE?%G ?ﬂﬁg t‘évenf‘“f%\ém@l}mﬂgpng

to - the ,iaMald bifnf(®d,) bﬁk@e%ﬁéﬁlﬁé }:hdi&:dnﬁetu; @@ﬂne‘l\hﬁ F&'ﬁﬂnce has no
oper at i onal arrpllfler 237 ne be switched and a snmall RC network

needs to. be adffect (wnhméhwemlomememrwapf e amplifies 23 9)n dlence, the oupptefshs emal
anph-i-tier - and almgaezsggm §lse zg&dcﬁe Slout 'a@ﬁﬁ’t ERRR0RY inbledsifig ekl 11l BPAL

vol t age
thi-rd enbddi mjnictid0Epagiante Qf uhairgihyermtimgdme |2ﬂ4 | Biws thel avengh barpiwidth af tlmroptm- s

shown in Figure 4 that a pndwi dth. In the enbodi ment of -
Fi gure 4, eacﬁaﬁéh?’?neﬂsontﬁ%?rg?rﬁés%’ﬂaﬁﬁ?ﬁ% for a duplex channel has a -
di fferent confi gur gtshetldibeadted that the eibddiment of Fxgmeenbmﬁ desdrited with\wQFERQ83

drive V[err] fraom i.nput__such as or the transm tter
drives a seri &ul ﬂéingFS?mS’Gﬁ‘aa?fd’f@a efw? g et AYgh tirroupimg o er
A current sou rtﬁéaxnverun%andﬁﬁ%ﬂﬁ&nﬂg R0 bame sébbﬁ& o;S‘cEHti'bﬁdl Tambhﬁé}rzd7 nSed tB be
paraIIeI with the light emtting di ode 304 of pt o- coupl er 302.

The 1ight1Cni tsmtnlged@n@aemébﬂcmsm@ﬁmee@ﬁ tp;beedﬁ?ﬂnrebptwnéhegcamt afthe pergnd act or

zzaocur r gn: Oa: ht RBJQQ&{?J ££ﬂ§1€?ﬁ?§%§g&§wgfﬂ% E%femwétﬁ%e%r r% o

t he..current. t hs divighd bhovd at tetgateni t t i ng di ode 304 in response to the

vol tage at the inpu r rent
K(11+i[err]) flow ﬁ‘% \éh?a&f}]é% hodiment 3¢ %?“3%@% o?’? %g’s‘fi’ﬂ%%? apgfications is
coupled from ahowmﬁlﬂlglﬁé4ﬂlacal§dmhbmadbmdw&ftﬁ hnh@emhdddmemnfhgﬁxﬁut each hilent

I[err] prgportignal t otr.ansi.sior col.l ector.current

e 1 o By e ferainy ol ik el FaRg s gt ety hebther, o o o
t he out put cureﬁﬂsaanﬁeﬁtst AevoRage deivt qum.seﬂmﬂao@chbeae@mxenm 65thé frani&fiGerand
t he transi stor. dinensions_ in-the cu&;ent m rror 350. The out put

current devel &5¥ess sFEps mEEor 3¢ apd sapacitor 303 Toxming a hugh passifiltey A CHFEE souresy
resi stance 35hr@RdkshRahstat@bibA@RrehtT] GRARIM z?mwﬁﬂ tuenigﬂ%ﬁmg diba 304 of the

with a reference voltage %ggr_e 0.62 volts) develo lé vol t age divider
352 from a | owpiecoupler 32 Jhe lighi gmitingdiedg 1%0131051 q by 6g§es¢hhpg Hetor r |

to vary ho : - : d by an
i ogr at ot 3o KADPRIRARLAG! 206 TF o opticel caneRRI0p piciy | Qe A,
control the reolletareqenl &f Khdy)J where 34 the srant thranghbedightreanitting diqde 804 led t o
the gate of tt}g eto&B%Fﬁlsé ?Pt?l }nﬁué | nearl ze the operation of the JFET with

a capacitor pros\?l The output voltage V[err] may be
coupl ed to a phone Therimdmed cuerersti K(El-+iyf) flowving thrapglr thp collztter of phototransistor 306 is

7 WD 98/ 332

PCT/ US98/ 0147 c?°“1§°d from ap ipppt gfia, gyrrent mirror 350 to provide gy autpt gurren Jays ProPortioRal pE 4

pernits opgr attb €ie phbtofsisisiedlleclopvureat KAYH,). Azimttartgsxstors RE1 aSRENSet the
saturation voltage of tranS|stor 306 is rethe% rr].mnus a Vierr]
plus the vol t ZYESRITH} of the outpub iresafo gercollp ‘iﬁf']ﬂttcb@mafa@feamﬁa

The two em tt Qfankifisl dindhkichs if¥hd c@rdat Mirdor350.t TR oulput curfellf deP8lbpsd voltage BB Pe
used for controlling the currents so that the photo transistor 306 is

nom nal |y operastoshiveltage eratrellsdirasistyree 33 kand that a9lﬁsﬁ 1 compprgd by prejingegrator 356
obt at ni ng t he \R# 4 JeftdidE voltage (here 0.62 volts) developed by a voltage divider 352 from a low

30 voltage source 354 (here 3.6 volts) to permit Voc to vary without a gain effect. That
comparison is integrated by an integrator 356 having a low cutoff frequency of about 10 Hz
to control the resistance of the JFET 351. Also the AC current is provided to the gate of the
JFET 351 to linearizé the operation of the JFET with a capacitor providing DC isolation.
The output voltage V;; may be coupled to a phone line or receiver through appropriate



-desired resistance of the PFET. Further, although the bandw dth of the

Gl r eui-t - g& $ good as the enbodi nent of Figure anbﬁﬁwgk{curt
has a broa andwi dth as the current mrrors strive

voltage at the collector of the photo transistor 306 constant. Further,  the
circuit 10 still provides the sanme ratio-less transfer of signal by
controlling tH@ﬁéﬁﬁrvalent resi stance of the photo-transistor in the

manner described algygmbdaimelit SSFIGURE $permfts bsekiidf 8t dxtretabl9 16wWEVoltage. Asto)tgth

respect to a reference voltage using a |ow frequency control |oop such as
i nt egr at or 358s the saturation voltage of trpsigter; 396 aﬁrmeet}@nt taW&? Yex Plug the velfage diops

300 - such as t 1l %?t?dﬁa h
circuit 300 agﬁ %he bgl'lte ut o\?l g’%o er suc cr rcur csegggza{’eléﬁ%gﬁggﬁ

phone |iné thcmnyhmpqmapba méfduuéﬂtwﬂmgghmurrgnts s(rtizatahmbhotoerdnyllstpr' 306 1§' he
output of the_fi ch glrcui

o .
appropriate bﬁ??’é’?#’ﬁ%peﬁtﬂnﬁ ﬁ tPe ltso F?f‘ermgge an%?}s';po ﬁgéjﬁﬁ aof the
nmodem and t hedésipdiesifanteof tint FRET. (Fiuthdﬂ;}hthmgh(thh Handwidth dfshemﬁmmttsdotas gobd

out put of the trans ter ator. _Thi i.n rovr des a full
Qupl ex opt o- 35 the Srbping ol Figle 2 e crui e  Brong BOCPEIR T B HEVRTRRORSr | or
art circuitrytod fh@%ﬁag@%f 186 &ﬂiectgpofthe FERFANSIEbS3 06 afkstdnt CFuthe) theirbuit
circuit of FIGURE ot her enbodi ments of the circuit

woul d be ¥ead wlypraplﬂa?féﬁﬁantedatwwfemsrwl.ba controlling th¢equivalentresigtpnce §fir se,
the use of th %B&l- a5t ﬂrﬂ'iEE:ﬁarﬁ\&E‘&s&f%d S’d%vé byaditing fhe tRIsBRROMD e FE‘l;]e

applications t coul d be used i n other applications. For exanple,
primary side #ith resbect to a refergniceyvoltageusing d lgwifeequenayjcantrol Inep gnch mnscg@todé% n

any of the errbodl tfﬁrxrpin(l:ltcﬁg&%fo usé&v ::értlxg %Oaglgchasatos%tﬂ i ltl%eus'e&]e

ratiometric conmpensation cou ofation
~coupl ers wher &ht mputsafairstsuchi mma300rmdtﬂe@|n’wumfeneha@udtmcmd30tﬁs couplddue & her ,

the entir ot ransforr r ef er.abl 13 '
opt ot r an lsor rrBP%“eé'é’E}‘H PYIRRS} o‘?‘g{eggg PHPRLY tnd R By g’gﬁofc]i’er%rﬁ'i‘tf with

t he only ext eewhlcireginpoarie edupled @ironphitheappropriate bﬁﬂfmngfclréditﬂo tlretre@tvciar S.

Al ternatively, ui ot he he. opt o- | er oul d be .
fabri cat ed ond't"J‘H%A"‘é"fSor °fr'}}ﬁ’%‘§{"gta§éﬂ%rni‘%? th?/\?htﬁ‘?’f “%ﬁ‘é’hS ?‘Btsﬁﬁ‘ﬂgr%‘rpj c{C)tﬂ

separat e i nt egapiest titd thaabthiter drand@#uRor.JEhib edrithiation Browdeé SAllaupleroptdher ef or e,

recourse as to the scope of the invention should be had with the c| ai ns.
8 VO 98/ trapsieymer but requires four fewer pins than the prior art circuitry and fewer external

PCT/ US98/ 49147 @omponents than khePridt % circuit of IGURE 1. A opto-isolator circuit
i solating a source providing a variable signal at an output with

DC i sol ation in rediBnger erabagiments oftheccircwipwould bejreadilypnesentde thgse of skillin
a primary si d@:e' tfk‘fgltgf&grse, the use of the opto-transfo erneedP g lmgted?o {eiengnyem tting

source emtting ht I'n response to a signal app
to the sour ceapldmdhons but could be used in other applications. For examplej thepritharysidgdbhkefat or

generating a f[:tgu?e 4 &3 esdsgd.'?slth rmltjaet'y Q'ge 1% §' 9f the embodiments of Figure 1 and Figure

25 2. In addition, the ratiometric compensation could be used in other types of isolation

U:C

couplers where the same or similar problems are encountered. Still further, the entire

optotransformer or preferably pairs of the optotransformers could be incorporated in an

integrated circuit with the only external components being the capacitors of the integrators.

Alternatively, all of the circuitry other than the opto-couplers could be fabricated on one
30 integrated circuit with the opto-couplers on séparate integrated circuits to provide better

isolation. Therefore, recourse as to the scope of the invention should be had with the claims.



:the.input signal for application to the Ilght emtting source;

a secondawbggy_«ggssl nel-udi ng: - P(_ar,gg;@;oi)ggt ector
havi ng “at’ | éast two ports and responsi ve to the light 10

em'tting source providing at a port a signal to the light source related to

t he I clai bias signal plus the input signal by a scaling
factor, the nagnlrflude of the scaling factor being
unknown; 1. A opto-xsolator circuit isolating a so@rce pfoef@tmaﬁatblé Sigal gEdrsuijudivith
providing a refer e{}%(e I ta and control
circuitry responsi vé-sgiaf F?PB?%%%WF&E}%“ pignal gomprising:

ratiometrically: cow%gdé@aumﬂg scali'ng factor such that the variable

si gnal at the output is independent of the scaling
f act or . 2.0 The & lshhFmitine sopse pifting iabt @irespopRe te  fignalepplied
circuitry 4 ncl udes: a difference circuit responsive
to a DC vogl tage across ttﬂéhepsh%rtcognt ector and the reference

vol tage to produce an out put pfwmiaﬁmattormmﬂﬁxﬁrmmm&dedhe
DC voltage and the refergnc . a

control | abl e conduct ancetﬁ?tﬁl\g/utsg) laﬂgapgpg%e’lrl?nmr}%}lghtgg%%mn% *t 0 the sensor
and a second term nx'adecummtyrsmllehnchglmghe conduct ance responS| ve to the out put
of the dlfferenec‘aFrcuh 1 HC*{E of
claim2, wherein the differerft teeiPt %aaeﬁﬁﬁf%‘f?mslagﬁffmvﬁp gligh

than aboute one hundr ed hedittibg source providing at a port Jﬂigtaﬁortﬁdlight Surde/rélhtedl & the
wherein the difference circuit has a_cutoff_ frequen

t han about ten hertz. bias signal pus the inpytsignal I?Y(ﬂﬁcﬁl“'tﬁfg"é?"a‘ihﬁmgm% PEhA t he

transconductance has a tdahind h&@érHeh@lunkdod; t hird . term nal
being held at a reference |evel greater than the reference voltage. WO
98/ 33285 a reference voltage generator providing a reference voltage; and

PCT/ US98/ 01470 6. comJtt%c&.trwétbtmﬂ,tt&th@%énce%ﬁ%g%ttt the primary
side is coupled to one of a gro stin :

t el ephoneld i ne and a tr antomsttically somipenkate ﬁ:edwrsddmgfm@euqlehaIMaaeble signal

a group consisting of one 7.
The circuit of claimb, erg&%{" deﬁng gl‘at’él‘falilgé‘f%a(‘::%(;rrponent conprises a
| i ght. emtting di ode _and t he phot odet ector conprises a

phototransi st %r ) The circuit of claim 1, wherein the control circuitry includes:

a difference circuit responsive to a DC voltage across the photodetector and
the reference voltage to produce an oufput proportional to the difference between the
DC voltage and the reference voltage; and '
-5 T a controll_able conductance having a first terminal responsive to the sensor

and a second terminal controlling the conductance responsive to the output of the

difference circuit.
3. The circuit of claim 2, wherein the difference circuit has a cutoff frequency of less
than about one hundred hertz.
4. The circuit of claim 2, wherein the dif_ference circuit has a cutoff frequenéy of less
than about ten hertz.
5. The circuit of claim 4, wheretn the transconductance has a third terminal, the third

terminal being held at a reference level greater than the reference voltage.

: * c L M s *




-8. . The circuit of claim1, wherein the control circuitry includes an

1ntegrat r sive . to the phot odet ect or 9. .
The ci rcﬁvfwgégc aim8, wherein the integrator has a cut of?Cng%ﬁffgﬂ@y' of _
[ess than about ten . hertz. 10. The circuit. of

claim1l1, wherein the photodetector operates in the current node. :
11. The circuit ofbeispihpficlaigy]ewhersinthernrimary sids i coppledii@ oppfe@eP has a DC

| evel and the . consisting of the t3EHbhlineGhfl § rhadshifiter and the secondar;hside is coupledto 2
first circuit having an input coupled to the first port of the

phot odet ect or a group consistingp4 gnextelephone ling and@irecedigt put , the first circuit
‘out put being proportional to twice the DC 5 ' | evel plus an AC -
conponent proportional to the variable input signal; and o

a second circui.t colhe irduit of dlamdhwbéreinitheighhenifting sompainenttomptisesadight ol t he

DC vol tage ,acrpss the first circuit. . 12. The
circuit of claim 11?m%%éqdﬁ a'f‘ﬁ e?’?qgg#leﬁ{c’f ‘é‘fﬁplnsiscf’rf%’ﬁ"%%“s&ﬁ' operational -
anplifier _ havi ng i nverting and noninverting inputs al ong
wi th an output_and a FET ,cgéﬁ)l.ed . . _bet vvegn the inverting

i nput and t he $ut putherguit o, Wherpin sheoptipl cirpitngingludys g dntegrator responsive 3,
The circuit of claig@yephoild@eqd the second circuit conprises a | ow pass
filter responsive to the output of the operational
anplifier and the control electrode of the FET bei ng

responsive to ¢ he fidd&lnit of claim 8, w}'xer;iﬂthe in&%gﬁgﬁdéra%ﬂoﬁﬁgqu&lc?ioﬁegs]t? wher ei n

t he phot odet ector has an output voltage sw hg Fe first
and second ci rcui t saboattenbergai n t hat substantially cancels the out put
.vol t age swi ng of the photodetector, thereby increasing a
frequency bandw dth over which the opto-isolator circuit
may be used. 10. The circuit of claim 1, wherein the photodetector operates in the current mode. 10
WD 98/ 33285 C
. PCTI US98/ 01470 15. The circuit of claim1ll, wherein the circuit

vincludes a ref B encEnedielioofclGANSHwAérein a first port of the detectorhaOy DAile@] intlthe
:reference voltages, the first of the reference voltages being

rapproxi mat el y equal COFOLFICYITYs t he second reference voltage, the first
‘reference a first circuit having an input coupled to the first port of the photodetector

and a first circuit output, the first circuit output being proportional to twice the DC
5 Ievel plus an AC component proportional to the variable input signal; and
a second circuit coupled in feedback with the first circuit to control the DC

voltage across the first circuit.

12 The circuit of claim 11, wherein the first circuit comprises an operational amplifier
having inverting and noninverting inputs along with an output and a FET coupled
between the inverting input and the output and the FET having a control electrode.

13. The circuit of claim 12, wherein the second circuit comprises a low pass filter
responsive to the output of the operational amplifier and the control electrode of the
FET being responsive to the filter. .

| 14. - The circuit of claim 1'1, wherein the photodetector has an output voltage swing and
the first and second circuits have a gain that substantially cancels the output voltage
swing of the photodetector, thereby increasing a frequency bandwidth over which the

opto-isolator circuit may be used.
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-vol.tage bei ng approxi mately equal to the DC vol tage generated across the 5
phot odet e ﬁgéj wher ei n: - - ~the-fir

i_ncl udes * g& Irst difference circuit to determ ne the di fferg%%@bgﬁdﬁ%
between the first reference voI tage and the out put of the photodetector;

and nd.circuit clude second dlfference
circuit to proW-de The ?’FFé“mfclalm ?lew%eremthe 8EFPBEH° @FSTWZ“%EK?}E%EF?% J

si gnal "proporti onal M@&Wotrkfe:eﬁxamt&geertwﬁm&t@rxereferencevoltagesbﬁmeen the
output of the first circuit and the second reference voltag

16
The circuit of cl ai ARPISKImAIelegrs] to half Sfithesteogndeltiencs Yolipase e Dist Fefarmasest or
coupl ed ltagDBE $3RateHRhal 8le DS, riba bdiGss e St
circuit such that tﬁ% ET lgggﬂbr Biiigea © ow%zge apprSf(%(l mat el y
equal to the secondph@bde&g@r,taadmemt put of the first difference
circuit. r h '
circuit comprises an i nt élbe%t%rclﬁy mE:lugés acl‘lira dr?fe}gdce E{gc%t% det u‘tuﬁl%cftg? ?g%{?&%% y
of about ten hertz. betweentheﬁrstf’efﬂerencevdl@eamdmeuomtpmfofﬂie@hmdqtecmrmﬂi n the
control circuit further conprises: .. : . . ...acycrent mrror
having a mrror current ﬁ?‘?% °“§ STgt fastudes p seqopd diffgrepsn cirgyit f%’é‘m&e at the
phot o detector and aﬁ@wdme@nabfrmfa digtlal 9ﬂipoﬂrdh4wsmaeﬁmewdlﬂéreﬁd&e si gnal
provi ded y the detector
control | aBPe resi st B?F&’ée‘b%ﬁ‘l‘te‘& of therfps c*wmfi the serand referargsyeltage.
an integrator responsive to the reference voltage and vol tage generated
across the controllable resistance to provide the radionmetric conpensation.
19. The cirt@it @he eircuitof ¢lgim \havherem the\Brsteircuis includps & trnsister eowpledi ncl udes

emtter betweer[ tﬁ? in?h?a%ﬁ%-?e ot BERLEL aﬂ;uﬁl sﬁcﬁtﬂha? th%fFE‘[‘%‘ad&‘ﬁE:e nt at
t he input and the outp

20. - The circuit mﬁltagb approxi®ateiyegnalitonthe Is@ondw@ggalocshe m@upaftbe figst diffletencre
at the output of the current mrror with a fixed reference
vol t age. WO 9§f§§t285
PCT/ US98/ 01470 :

side further S an | nal . i o ser.i es W
light emtti ng?gg (S!.ge il g@%’@ﬁ@"r‘ﬁ? Spond qirguif, conaprises An infegrpto r}'navmga
conprising a cur ren'E:utSﬂ.'lfn"eQ\(ibncyof'.!tbout’ct:nhertz.

The_circuit of claim1, wherein the primry

18. The circuit of claim 1, wherein the control circuit further comprises:

a current mirror having a mirror current input responsive to the output of the
photo detector and providing a mirror current output a mirror of the signal provided
by the detector; _

.5 ’ a controllable resistance coupled to the mirror current output;
an integrator responsive to the reference voltage and voltége generated

across the controllable resistance to provide the radiometric compensation.

19. The circuit of claim 18, wherein the current mirror further includes emitter
resistances for adjusting a ratio of the current at the input and the output of the

current mirror.

20.  The circuit of claim 18, wherein the integrator compares a voltage at the output of

the current mirror with a fixed reference voltage.

_—
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22. . The circuit -of claiml, wherein the primary side conprises a voltage
I nput coupled in series wwth a parallel circuit conpri-sed..of ..—
t he ‘bi as 8 18P388r and the photo detector. 23.  PCHEBHMA4T0r -
providing DC isol ation between an input signal having an AC

conponent supplied at an input port and an output signal at an output port
havi ng at 21.  The circuif fglaim &, wirGie epomentside farther eemprises dndinpui signal ipor t
by using an opti caI t ting
device primary st age éaglr?ﬁh‘ecﬁe “%8‘8‘“%“53 o gnedggér:pgé %énglgm? tﬂé@ggesmm
optically coupl ed twmphangaglntenmmel ng device with an unknown scal i ng
factor, the _ met hod conpri si ng:

-pr ovi di ng a fixed bias signal to a light emtting deV| ce to provi de a

constant 22.  The circlif cfSlald 1] Wikrdih O ElREBCS d¥ comprisks a voltage input coupled in
controlling the conduct ance of the phot odg%ector with respect to a | xed

bi as 10 v orReryeth apselieh ircpih eomerised fbniiat geafraioﬁ@d@fgmro ecthe
output port varies with the i nput signal and is
substantially independent of the scaling factor. 24. The net hod

of clai m 23, W#Rer eiAmethed fgprovising (g isokatiombetwesnan inpatsignabavingian AC
forcing a fixed DC
met hodgof claim 24,%&#%:?%?5“3@#%?%% gﬁtgm%&gﬁ}%%lgﬁl gtgag ogg)ﬁ%%g’tslggm EQ?

determ ni ng t he di fiéast ank@ cioaponer supiphied BEhe/mitivg gert by nsigsantdpticah batpledet ect or
and a fi.xed Lt age .Th thod of clai
wherein the di ffereﬁg‘é’ng%?t{ t oping dexies pHpan S sgggfm 44 photodetcitor sdcondary s@g
vari abl e igpedance djbﬂvau@reoﬁpm tHedight disitting devitd wiglearamknsven dchitngfaabthet ect or
S etﬁ% 27. The met hod of claim 23, wherein the
met hod conprises:; Mmethod comprising: adding a DC voltage to the vol tage

across the phot odet ect orprbwdifg ££ikeéd bas signal to a light emitting 84\6¥R6!pi6OidE a@6nsiint &
sunmred node determ_ning the DC voltage difference between

the sumed vol t age bigfdo thephatedetecioraandnce vol t age; and

12 WO 98/ 33285 controlling the conductance of the hotodetector with respect to a fixed bias
PCT/ US98/ 01470 5 contro the DC voltage to be

added to lhe volt ag@ltggp; wherein the P&.mn@ponent of the s1gna1 at the output port varies with the
input signal and is substantially independent of the scaling factor.

24. The method of claim 23, wherein the controlling of the conductance comprises

~ forcing a fixed DC voltage across the photodetector.

25. The method of claim 24, wherein the forcing of the DC voltage comprises
determining the difference between the DC voltage across the photodetector and a
fixed voltage.

26. The method of claim 25, wherein the difference controls the conductance of a
variable impedance device such that the DC voltage across the photodetector is
fixed.

27. The method of claim 23, wherein the method comprises:
adding a DC voltage to the voltage across the photodetector to create a
summed voltage at a summed node determining the DC voltage difference between

the summed voltage and a fixed reference voltage; and
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. detector. 28. The nethod of claim 23, wherein the photo detector
produces Sihput current, the - nethod furtfefubdafdigt ng:—
mrrori rrg&?'?ﬁe current fromthe photo detector, -
provi di ng the mrrored current to a controllable resistance and 5

output 150 e S R PPt RS B oA D act .,

29. The met hod Ofetedtg@l M 28, wherein the nethod of controlling the
controll abl e resi stance includes conparing a voltage

devel oped across the controllable resistance - ~wWth-a preset
vol tage and 'ﬁ‘éegfﬁé&&hw&f&m%r«,ﬁean Kﬁ%a&i&&&gﬁ&&&@m itk clrht, the
control |l abl e Tesistance. circuit for conpensatl ng for an
unknown scal i ng faumhodlﬁlmmemﬂwlhg coupl ing of an i nput |
energy emtting corrponen. res “v nd a sensor responsive
to the & %%n nﬂé&’(‘:on%%téﬁ% @Ee circuit conprising:
a fixed bias si gnal gen@fcﬁi&rfgthmluﬁiretgcua-eﬁﬁtuedoxhioﬂsblstagisahcd; mdugh the
energy 5 em t

circuit céupled to the §%‘H‘s° ngml %gﬁggxgﬁﬁll@ﬂ?rersié?f‘%et%%@a © pgut '

"'n

sensor substanhéllyfmdegehdbﬁtofﬂﬁrsemﬁgfatctbrl he fixed current.
31. The circuit of claim30, wherein the equivalent resistance is fixed
by fixing one of a group consisting of the (1) DC voltage

and (2) the Pl ugpht hemb o QhikP RS wherein the methodf controllidpah&dnbblidbledf cl ai m
30, wherein the equival ent resistance deg:nds on the scalin

factor and the cur resistanchineludds comparingaivolisgsdevelepsd serassdhe conpelinble revistance

igal ing factor. with a preset voltage and integrating the comparison to set the resistance of the
' controllable resistance. ’

30. A circuit for compensating for an unknown scaling factor between the coupling of an
input energy emitting component responsive to a current and a sensor responsive to
the energy emitting component, the circuit comprising:

a fixed bias signal generator inducing a fixed bias signal through the energy
| 5 emitting component; and
a circuit coupled to the sensor fixing the equivalent resistance of the sensor

is fixed in response to the fixed current.

31. The circuit of claim 30, wherein the equivalent resistance is fixed by fixing one of a

group consisting of the (1) DC voltage and (2) the AC plus the DC voltage.

32.. The circﬁit of claim 30, wherein the equivalent resistance depends on the scaling

factor and the current through the equivalent resistance depends on the scaling factor.
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