TRANSI MPEDANCE AMPLI FI ERW TH DI STRI BUTED CONTROL OF FEEDBACKLI NE BACKGROUND
Technical Field The inventions relate to electronic anplifiers and net hods
of oper atwogoslaetosoni ¢ anplifiers. Discussion of the Recatwdobiosicdhi s
section introduces aspects that nmay be helpful to facilitating a better
under standi ng of the inventions. Accordingly, the statenents of this
section are to be read in this |ight and are not to be understood as

adm ssions about what is in the prior art or what is not in the prior art.
Figure 1 illustrates an exenplary light detection circuit 10 that is based
on a differential active IVPERD b | 12 and a matched
pair of reversebi ased pho?%@%sc}es 14?%@%gir%%§@<ﬁﬁzcti on circuit 10
measures di fferences iRISTRBISTEDeCSONTROLF FEEDBACKCLEREt on the two
phot odi odes 14, 16. In particular, the first and second photodi odes 14, 16
produce respective first and seconBAUKGROUND ents |1, 12. The magni tude
of the first output current | | and the second output current 12 indicate
t he i nt ensi tRechificélli@eldi ght LI, L2 incident on the respective first

phot odi ode 14 and_t he second photodi ode 16. The differentjal ATIA 12 is a
current - Po- vol t aﬁledﬁwap%wlatme(f%qﬁ@plwéla&éw,rs FHeTE OIS RER B8 veen ¢ he
vol tages at Jiheohicrsiplidied, second outputs of the differential ATIA 12 are
about proportional tg)the di fference between the currents I, 12 that are
appl i ed to thhecussiosbf tieRddedAd i nputs of the ATIA The differential ATIA

12 includes an electronic.differenti al lifier d.first and second

el ectrical feedback® ¥ %%ln%du%‘ﬁ .aSpﬁ‘fgg tp%\r;%fyt?Wlﬁg@tﬁgﬂﬁia&maﬁfbﬁg?rent i al
anplifier 18§nuB¥taRaie of ¥ ifhentidRY ALCREHARC e stitdrBMtPst Ritscbiefancs, and a
hi gh vol tage gain, e. as an operational anplifier. Each electrical

f eedbacKOl i meadip,thiz i ghmdwdégotatolbesméqr@tpows insiensehont whit is selibavkr | i ne
20, 22 connectosr N isOIIottinht‘fl out put s 24, 26 of the electronic differential
anplifier 18T Y 4 correspoﬁ(ﬂ Rg one of the inputs 28, 30 of the electronic
differential anplhifiren ill@tiatcsan\cRbip@ey Iight @etetiich STBOUNEN. thadihvBased on a

differential active transimpedance amplifier (ATIA) 12 and a matched pair of reverse-

biased photodiodes 14, 16. The light detection circuit 10 measures differences in

15  intensities of light L1, L2 incident on the two photodiodes 14, 16. In particular, the
first and second photodiodes 14, 16 produce respective first and second output
currents 11, 12. The magnitude of the first output current 11 and the second output
current 12 indicate the intensity of the light L1, L2 incident on the respective first
photodiode 14 and the second photodiode 16.

20 The differential ATIA 12 is a current-to-voltage converter. For that reason,
the difference between the voltages at the first and second outputs of the differential
ATIA 12 are about proportional to the difference between the currents 11, 12 that are
applied to the first and second inputs of the ATIA.

The differential ATIA 12 includes an electronic differential amplifier 18 and

25  first and second electrical feedback lines 20, 22. The inverting electronic differential
amplifier 18 may have a high input impedance, a low output impedance, and a high
voltage gain, e.g., as an operational amplifier. Each electrical feedback line 20, 22
includes a resistor R. Each electrical feedback line 20, 22 connects one of the outputs
24, 26 of the electronic differential amplifier 18 to a corresponding one of the inputs

30 28, 30 of the electronic differential amplifier 18 in a voltage-inverting manner. Thus,

the electrical feedback lines 20, 22 produce negative feedback that can stabilize the



the electrical feedback |lines 20, 22 produce negative feedback that can
stabilize theoperation of the electronic differential anplifier 18. In

addi ti on,woheiw®siost ors R are passive internal |oads thatTasablbe3dcbe
currents input to the ATIA 12 to produce output voltages. For that reason,
the ATIA 12 functions as a current-to-voltage converter. Each phot odi ode
14, 16 has an output that connects to one of the inputs 28, 30 of the ATIA
12. For that reason, the ATIA 12 can prozluce two vol tages whose difference
is indicative of the difference between currents produced by the two

phot odi odes ogaératlgn@ of Ple& bl dIRYLhi qlﬁghﬁgr fde ﬁ?ad&l‘t’i(g@ rfﬁesreﬁgt%rsafk R

indicative of the intensities of the , L2 recer'ved by the
phot odi odes phdsivelidfernd doadls ilfa¢ ceabdethb etiwers ittpe tostbe tAAgAs] 24b prévkice wotpout put s

24, 26 of the. el ectroni differepntia |f|er 18 ca owdearreasure of
Che Gt Dor enlfese Fble w12 ABRlibhsula ke - RS EGufulh ot the
two phot odi odes Izhch bRotoBIBUEF4 SWMMARY oAuBRRBEGInds:s kOGAASIRE: BpuB!2BCE0 ONi C

differential anplifier and an electrical feedback line, a pIurallty of
el ectricdl s6thcASIA dAdFanthel isatonothic A Hdnta esinlpspductiwo eplieges wdabe f eedback

i ne_connect gyga, QUL Uk Ol L RGHRELENE, ATRLELLEL IR BF BRYL ot her eof

The el ectri sSources connec to Nnodes on ronic sdback |ine.

The el ect r orphetodivics 04| & Sisccabd hiaghineids bothagh cuﬁientsmife glkeaididatiat oftgr ces in
a nmanner responsive to a current input to ctrical feedback line. In

some enbodi rispgtigtolithelighidds b2 ﬁ%cewﬁ@mhw%ﬂt?@lg)d%fl“e|1@é’fﬂ? figlgrensgur ces
I ncludes a GUILEALLSOMIGEs RARDET GHlpiO 28280 MAGErect IS Btk @liiaf

el ectrical sources nay % %tqge a cufrent sink connected to eac%mﬂfi%er

sone eniodi n@ntas pocfwddmmmm aff ths diffdnencp lbatvaden tthe iafeneitiecdf the dilghisloy rIQes

i ncludes a curr, si nk c nnected to each node. In sone enbodi nents of the
appar at us, trﬁ‘éﬂ\teglrﬁtmﬂ twarp E"db‘lﬂ‘?ﬁlértﬂﬁed to cause a difference between an

i nput DC vol tage of the electronic an%l i fier and an out put DC vol tage of
the el ectronic anplifier to evol vBRIEFSSUMMARY 3] ye. In some enbodi nents

of the apparatus,, a?a?1’f§t15911llh<? aﬂe? G EHERAHLIAnGAR aﬁcf‘zﬂijélegﬁq Mol tage of
Ve to a preset val ue. b

the electronic anp ler to sone enbodi nent s
of the apparfeéd]nack hﬂrte a@lhea]nﬂy@jﬁlehzctmm gontdegrandralcldasnia csetmlttﬁl. eltect roni c

ol 111 copuect o L, Pherdte, (e electr 6ol SO eee 168t pecurr on
el ectroni ¢ hereof. The electrical sources connect to nodes on the electronic feedback line. The
electronic controller is configured to adjust the electrical sources in a manner
responsive to a current input to the electrical feedback line.
In some embodiments of the apparatus, the plurality of electrical sources
20  includes a current source connected to each node. The plurality of electrical sources
may include a current sink connected to each node.
In some embodiments of the apparatus, the plurality of electrical sources
includes a current sink connected to each node.
In some embodiments of the apparatus, the controller is configured to cause a
25  difference between an input DC voltage of the electronic amplifier and an output DC
voltage of the electronic amplifier to evolve to a preset value.
In some embodiments of the apparatus, the controller is configured to cause
input DC voltage of the electronic amplifier to evolve to a preset value.
In some embodiments of the apparatus, the electronic controller includes a

30  second electronic amplifier connected to operate the electrical sources, e.g., the



feedback line. In sone enbodi nents, the apparatus includes a photodi ode
connected to one input of the electronic anplifier. In sonme speci al

enbodi nenve,2otodn@1mppar at us i ncl udes a second el ectri cal pteasb@aok3dssne and a
plurality of second electrical sources. The second el ectrical feedback |ine
connects a second output of the electronic anplifier to a second input

t hereof . The second el ectrical sources connect to nodes on the second

el ectronic feedback Iine. The electronic3controller is configured to adjust
the second el ectrical sources in a manner responsive to a current at one of

the inputs QfbM&ott8EhiPahISs, P hiahh& respblsi SO St FBGCIahe SRR BNt S,

the second electrical sources may iInclude a second current source connected
t o each secdaglbaddkne.l n sone such special enbodi nents, the second

el ectrical sources may include a.second current sink connected to each
Second node. I n' SBBL GRROUEEHa I aRBUAN SIS aRbO O ERR RO ECdaR ORI | e
includes a sg&ARdiR @sdoa @Ry fier connected to operate the first and
second sources in a manner responsive to a current input to the first

el ectronPc feedbdglkomp aeccidbembodinntss fecipatramstiedides atsscandrefdsérical ncl ude an
el ectroni c_gongral Ler, oni.auted L0, coTRSNSALGfor ALLfaranGe. bet neen a

magni t ude of "a@ curren irs eedbac i né and "a nagnltué% of a

current in tibaibaecindcdnaesh acdcorid@itpd oMechdet tiohicapgildick fPa &stoAd Inpui ncl udes
inputting a current having a DC conponent to a |inear electrical feedback
line and adjth&eeind heispeandhaeiiacat smitices|caprgCh il ROdsH an Hissecoreeleqlioaisy

el ectrical figefactind IR AQMRK SohBnds OffBike Ol ANEAESLIARICRoAR L1 er

to an input ectronic anp Ier. justing renoves t

conponernd ofsotfees mur memier Fesponsiveste groanteniodt ohbef therngans ef the biecwatic f eedback
| i ne between thﬁ,sources in response to the receiving. The sources connect
to nodes on #®Wile-near el ectrical feedback line. In some enbodiments, the

rot o L e, | 6L A el GOttt oot o
t he adj usti ragsecorsl audest ganera@nienedioeadr second node.

In some such special embodiments, the second electrical sources may include

15  asecond current sink connected to each second node.

In some such special embodiments, the electronic controller includes a second
electronic amplifier connected to operate the first and second sources in a manner
responsive to a current input to the first electronic feedback line.

Some such special embodiments further include an electronic controller

20  configured to compensate for a difference between a magnitude of a current in the
first feedback line and a magnitude of a current in the second feedback line.

A method of operating an ATIA includes inputting a current having a DC
component to a linear electrical feedback line and adjusting first and second electronic
sources.

25  The linear electrical feedback line connects to an output of an electronic amplifier to
an input of the electronic amplifier. The adjusting removes the DC component of the
current from a segment of the linear electrical feedback line between the sources in
response to the receiving. The sources connect to nodes on the linear electrical
feedback line.

30 In some embodiments, the method further includes operating a set of current

sinks or current sources to source or sink said inputted current.



nore control voltages for said sources with an electronic anplifier having
one input connected to receive a voltage at an input of the electronic
anpl i fi erwendiodnaviong a second i nput connected to recei VeCca/usedionsf6E
voltage. In sonme such special enbodinents of the nethod, the adjusting
further includes biasing a pair of current sources or current sinks to
source or sink the DC conmponent such that DC conponent is renoved fromthe
segnent. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a circuit diagram
illustrating a configuration in which an active transi npedance anplifier

(ATIA) may be used fQe @E@%g‘ﬂhﬁen%i JriBE FBESE, thd a&jiuﬁtr"ﬁ% iﬁ@lﬂde’?ﬁ%ﬁ@ﬁtiﬁg%& yed

light intensities; Figure Is aclircult diagramill ust ng a

conf i gur at i omork womihdlololtagdsifpstaidsrvoats vetit anoflecronATindplifer Havivg ané mpat

t wo- ended manner; Fiqure 3 is a diagramillustratin .configuration in
whi ch t he AFPRTGSICRPatetyes yaltage PATPY of thy Slestebnisiatael AR ViR Bur e 4 1 s
a circuit disg@imdmputlcesidctlditdgeivenbicgdtcdtbRiket hat incl udes an embodi ment
of a single-output ATIA, Figures 5A - 5B are circuit diagranms illustrating

confi gurations i dnwping Ruch sph¢iplderebrsivainie at thefmekodathemdjustiog fwéeri n

t wo- ended mapner s;..:Figure . i circuit diagramillustrati

cont 1 gur at | ST R TS el SMESRPh M ATHATIS SRR Bl PSS sa - 58
is driven i rompdhéiglsectemaieldCrrampensnt N @Hoeedrohl s bdamtcas. Ccircuit di agrams
for configurations in which a fourth enbodi nent of an ATIA may be driven in

si ngl e-ended or two- endegRIEINDEISCRANION OF BHE DRAAWINGW chart
illustrating a nethod of operating ATIAs, e.g., the ATIAs as shown in any

of Figures 2 - 4 Figael isccrantdiggrannllpsieating gurossgerndon exwhich pikactivef er ence

synbol s .i,ndi.cat.e el.enent s .w.t i\ | ar, or e sanme f.unctions d/qr
o ooy &R0 R AT Ahputied (o PiATi vedlsql RERERTR SHBRLERIR A0SR e

exagger at ed sb@ndat&ieddaahk htédsitesi rate one or nore of the structures or
features therein._ Herein, various enbodi nents are described nore fully by
the Figures and tgurpatiap ceeripdagiappllpgmting aqopfiguaten pevipgbadittent s.

ver el oo RHFR0G0S JTBNG SIRGHLG R oue Torro and are no
Figure 3 is a diagram illustrating a configuration in which the ATIA of Figure
15 2 is driven in a single-ended manner;
Figure 4 is a circuit diagram illustrating a configuration that includes an
embodiment of a single-output ATIA;
Figures 5A — 5B are circuit diagrams illustrating configurations in which a
third embodiment of an ATIA is driven in two-ended manners;
20 Figure 5C is a circuit diagram illustrating configurations in which the third
embodiment of the ATIA of Figures SA — 5B is driven in a single-ended manner;
Figure 6 illustrates circuit diagrams for configurations in which a fourth
embodiment of an ATIA may be driven in single-ended or two-ended manners; and
Figure 7 is a flow chart illustrating a method of operating ATIAs, e.g., the
25  ATIAs as shown in any of Figures 2 — 4, 5A — 5C, and 6.
In the Figures and text, like reference symbols indicate elements with similar
or the same functions and/or structures.
In the Figures, the relative dimensions of some features may be exaggerated to
more clearly illustrate one or more of the structures or features therein.
30 Herein, various embodiments are described more fully by the Figures and the

Detailed Description of Illustrative Embodiments. Nevertheless, the inventions may



Figures and Detail ed Description of Illustrative Enbodi nents. DETAI LED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS Herei n, active transi npedance

anpl i fi erwQAdMopu1ef ers to an active current-tovoltage eomuseaien3468d1 As

i nclude an active voltage anplifier, e.g., an operational anplifier
(op-anp), and one or nore electrical lines providing negative feedback to
the active voltage anplifier. The operating configuration of an ATIA is
usual |y determ ned by one or nore DC or &l nost-DC biasing voltages. Here,
al most - DC vol tages change very slowy, e.g., orders of magnitude nore slow

than the freguanpiRs iRVefiodMhah Maledr@‘%tphdﬂ‘ftéd toRfe ORBEBMERLs dIRSinPEiAMRd

al nost-DC voltage(s) at the input(s) and/or output(s) of the ATIA may be
such bi asi ng'igwks agelDsthileddescripion peblssmtiveCnabmdimentest - DC vol t age(s) at

i nput (s) or output(s) of an ATIA may need to be set to and rapidly evol ved
to value(s) to DEIATEED DESCREIATOONrQ@F Ihf USTTRATIVEEMBODIMENTATI A. A
devi ce connecting_to an input of an ATIA an set or_change the DC or

al nost - DC vol t agddeing #VE HaRtmRReNGF apatiBei (AdflAp FRdCTate ?P HGLEI S Geh a
devi ce nmgy %ﬁtaé’e Qvii@dit 20AARIASu@ o @J&tlb?pb’ltta fa %efb‘-gl cBifioRML put

current of such”a device nmay set a DC voltag s at’ 't out put of the

ATI A due t o ampflidied pedmp ), asl afc thnorAEleAtnclahluqurdmcbmg nagzsiV@\K/aadbmkattm on in
the DC outp curren[ and/q vol tage of such a device may undesirably
change the BUYS VRHAgHARIHit and/ or output of the ATIA. Such a variation

may result from anhewp%ﬁﬁgb&@hgm@w&)ﬂaﬁ AT ACR VL ARRMRin @M Bnkiopmdpé such
a device. As an exanple, the light detection circuit 10 of Figure 1 may be

suscept i bl e DG ouplasi-PAbhiasioh seltgss.i Hetet @pr‘%]i)@t\iodiﬁg@smhﬁﬂgﬁj\m Blowly.l n
particul,ar, the phot dIOd s, 14, 1 a ed by ur
e.qg., Sgﬁt hatg 1 erSI%)OEnCe)l e e Cirﬁ slo, {hanl?heaé Cruetal 1e oL El h.liﬁg%ﬁ 1?1306

are rev Val'u€s Of the

DC out put CU)EE@JtHdS The, DG 2n@ﬁlnid§$Dﬁhﬂilﬁ@b(@}jﬁ3hélélpuﬁ(@ alnﬂ)fdr Jempats) drehdC
biasing at the inputs 28, 30 of the electronic differential anplifier 18,

i .e., input ‘cbdnBAY h@&@%@&%@lwe(ﬂ nF gdatireasAn. uand alnase Dewlinge®) | i nes
20, 22, th . t
S BBy oA S D1 rlalmed iy IUUGRAE dflo b a5t no @

t he outputs ectron|c rent|a
out put conwumhm@da)m@ﬁnagemﬁﬂedbpemmmg¢dmﬁgnambﬁwfﬂ&nﬁﬁmal varlatlons in the

out put currents II 12 of the hotodlod sl14, 16 can change the DC bi asing
at the Ilﬁput s 28, é@VI%Wn&FCt%ttBGflénp?a %AS"]L& A set or chan%e the ]%C or

almost-DC voltage at the input and/or output of the ATIA. Indeed, such a device may
set a DC voltage bias at an input of the ATIA and an output current of such a device
may set a DC voltage bias at the output of the ATIA due to a feedback line of the
ATIA. In addition, a slow variation in the DC output current and/or voltage of such a
20  device may undesirably change the DC bias at the input and/or output of the ATIA.
Such a variation may result from an unexpected change in an environmental condition
of such a device.
As an example, the light detection circuit 10 of Figure 1 may be susceptible to
undesirable changes in its operation configuration. In particular, the photodiodes 14,
25 16 are biased by a DC voltage source V, e.g., so that the photodiodes 14, 16 are
reverse biased. The values of the DC output currents 11, 12 of the photodiodes 14, 16
influence the DC biasing at the inputs 28, 30 of the electronic differential amplifier
18, i.e., input common-mode voltage Vx. In addition, due to the feedback lines 20,
22, the same DC output currents 11, 12 also influence the DC biasing at the outputs 24,
30 26 of the electronic differential amplifier 18, i.e., output common-mode voltage Vy.

In addition, slow temporal variations in the output currents 11, 12 of the photodiodes



electronic differential anplifier 18. Thus, the operating configuration of
the ATIA 12 is susceptible to the DC output currents Il, 12 fromthe

phot odi odwe 20#/14183 | ndeed, these input characteristi cspPomyuss@n/oB4e82
operating point of the ATIA 12 to a configuration with an undesirably | ow
dynam ¢ range and/ or an unacceptable linearity. Such probl ens of
appropriately setting the DC biasing configuration are believed to becone
nore severe when | arge feedback resistoré R are used in the ATIA 12 to
achieve a | ow noi se design. For exanple, such biasing problens may becone

more severe jdugs b élﬁﬁ é@n’%‘ﬂé bﬁgmg%{ O i %fti &, %@%ﬁﬁ/o‘r BufpllR 251 268 @k 1 nput

and out put DC’ conmon- nBde vol t age I"ow- noi se confi gurations. Sone
of the ill usiecaved deiffuenlmahampbﬁclalﬁ c"ﬂmsetlnsa)peraﬁog camﬁg‘umtmtof\ﬂm ANERA b2

constant or .sl ow n ut curre 0 rod ira i nput
ot orout pit SBEREIRLE BeraRR shtta ST Ta Ll ER PRGN 14 dPeiifat. | P
anplifiers aqhesBTApA® chdrh@biigice nia leat&hé @p&ﬁtllegf\p&ﬁmrih@RMAqt tef el ectronic
circuit 40 that includes an ATI e., an active current-to-voltage

convert ep h&@nﬁgiraﬁd\orawph@n|unéqserablwd@‘ardyn@wdmw adéar apmnagseptablieng frequency
range. The ATLALG2 Sl SORIEUS NI BraREl Al fc B wRsignded sonfdaur ati on,

because the WRY4§u|s connec erveccurren |npd% deV|ces

44, 46. The pAitwd43 bﬁa){né)ﬁaoﬁwd&ffh@ wried 14rge Gasdpadk rasiftafsiR afe wéed e s MAoS e
difference i s about roportlonal to a difference between the currents from
the input dé@.teéghlzme a logy-poist desigh: dXEcseTRlg, FushfEsHe Pé‘ﬁiel?@ﬁ M3y bEFABRIenci es.

rover se- bi AR Shot ot 3HC SRR IarfpATRICRE, b b Y SR ARG IBLEDET, 37
voItageﬂOmha&anmnfﬁmd@mme@bsvaquM1pwwpmséunﬁ@hntmn$he dlfference bet ween
light intensities, LI, cident on the first and seco hot es in
the presel ected fﬁﬁ 6@%%}?@ ﬂ@nggﬁa@ﬁeﬁl@%mP%}Sﬁ@é%ﬁgf \p%mu i ces 44,
46 can OUtp%%nMﬁﬁkQ@%w@?x%Hﬁﬁfﬁ%ﬁnéﬁn&ﬁﬁﬁ%ﬁ&ﬁd@?nﬁk@é&%nbEQﬂﬁﬁhﬁ@%@'Ues of

t he operating characteristic t he i nput device 44, 46 may produce an

unde5|rabIecmﬂnslﬁbbm@ngpgmk@mnaﬁm*hoﬁkahomﬁhﬁﬂﬂmﬁnmym@hﬁmmpfﬂdﬂ&sto pr oduce

such an undesirahl.e bi.asi ng, confi qur,ati nbodi ment of the ATI A 42
can compensate | QrEPRraATarS 2 ahBPRER R L e S e by FrigheludS: &

char act @xi StAT\ £, ifhan hopkt cudRMi-Rewolthde cébieier ﬁmtg dppfohdidatdinghd | | has a
presel ected and desirabl e operating configuration. 1ndeed, the ATIA 42 may

conpensat e fre¥POHsS FvsF amepalyeg (eaugnehenge. The ATIA 42 is conﬁgured to operate in

a two-ended configuration, because the ATIA 42 is connected to receive currents
from two input devices 44, 46. The ATIA 42 may be configured to output a pair of
voltages whose difference is about proportional to a difference between the currents
20  from the input devices 44, 46 over a preselected range of operating frequencies. For
example, the input devices 44, 46 may be first and second matched and reverse-biased
photodiodes so that the ATIA 42 first and second outputs voltages whose difference is
about proportional to the difference between light intensities L1, L2 incident on the
first and second photodiodes in the preselected range of operating frequencies. Since
25  the input devices 44, 46 can output various DC currents at various DC biases, generic
values of the operating characteristics of the input device 44, 46 may produce an
undesirable biasing configuration for an ATIA or may slowly vary to produce such an
undesirable biasing configuration. Some embodiments of the ATIA 42 can
compensate for relatively generic values of the operating characteristics of the input
30  devices 44, 46 so that the ATIA 42 still has a preselected and desirable operating
configuration. Indeed, the ATIA 42 may compensate for differences between the

output characteristics of different types of the input devices 44, 46 and/or may



out put characteristics of different types of the input devices 44, 46

and/ or maytenporally stabilize the DC output characteristics of the input
devi ces o 2fh/aooBhat the ATIA 42 remains at a desir ed Poparsadtiong4632
configuration. The ATIA 42 includes an electronic differential anplifier
48; upper and | ower distributed electrical feedback |ines 50, 52; and an
el ectronic controller 54. The electronic differential anplifier 48 has
inputs 56, 58 and outputs 60, 62. The electronic differential anplifier 48
may have, e.g., a high input inpedance, a |ow output inpedance, and/or a

hi gh vol tag Qelﬂﬁérﬁll¥ WABHIiSL theSHE @uﬁﬂ%l@ﬁéc@&wﬁ@@é@tﬁ& %fﬂu% Hé&éesalﬂphé’ s fgm | ow or

DC frequenci es up frequencies at the high-end the presel ected
oper ati ng rahgéTbﬁ4ﬂhenﬂI$mwﬂQwuﬁ@OHHMmgaqpﬁgunmme el ectronic differential

anplifier 48 fun cpnventi.o at i.onal |.Lfier ov

frequency range f d?ggﬁﬁfl ‘Eﬁ??}dfg %§$&¥m&PG%H@@Q¥é%oWﬂﬁf P“@Each

di stribut ed @tebhktbd sRLtritAGERBEKK lihddS0982; 5d ahREdcHERS cantr&iRgBack resistor R,
R that connects one of the outputs 60, 62 of the electronic differential

anplifiep 48 to thHe ql@ltramc\ﬁeffgrem:rﬁl@nméﬁeﬁ #phas ig@its 58 fandipatpaitet 08ni
differenti alThaer‘r:E)ecltrfo{n%r eren aq%mp?} fq’ ?é:rlﬁar ﬁgl Ste%; Sahl%h 1np1fﬂﬁn¥peﬁgnc% c“"e about

the sane resistance or ave er en reS| ‘anc upper 8v|OV\BI’

di stribut ed o@k;ﬁ@hﬁpaiahcef a@aibﬁ@hlgﬁlmﬁagd &ivh, Whongs s80 0poatipg oh{ars:teerﬁbejgat ive
f eedback t hat g%é)stablllze the qgperation of the electronic differenti al
anplifier 48PPlyHEOm BHBEPK ﬁr%lﬁg%lﬁw 1 froquengies & |thchighread obthe preselssicd| oads

that _enabl e BT LhE2r iR RPIVELL ALORURGHENADLRAO IR Hgblgges and

t her eby function n active current-to- tage converter

enbodi ment s,48tfhectionsis atoonsenRondY opeeryiohd aBpbiict ovz&w fogaendytrangmofir@n gbo@r al

i npedances, erein the 2- t devices behave as the resistors R R at |ow
frequencies0 togiosyt | gig g%X@FE t§°tal feedback line 50, 52 also includes

a pair of variablm PgiuMkan8c8atd $8&1b8% 1iR650, 88 inclfick BateBRNWRS ol R,
opposite sides of the feedback resistors R R’ thereon via inductors 72

74, 76, 78. R’ihgaohiatd @, of dacéutputs ﬁﬁ,t@rciﬁlher clattrcml@dlffuﬁml_abzenlsldinréé toij.e.,
s 2 172/ b 405D LTG0, S0 TACTON s,y oLl vl o2
at hi gh 16r equamatiefsis®rgR; R aay he@UBBabas thdkahitecHEeS@ @GhH0th P Qifbdrbmg
range of the ATIA 42. The pairs (72/64), (74/66), (76/68), and (78/70) are
cont rol | abl éctiganggp.udhe wpper and lower distributed electrical feedback eléctrical lines 50, 52
provide negative feedback that may stabilize the operation of the electronic
differential amplifier 48. The feedback resistors R, R’ are also passive internal loads
that enable the ATIA 42 to convert input currents into output voltages and thereby
20  function as an active current-to-voltage converter. In other embodiments, the resistors
R, R’ may be 2-port devices with more general impedances, wherein the 2-port
devices behave as the resistors R, R’ at low frequencies.
Each distributed electrical feedback line 50, 52 also includes a pair of variable
DC voltage sources 64, 66, 68, 70 that connect to opposite sides of the feedback
25  resistors R, R’ thereon via inductors 72, 74, 76, 78. In particular, each
inductor/variable DC voltage-source, i.c., pairs (72/64), (74/66), (76/68), and (78/70),
forms a variable voltage source at low frequencies and forms a high impedance
connection to ground at high frequencies, e.g., at frequencies in the preselected
operating range of the ATIA 42.
30 The pairs (72/64), (74/66), (76/68), and (78/70) are controllable to adjust the
DC voltage biases at the inputs 56, 58 and the outputs 60, 62 of the electronic
differential amplifier 48. For example, individually adjusting the output voltage of



DC voltage biases at the inputs 56, 58 and the outputs 60, 62 of the
electronic differential anplifier 48. For exanple, individually adjusting
t he out puwovolowagesof one of the pairs (72/64), (74/66), pCTA/SG@)/03645H
(78/70) enables the adjustnment of the DC bias at the one of the inputs 56,
58 or outputs 60, 62 of the electronic differential anmplifier 48 to which
the pair is directly connected. In addition, the variable DC voltage
sources 64, 66, 68, 70 nay be setup to cause, at nost, a snall effect on
feedback via the resistors R and R at the higher operational frequencies

of the ATl A deor RRGAUSE7LHS, VATAH78/6R% a\ﬁ@l(‘f’@% chabies i stn@&lt offhe 70

A
connect to the Ii ngﬁr el’'ect’rical feedback I'i nes throug aF\ﬁ! via |l arge
i npedances d¥C bhwsethkioghef thepepus 661§8fqr@qumts06(b§2 oFdre eéecanpiceilffethetlal

Lot o o amplrer A1 BB T R R B hE ol e el SRREIRET  he, 21

presel ect ed vhig W%és@@%@%i%nﬁ) ma8e st td'@hsé Remdit! 6habifegtonof the
vari abl e DC vol tage sources 64, 66, 68, 70 on feedback via Rand R is

smal | in5t hufgedbﬂ@lqul@ml@%/rerslaﬁ@g‘éR aThR” et bethighet @p%@mmabfrc@wnms obiée t1d4 t he
variabl e DC4\QOJP%]egse HRVE a;ﬁ%]gé gtgge u’rces%4t & §t%%u(? n%%tc}n?i%egltn%:ap DC

vol tage(s) at Inp ut O he s t he

el ectronic dilécfrﬁfa@fdetl@dckaﬁiﬁé ihroh R8nd@R’ pragsgt aﬁp@ﬁnee@du dest h%ﬂer\laJ ues
That is, the electronic controller 54 controls output voltages
vari abl e chpswaflagéregw%eés Feucxagple, dlge ingdgcters 7Zpfst JérY?a{I@We%lﬁct%d/ or

temporal |y Sttt euidhas it dle HG EhRGHIAME LTSN AIRL 1 o1 48

in the prese rrents romthe vol tage- bi ased i nput devi ces 44,
46. The 16l ecrbsnmmsd{ d0nh el prmeldﬁtladcfmqualme@eedﬂng rsigde sarthlatslheadhrddt zéedt o€

bi asi ng confjguration of the electro ffere lifier 48 in the
face of unki &%EISFVQIG%%P%F;?‘H@ %@d@n%ﬁ%e@w?ma@gékofsst lifnput
devi ces 44, AR fredReRfQMMze such biasing conpensation, the electronic

controller 54 may effectively neasure | ow frequency or DC voltages at one
or both sides of THachctreadzavkoliaSitsiporatdR thdRvariadlegD( vph@gei soprees &hbéout put

may b6 moasdred) PTG R B DCOHE RBIE i (e B Heteot R BUTP AR PP ages

of the vari ajpl &Mpdhb@ga@trﬁﬁume&e&ﬁl aRPlifi&4s aqurés@lef:@duﬁ@d@bnfeﬁ%meges
bet ween said neasured DC volta and preselected desired values for said

DC vol t age( shhat iy thg e&‘égp?lléﬁowif%@ Ad ce@tmls gulbat Ydwges ofithe vaiabls Poni ¢
voltage sources 64, 66, 68, 70 to appropriately set and/or temporally stabilize DC

biases of the electronic differential amplifier 48 in the presence of DC currents from
the voltage-biased input devices 44, 46. The electronic controller 54 can acceptably

20  set and stabilize the biasing configuration of the electronic differential amplifier 48 in
the face of unknown and/or slowly varying DC characteristic(s) of the input devices
44, 46.

To produce such biasing compensation, the electronic controller 54 may

effectively measure low frequency or DC voltages at one or both sides of each

25  feedback resistor R, R’, e.g., the input and output DC common-mode voltages Vx, Vy
may be measured or the difference Vx — Vy may be measured. The electronic
controller 54 adjusts the output voltages of the variable voltage sources 64, 66, 68, 70
to reduce differences between said measured DC voltage(s) and preselected desired
values for said DC voltage(s) for a desired biasing configuration of the electronic

30  differential amplifier 48. As a result, the DC operating or biasing point of the ATIA

42 may be suitably initialized and/or temporally stabilized in the presence of an



differential anplifier 48. As a result, the DC operating or biasing point
of the ATIA 42 may be suitably initialized and/or tenporally stabilized in
t he presewoeomil4avanknown and/ or tinme-varyi ng environnmercrafs2dloeswat put DC
current(s) and DC bi ases of the input devices 44, 46. Indeed, the biasing
conpensation may include adjusting the sign(s) and/or the magnitude(s) of
the DC or al nobst-DC currents in the feedback resistors RR R . The sign of
such a DC or alnost-DC current may be in%erted by adjusting the two

vari abl e DC vol tage sources 64, 66, 68, 70 of the sane distributed

el ectrical figeABRs4nd/bNgmea éxf%ﬂoﬁ&%ﬁ%’f@ﬂ&@ut%@%é%hﬁ&ﬁt aRROR fikigdes of

their output voltages. The gni tude of such -DC current may
be i ncreasedf(lteopeabenps Y, 40dj usting the two variable DC vol tage sources

64, 66, 68, 70 that connect.to opposite side ne .f eedb esi stor
R R byt oget herM{Ster BADr i £ aR P eRer R g e e STt AR o

their out putmamlithddEsof tRt DCE QRGO BhirrélRY irCBc 44dbdk cQRBRGE Rt orHene Of
the inputs 56, 58 of the electronic differential anplifier 48, the

di fferende beanfsnch h@Cert PupstvldCicayent rody peiavertaschyr astisting |ther @ioevariable
anpl i fier 4%)(5& Xltagg Afou 8§ gﬁr 6\(366§)]c70t ?hedslaHeecﬁ&nB%teg %f o] e a%fi' lihe86 S from

the i nput devices hus, requenC|es en oug noré t he

connect i ons 52ao g[taunﬂlgehn@tmlvbhneagnaﬁdeabifﬂleacbﬁputrv@nagesoum@&gﬁﬁude&ff 68,
70, a difference _between the voltages at the outputs 60, 62 of the

el ectroni c dPel & P&net AmosinB{icpirenpt %8/ l?ﬁaweﬁ%ﬁdc{aﬁféeaéﬁdw&%usaﬂé griticonal
difference et %ﬁ@;ﬂ)né O@m@%&ﬁ%&%i 68 BB A RYneHEM! dp §s1%48’1(}]e%%f erhgﬁl%fm

enmbodi nent s, evi ces 44, 46 are reverse- b oto €S Sso
that t héOnagmdbude&smforRh@l’ by oo et mmesasmlgt(éecaeamr@bdwtm@gm;ude bf thnadtid o
intensities ht LI, L2 incident thereon. Then, the difference between
t he vol t age? élie”i%%p‘&ﬁoﬁ%eé 60, 62 of the ATIA 42 may be good neasures of

the difference b%ﬁMﬁ@ﬁcEHﬁmlH&V%e¢PH§@§&&%%%0%§5€fﬁ@@mﬁﬁs§@%@o@ﬂ%tOd'Odes
in the preselected frequency operating range. As an exanpl & the ATIA 42

may be part ebfctrancahiderential @pipillﬁaﬂ 4%, doedifiercnthbtwicsn hombipguvelthgeoof deei ve
R At YIRS N ]
or highas. Idrrsus froantheRifugabvit&CcRi, ¥er Thid)at fréquehciddHigh @EOULh tb IRidre HRVI Ces
44, 46 may connections to ground through the variable DC-current sources 64, 66, 68, 70, a
difference between the voltages at the outputs 60, 62 of the electronic differential
amplifier 48 may indicate an about proportional difference between the currents from
the input devices 44, 46.
20 In some embodiments, the input devices 44, 46 are reverse-biased photodiodes
so that the magnitudes of their output currents are about proportional to intensities of
light L1, L2 incident thereon. Then, the difference between the voltages at the
outputs 60, 62 of the ATIA 42 may be good measures of the difference between the
light intensities received at such photodiodes in the preselected frequency operating
25  range.
As an example, the ATIA 42 may be part of a coherent optical receiver that is
configured to receive and decode an optical carrier modulated to carry QPSK symbols
at a symbol rate of 100 mega-Hertz or higher or even at a symbol rate of 1 giga-Hertz
or higher. In such an optical receiver, the first and second input devices 44, 46 may
30  be matched and reverse-biased photodiodes that are connected to detect light L1, L2
from the two optical outputs of an optical hybrid. In such an optical receiver,

intensity differences between the light L1, L2 received by the matched photodiodes



be mat ched and reverse-bi ased phot odi odes that are connected to detect
light LI, L2 fromthe two optical outputs of an optical hybrid. In such an
optical rwoebwenjintensity differences between the |iglrtThis2olb®34ezei ved
by the mat ched phot odi odesnmay be indicative of the values of the QPSK
synbol s that are nodul ated onto the optical carrier producing said |ight

LI, L2 or the values nay be usable to determ ne such QPSK synbol. Sone such
coherent optical receivers may include tMo such optical hybrids so that
separate measurenents can be nmade on in-phase and quadrat ure-phase

cormponents qf, Bﬁ&einHRQﬁ'\L@éﬁﬁe QBEésC(ﬁ*th&QPSKes?mb'é?sCtﬁat%Pé hl%ﬁhla{&ﬂ%{cﬂth\é\‘ Il then,

be nmonitored by a correspondi ng pair and reverse-bi ased
phot odi odes O@tldala:arrwssmﬂuamgdabd'ﬂgm LTHe auhpusluvointpe usiibld erdeteemsnct r om t he

two ATI As na rther Locess 0 _det ne.the values, of th QDSK
Synbol 5 moaghet QRS raTeheS TR S Deah B L NCRT I My (PR B b
receivers, td@ﬁcﬂ&@ﬁﬁﬂ@% ﬂh@ﬁs@ﬁ&hﬁeﬁné’dsﬁrfeﬁ{eﬁﬁ%ﬁ bERAIEBn UEPHRast Ang Xt ract such
QPSK synbol val ues b ining measurenments of such light intensity
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or at one gi ga-
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t hrough the variabl e DC vol t age sources 64, 0 do not substanti al

affect the fABdsdBw ke @ﬂh@fsl?rgwﬁ%d R dgteamppe’ th% V%IH%S %&%@F’Smm stsed
frequency Ofmé&?at?(ﬁsﬁtgi}llle I%QEEIL%%\E 1&% naI yzed. In sone optical receivers,
0 e

an enbodi nment e circul re t e input devices 44, 46 are a pair
of matcheéd and r duendespicalsedeipdrattbdnoaeschinyenbiey diskebrices mepbeingdsoch

differences in lig Lntensit ut .he an opti cal bri Some such
exanpl es of eégﬁ?téa& Q_Eg el Yy sttt By Pupiaes ﬁéS%Chglgér B ¢
anplifiers Qﬁtff&‘éh&%%{hr‘su%&l[u d’@{aﬁ? RTceééu% IR3L &N mBRPbERL thOhdheld cati on
No. 20070036555, U.S. Pate ication blication No. 20070071456, and

U.S. Patent 7BpphiTdald ony Paid hlghtlmpedames Q@OBOMEQ@G&%I—HWZ heatAne gigh2 of

Fi gure 2, TILA 42' " of belo ure the ATIA 42"" of bel ow
Foure 6. THGThbos Rpuor B B RESaIh Tea it ghoiduaser eafit i

i ncor porat edeiQbRIAY Fb)éo gt %Fcﬁiﬂ@%ohﬁbchbﬁd thr&izhith&latiabld PONBRagk RFted
illustrate circuits 40' " in which the same ATIA 42 and anot her ATIA 42"

are driven i §6,r6§|>éOéﬁa@foﬁuhﬁnm@ﬂg.ffe@éhfzefeéﬁltﬁ@&wr?eﬁ%l§tomRtahéBe at the

symbol modulated frequency of the optical carrier being analyzed.
In some optical receivers, an embodiment of the circuit 40 where the input
devices 44, 46 are a pair of matched and reverse-biased photodiodes may be used to
20  measure such differences in light intensities output be an optical hybrid. Some such
examples of optical receivers may be formed by replacing the electronic amplifiers
described in one or more of U.S. Patent Application Publication No. 20070036555,
U.S. Patent Application Publication No. 20070071456, and U.S. Patent Application
Publication No. 20080152361 by the ATIA 42 of Figure 2, the ATIA 42 of below
25  Figures 5A — 5C, or the ATIA 42”” of below Figure 6. The above three U.S. Patent
Application Publications are incorporated herein by reference in their entirety.
Figures 3 and 4 illustrate circuits 40°, 40” in which the same ATIA 42 and
another ATIA 42” are driven in single-ended manners. Some embodiments of these
circuits 40°, 40” may also be configured to compensate the DC biasing of the ATIAs
30 42,42”.
Referring to Figure 3, the circuit 40’ includes the ATIA 42 and input device

44 as already illustrated in Figure 2 and new input device 46’. The input device 44



circuits 40', 40" may al so be configured to conpensate the DC bi asi ng of
the ATI As 42, 42". Referring to Figure 3, the circuit 40" includes the ATIA
42 and i nwotootemi®e 44 as already illustrated in Fi gurep2rAarsdomwes4eBnput
device 46'. The input device 44may be, e.g., a photodi ode that connects

bet ween a bi as voltage source V and one input of the ATIA 42 and is
configured to receive light LI. The new i nput device 46' may be a
conventional capacitor that connects a clonmon ground to the other input of

the ATIA 42 as illustrated or nay be another device (not shown). In the
circuit 40", 4hee ATY a%ofdaﬁldé‘:tﬁﬁ PR SaMRRIRE b ﬁg"VSIth §o%'fc%n‘:7' Ad one |
anplifier 48, "distributed electrical feedback Iines 50, and el ectronic

controller Eﬂptas;)f dler ARbY 42 lahdi st qoafigareil o FacgnmélgﬁtLll'hEh@hmunmlmidcvic@m roller

54 still t th di stri buted el t db |
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configuration and nmay al so stil ? nporally stabilize the ATIA 42 in said

bi asi ng éonflgurdﬂM@Hﬂﬂmﬁéobﬁ@sﬁﬂ@Ad@nﬁ@gﬁﬁéhﬁ%WﬂQﬁﬁwﬂwgﬁphﬂﬁ@h@@ted such
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Figure 4, the CIrCUIt 40" includes an ATIA 42" and i nput device 44. In

the circuit aadlowgistiibyed clgeiiceldeodbagilingse0, 82 gn| botéil Sﬂf&e@énf Hie- Al Hs &3
hot odi od t
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between a ¢ und .and

he. l.ower input 58 of the AT In the
circuit 40" %l%SHb% RRfIRUIRGON | ?%Eﬁf bigeing aO%flf%%t@ndH%'eﬁ Pfé?%%fﬁ?ﬂ@%wﬁ et e ent i al

anplifier Ao UpRESrHESLthe Qﬁk&aﬁﬂvcﬁi gssi Jﬂtﬁ@Mﬁmt@%rbhﬁﬁtép rodBRicaR
el ectronic controller 54". The el ectronic differential anp Pler 48" can be

a convent i ortaltheantshsify efrthe bglt. L1 teasiveatahdiplyitodingads omnedmwc@cte&l | ow out put
i npedance, and/ﬁr ? h volta e gain froma | ow frequency to an upper
desired oper’RE1HEE 1 ﬁﬁ@ﬁé@l For exanple, the

15 Referring to Figure 4, the circuit 40” includes an ATIA 42” and the input
device 44.

In the circuit 407, the input device 44 may be, e.g., a reverse-biased
photodiode connecting between the bias voltage source V and the upper input 56 of
the ATIA 42”. The photodiode is configured to receive light L1.

20 In the circuit 407, the input device 46” is a resistor R” that connects between a
common ground and the lower input 58 of the ATIA 42”.

In the circuit 40”, the ATIA 42” includes a single-output electronic differential
amplifier 48”, upper distributed electrical feedback line 50, and an electronic
controller 54”.

25 The electronic differential amplifier 48” can be a conventional amplifier, e.g.,
having a high input impedance, a low output impedance, and/or high voltage gain
from a low frequency to an upper desired operating frequency. For example, the
electronic differential amplifier 48” may be a conventional operational amplifier.

The distributed electrical feedback line 50 has a form that has already been

30  described with respect to Figures 2 — 3. The distributed electrical feedback line 50
connects the output of the electronic differential amplifier 48” to the input 56 of the

electronic differential amplifier 48” that is inverted with respect to the output 60.



el ectronic differential anplifier 48" may be a conventional operational
anplifier. The distributed electrical feedback line 50 has a formthat has
al ready bwenotescrsbed with respect to Figures 2 - 3. TireTaissdmwiobissed

el ectrical feedback Iine 50 connects the output of the electronic
differential anplifier 48" to the input 56 of the electronic differential
anplifier 48" that is inverted with respect to the output 60.That is, the
feedback line 50 provides for stabilizing negative feedback. The feedback
line 50 includes a resistor R that provides the | oad needed for the ATIA

42" 10 Tunctifp;ameFbaB&IN M %rb@f&%s Fof sM48liIEAen Qﬂ‘\y&ﬂ’eé@cfack NThe RcdBRk" €d

operating frequency range. The ‘el ectronic controller controls the

f eedback | i dme50 influddser raSistar R2hatpoovidestthe led inpglet] famt(he AIIBA2"DE or

al nost - DC bias vol tages.of the electronic differe l|f er 48" are
et up and/ oruEsiogas A FSH Greien Dt iae Boiiebir disa el g Rt 1 on.
The el ectronhggecontrol | er 54" may effectively neasure the DC or al nost-DC
vol tages at the input 56 and output 60 of the electronic differential
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Wwith respectani;mfteh%’fzﬁed&apkindl/bﬂ%nﬁﬁramlskaﬂnlt&daa@désyredr@gafaﬁﬁg)od by a person
of skill in the art fromthe above- descrlbed operation of the electronic
control | er SANBgurpiign, B dectrogic qoapRllen Wempayriitcctvsly msaswe tsDCoa" yses

simlar techmiauasc gnael uPaniiess ShaPhble® AnOLRSEER) dfiRgyhip e ectronic

differenti al |er ronic contro set up
and/ or i ntamphfﬁehé&%’bammdmg;t teniarighic 410 ooltagk sb1hl€ese643(66 @ sdtap ahcf/cbrer enti al

anplifier 48" such that the output vo t he ATI 2"

appr oxi natemg}algﬁaalpm%? H P 40H QUi bﬁiﬁws%qr t%%le?trw I‘lﬁ“ﬁ‘i‘él dent on the
phot odi ode 44,4 11r1*1e1'5‘4@r eﬁf‘écﬁﬁ%a@fén%@%@élédﬁ%nfc&%ﬁ%ﬂ@%4"’%&1 Sﬁ&%:t fohge ATI A 42",

Fi gures 5A - | ustrate exanple stable final states 4 40C of a third

enbodi ment (feGCHmclAtrﬂleﬁS Mwotild hetvesibi indetostttatd perfamed] skt lattb@ alalfrenpnhod uced by

of i gures. sRovdsserbe sharfish T RURRA Y, corfol o MR T s ek out put

current 1kn telr&tr%aiélc@mfrbmatls4sszat@es kinflar te@RniQUdsAY ksetbp hh&BF stztﬁll?ﬁé pg Figure 5A
and an output current -IPD in Fi gure 5B. In these circuits, the first and

second i nputbiahéss) Ewshadectamiggijictratialeangplifioss 43,1487 drhe electronic controller

54” may setup and/or maintain the biasing configuration of the electronic differential
amplifier 48” such that the output voltage V. of the ATIA 42” is approximately
proportional to the intensity of the light L1 incident on the photodiode 44 in a

20  preselected operating frequency range for the ATIA 42”.

Figures 5A — 5C illustrate example stable final states 40A — 40C of a third
embodiment of an ATIA 42", wherein the stable final states are produced by driving
the ATIA 42"’ in various manners. In the configurations 40A —40C of Figures SA —
5B, each input device 44, 46 produces the same DC output current in the sable final

25  state, i.e., an output current +Ipp in Figure 5A and an output current -Ipp in Figure 5B.
In these circuits, the first and second input devices 44, 46 may be, e.g., similar or
identical photodiodes that are similarly or identically reverse biased. In the
configuration of Figure 5C, the single input device 44’ produces the DC output
current of +Ipp in the stable final state.

30 In Figures 5SA — 5C, the ATIA 42 includes an electronic differential
amplifier 48; upper and lower distributed electrical feedback lines 507, 52”’; and a

controller 54,



i dentical photodi odes that are simlarly or identically reverse biased. In
the configuration of Figure 5C, the single input device 44" produces the DC
out put cuwoenio/@i193l PD in the stable final state. In Fi goras2&b/o03463L, the

ATI A 42'" includes an electronic differential anplifier 48; upper and | ower
di stributed electrical feedback lines 50'", 52'"; and a controller 54'".The
electronic differential anplifier 48 may be, e.g., any of the electronic
differential anplifiers illustrated in H3gures 2 - 3. The electronic

anplifier 48 may have a high input inpedance, a |ow output inpedance,
and/or a high gaifhe focthonicld@riéeRicH afIplifsr AmAPSEaLs ONR orafPlibdit&iic f rom zero

frequency to a frequency 100 nega- rtz or higher or "even to 1 giga-Hertz
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i nput of 5t hélwtzeuthighst er eNehfled erga-Hertaampighérer 48 in a relatively inverted

manner. Each of tfe uRRelo.aRd ol Ol dOSAL RARIAIERs0h gedbAgi Lppes 0. 92
is formed by a sequence ree or nore Serially connected resistors,

e. g., resistppeRilowdrPih&i eleciiatfcBhachide P@$ID] OpaiRdf DCreutber seguease, the
resistors R, R4 connect to opposite sides of the central resistor R2 + RS,
i e., at nodginofd)e cyrentisaurcessy.sThy wnrr (lawar) fimesrplectiiead faedbackdmeMout  t he

sanme resi st e i . o . rrent
Source 2 thar spras Lebelo ) SHERCTNE BRERS: & pLRRKHERIANE 4% G
el ectridal fuppdbdoker) inpat the BR2cadnit Hefonadial dnpliierai8an heclasudbg iraettedl | y
identical DC current source 2 that connects to the same upper or | ower

| i near el ectf4®4l- feedback |ine 90, 92 at the node Y. Each pair of DC

current sinks 1 imehWoaR RS A IGWES Glhr SkAlical EOBLICRRARDL 52 [«Qokh&l
correspondi ng upper or lower linear electrical feedback line 90, 92 at the

node X and ayotdeguersalos thaed orahorg sedaht ¢apabct@Drosistoreetg. giesikol Ry rasistoonnect s
node v, - That} SRS 1EFBRR A Pleatn bl b br o hr BB BoYRe node
of a lingar s@lcg6f HeGRhirileedack2 HR® i80at RRes X and Y. The resistors R1 and R4
have the same or about the same resistance.
Each pair of DC current sources 2 includes one DC current source 2 that
connects to the corresponding upper or lower linear electrical feedback line 90, 92 at
the node X and another substantially identical DC current source 2 that connects to
20  the same upper or lower linear electrical feedback line 90, 92 at the node Y. Each
pair of DC current sinks 1 includes one DC current sink 1 that connects to the
corresponding upper or lower linear electrical feedback line 90, 92 at the node X and
another substantially identical DC current sink 1 that connects to the same upper or
lower linear electrical feedback line 90, 92 at the node Y. That is, a first DC source-
25  sink pair connects directly to the node X of a linear electrical feedback line 90, 92,
and a second DC source-sink pair connects directly to the node Y of the same linear
electrical feedback line 90, 92. Each DC current sink 1 may increase its current
sinking in response to increase in the applied DC bias and may decrease its current
sinking in response to a decrease in the applied DC bias. Similarly, each DC current
30 source 2 may increase its output current in response to an increase in applied DC bias

and may decrease its output in response to a decrease in the applied DC bias.



and a second DC source-sink pair connects directly to the node Y of the
sane |linear electrical feedback |ine 90, 92. Each DC current sink 1 may

i ncrease woooursi®at sinking in response to increase i npCasagplossd2 DC bi as
and may decrease its current sinking in response to a decrease in the
applied DC bias. Simlarly, each DC current source 2 may increase its
output current in response to an increase in applied DC bias and nmay
decrease its output in response to a decrease in the applied DC bias. The

el ectronic controller 54'" includes an upper electronic differenti al
anplifier 94 thattcQldf8hg cbﬁﬁolw?%@f” 1'nl:1'ﬂﬂésr an%ﬁ)%% Ele&fnid &%%%1 line 90 and
a lower electronic differential anplifier at controls the | ower I|inear

el ectrical fapwdifimcR4 lhaheor®®ls thh appmrimlealaﬂi@btm@h/é@edbdtcétdtnec% andgi lbver ent i al

amplifiers 94 96. e.q. [/ or. con ur ns that are
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electronic differentia lifier 94, 96 connects across the nodes X and Y

of the uppertgtioweandpe wkatnqnﬁé@t 9G sngliar\ﬂraddn@wlmﬁ@ Jiiuctues snd/@F, e. g. ,
RC circuits %Eﬁw tlc.():l{ gfrt?l Flect;fli%lc fc}%%réjﬂtf I %V\ghl?er 4\§Y Thel to?ﬁ]remg)gn the DC

vol tages VY’ elect ron enti al

anplifier 9410(“%) elbdrdﬁﬁ@cﬂlﬁéfdnﬁﬁll&imﬁlﬁiet be, b d&nﬁé@m@@omhw@c&sm@mo\ml t age
at the node Y and the voltage at the node X in the correspondi ng upper
(1 ower) |indhg§ u@eéélpwr%@afpedrbé@lﬁ K0 ?%éladewmﬁﬁlterﬁbf’ﬁo%g nBRETACHIES Yut put  of

the upper (l;oMRdrs SR Pf%%fferghéef @re”g&%et@z@& IbIRE Vot ?Qf)y 380 '}13%&%0 to a

control or bias Input 0 current sinks of t’he" u
(1 ower) 1Di nehs ulqjeeclbwerjwﬂectmeﬂbhﬁf&ehma’nan@ﬁﬁé@% (96Tisq>rbpnmomal mngtheut put of
t he upper

ff | | i f 96
contr ol or(bh ?B%ﬁﬁﬁgg%%$ﬂ?ﬁ59%§?§£gp E%p@ﬁ?p Iﬁﬁ%ég é 9%ﬁ§$&¥ﬁg£§bggra
(l'ower) |ineggs C&Jn%ﬁ@ﬂdlﬁg"‘ﬁ ﬂe?@g%ﬁlhnlehrr@e&l@ca(l %bac_ﬁhﬁlelﬁ@qgﬁ) aryd oaver

portions of the el ectronlc controller 53" have the sane structure. Al so,
t he upper (liowet)g pmplutl @ nhofippch dowkB elactniic delderemtoll bepliGdr 94 ©O6ntomkestst he DC

upper (Il ower out vol ta of the. AT 't

ey a1 aharOREL T Bits SR B e dah T Qe Sink] 1 8" HravesndNern Baekle ang
the samgstyp@siu@fal %e@mktlﬁle@o (U SEhcliiRrfi RS BRFht OfehdBRRF (1BGehictz@dniand

| ower DC biases of the ATIA 42'" to separately evolve to stable fina

states. |n tdideramishamplifier 9h@6p remeeEe @ cerral opbiag inmy for thapaieel Phe DC
bi asi ng of tclﬂFr tsre?\ﬁltce%) Q'f rtﬂ Lﬁ;ge{ %ﬂweﬁl hn%gpélkéthge{l f%%b&& 1?1)1/6040\/@25 0 a stable

final state
The upper and lower portions of the electronic controller 53”” have the same

structure. Also, the upper (lower) portion of the electronic controller 54’ controls the
20  DCupper (lower) input and output voltages of the ATIA 42, That is, the upper and
lower portions of the controller 54” use the same processes and the same types of
elements to cause the respective upper DC biases and lower DC biases of the ATTA
42’ to separately evolve to stable final states.
In the ATIA 42, the electronic controller 54”° causes the DC biasing of the
25  electronic differential amplifier 48 to evolve to a stable final state. In the stable final
state, any initial difference between DC voltages Vy, Vx at the upper input and upper
output of the electronic differential amplifier 48 has evolved to zero or to a value
close to zero. In the stable final state, any initial difference between the DC voltages
Vy, Vx at the lower input and lower output of the electronic differential amplifier 48
30 has evolved to zero or to a value close to zero. The electronic controller 54 evolves

the DC biasing of the electronic differential amplifier 48 to such a stable final state by



state, any initial difference between DC vol tages VY, VX at the upper input
and upper output of the electronic differential anplifier 48 has evolved to
zero or twoaowal4um®3cl ose to zero. In the stable final statras:@op3ieazti al

di fference between the DC voltages VY, VX at the |ower input and | ower
output of the electronic differential anplifier 48 has evolved to zero or
to a value close to zero. The electronic controller 54'" evolves the DC

bi asing of the electronic differential asplifier 48 to such a stable final
state byinposing final state conditions on the circuit elenents of the ATIA

42' " as desqi,Rafs BRhiQe EddionsidN8@ndBRGHt I&BURE df REATIAMY®T od N&Gh&CE T ONi C

controller 54"" causes the upper (lower) DC current sources 2 and/or upper
(I ower) DC dgtavent sinks 1 to source and/or sink the DC current(s) that
fl ow t hrough the tors

d R4 N | t |
feotback | Tne. o0 Figbye ingr Banamenouty s SetPR P QIBEde L LREE ¢ that <

subst anti al |u‘pE SIS @mcﬁdeamuttm%a/ot ﬂﬁ}gé&ﬁh&&ﬂb@ deZreAtN@nlds3 toRodrcst abl e
final state ut, in such a stab final ate, a very small current my

still fléw |and/tonémkél@,fi @Cmugem?smm fmvtélmhah%mtstors:&t ﬂ@‘hR4r®§$fhebH°PdUe to
the base Cur({o%\Pet i} ear 8ct%]partltye%)cfg)lagkr lnlle @ﬁt ?ﬁs anglélg and/g /or §1 1}1§ | eakage

currents of ransi s I na state of

Fi gure 5A, tﬁaefoaﬁed:wﬂhetrmbtthMH@Qmi durichiefl¢vesthedugh tht regio®ss RO ahdR3DCacur r ent
sink 1 connectlntg directly to the node X, and the DC current rovm ng in the
resi stor R4 S§&EsR sffe ﬁb@ @@ﬂ%ﬁﬁtaéterfwahstater?e&trwn@tmﬁaéttéaax BilkfV node v.

In the stabllﬁtﬁaﬂaatm&t@ AP ELAY SnfiPhurtuREbEULE Bt QUG e

resistor Rl conmes fromt current source 2 connecte |rect to the
node X, land fewéipaCaratankictors siﬂd(zimtmaggataletah@ercmsneﬁtsmf al%%lwdiahfesffédtom the DC

current sink 2 connected node. Y. In the_stable final state
of Figure 5&%%%@%35&196 %]%%‘?? E]IE‘éB’Eer ‘vdhe PEswBk Py g BHO has t he

same st abl € Edigat Rﬁgéés%‘?ﬁe ﬁb%h%n%k Fe&lﬁelﬁﬁné R sl %ﬁferdon'%Qn@th%Ct rical
feedback line 52'" has a stable final state in whi c% the | ower DC current

si nks and sdd( casert flovigpintbe resishatRehgdcalté thedd@ kument smlirlcdrastly cemtested

Second, the electr 4" t 2 of
anupper (2 ' Gt 3ai B Bl e S of ERRGER 3B Periored! RS gIR ) ower)

l'inear gkectrgdigat RY @@ﬁ@@ﬁtﬂmlth@gc%n(eaeaoum EAH8A8d Hf’ﬂ&:tl?qg e Xode 0, agat si nk
1 of an upper {)I ower) pair to sink the sane DC current fromthe upper

(1 ower) | i nébkg De @@tem avingdeHisgexstpr Ré comey Oom thabCeeuresgsink 2|Cﬁmtq¢taedupper
(lover) I necﬁlrect?} RCthE '118(?(—:I YT biig ﬂtt%%%h)lé f“ 14 state of Figure 5C, the upper distributed

electrical feedback line 50 has the same stable final state of Figure 5A, and the
lower distributed electrical feedback line 527 has a stable final state in which the

20  lower DC current sinks and sources 1, 2 do not substantially sink or source currents.

Second, the electronic controller 54 causes each DC current source 2 of an

upper (a lower) pair to source the same DC current to the upper (lower) linear
electrical feedback line 90 (92) and causes the each DC current sink 1 of an upper
(lower) pair to sink the same DC current from the upper (lower) linear electrical

25  feedback line 90 (92). As a result, in the upper (lower) linear electrical feedback line
90 (92), the same current flows in the resistor R1 and in the resistor R4. This ensures
that the DC voltage drop across the resistor R1 of the upper (lower) linear electrical
feedback line 90, 92 is the same as the DC voltage drop across the resistor R4 of the
same upper (lower) linear electrical feedback line 90 (92) in a stable final state.

30 For the above reasons, the upper (lower) portion of the electronic controller
54"’ causes the difference between the upper (lower) DC output voltage Vy and the

upper (lower) DC input voltage Vx of the electronic differential amplifier 48 to evolve



90 (92), the same current flows in the resistor R and in the resistor R4.
This ensures that the DC voltage drop across the resistor R of the upper
(1 ower) Iwoeary/mhmstrical feedback [ine 90, 92 is the sage/moinhescBC

vol tage drop across the resistor R4 of the sane upper (lower) I|inear

el ectrical feedback Iine 90 (92) in a stable final state. For the above
reasons, the upper (lower) portion of the electronic controller 54'" causes
the di fference between the upper (Ilower)i6DC output voltage VY and the upper
(lower) DC input voltage Vx of the electronic differential anplifier 48 to

evol vet owar 4§y 285 Qero 'Tn tRaidchn@adtriell ?&:td'bh&{allme% @@ d@(ﬁ% bENGseRQink?4: arlghe DC

current sinks 1 and the DC current sources be controlled to evol ve
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resul t fromrg&mddca@meqH t9bfardAmus4a nput currents to the ATIA 42'". In the
absence of applied input currents, the linear electrical feedback |ines 90,

92 woul d5carry nd'iguey eitsC dhetrath SnDGtatesr 4&nt 49Crikas resdt feuppplications woul d
not. sour ce QUGB GHRR AHLAL R AT AL SusT0g, ARRILE AP0 Bl NPU!

current(s) t°0 initialTy produc across

el ectroni ¢ dhd figdaeblct@calapdbatk @n€ss90, 92 w0kl &dﬂ@tncﬁ@m&ﬁtsaams eqUentent
evol ution of the DC biasing state of the electronlc differenti al anpllfler
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causes a vol e drop across the r s stor R2 + R3 t hat produces, in turn, a
positive inﬂﬁéngvﬁﬁﬁﬁb%thFF@?%HEE iigrentigl emplifige®. ¢ he i nputs of the
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differential anmplifiers i ncreased the vol tage biases to the
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differential anplifiers 94, 96 continue to increase voltage biases to the

DC current shaiipsoducanin tush.derosisivsénilial voligee Bilkesense Vo' thd apxoseilie i—mes sour ces
2 until a f Io@‘:t’ljle e%(t%to%ld (ilf eg{lglva%hﬂe& élp @6f ﬁtp?elspénsgttﬁe Elett‘f’cﬁ{lé atfﬁegentlgl Figure

5A, each DC curren
amplifiers 94, 96 increased the voltage biases to the DC current sinks 1, which

initially sink zero current, and decreases the voltage biases to the DC current sources
20 2, which initially source zero current. As a result, the DC current sinks 1 sink more
current, and the DC current sources 2 do not source or output more current. The
electronic differential amplifiers 94, 96 continue to increase voltage biases to the DC
current sinks 1 and to decrease voltage biases to the DC current sources 2 until a final
state is achieved. In the final state illustrated in Figure 5A, each DC current sink 1
25  sinks a current of Ipp, each DC current source sources zero current, and bias voltages
applied to the DC current sinks and sources 1,2 have final stable values.
In the configuration 40B of Figure 5B, the input devices 44, 46 apply equal
negative input currents, i.e., -Ipp, to the two inputs of the ATIA 43"’ initially causing
DC currents -Ipp to flow through the linear electrical feedback lines 90, 92. The
30  feedback current -Ipp causes a voltage drop across the resistor R2 + R3 that produces,
in turn, a negative initial voltage difference Vx’-Vy’ across the inputs of the

electronic differential amplifiers 94, 96. In response, the electronic differential



sinks a current of |PD, each DC current source sources zero current, and

bi as voltages applied to the DC current sinks and sources 1,2 have final
stabl e vavoesio/4smoghe configurati on 40B of Figure 5B, tireTiUspab/oses? ces 44,
46 apply equal negative input currents, i.e., -IPD, to the two inputs of
the ATIA 43" initially causing DC currents -IPD to flow through the |inear
el ectrical feedback Iines 90, 92. The feedback current -I1PD causes a

vol tage drop across the resistor R2 + R37t hat produces, in turn, a negative
initial voltage difference Vx'-Vy' across the inputs of the electronic

di fferential,,am 1efsf949©§ dg&easggolté ‘51%9%‘&%@@ B&r&lt Sk @n\k/ﬁwh initiall Iy ont

differentialanmplif i'ers 94, ease voltage biases to the DC ¢
si nks 1, whisotk Zend curadnlt,wnéllmd(eazewoltztgwrhlans o thad( aoremasaires|2, &@Ehbl ases to
the DC curren@aﬁources rrent a result,

h t
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not sink curdufeht, add@eBEeikankakei iboobeahk ahrrétPIThé bRES0RE difRerti@ant i nue to
decrease vol tage biases to the DC current sinks 1 and to increase voltage

bi ases t8 tepbOctiitd 8hronfowededeaeasatvpltage tiasealo e decursenisinkelend o n t he
final state 11'1 lrleu oﬂg qwes Eo t%% ?urref(n?%gurce[)% uﬁJul aefpnal gt e 1% gchle Ht PUt S a

current of - curren Sin SINKS Zero curren bIaS

vol t ages apphd ﬁdaltscaté NestXicd i Figinte 583, 0kch ROGuBOW B8&c 2, (thﬂil@slﬁcﬁﬂrd”iﬁlofs'[ abl e
val ues. In the configuration 4QC of Flgure 5C, .the _input device 44 applles
a positive impgechchfrcafent sink! sinky ganp cv%e&th@dtbg@%\folﬁaawp@h@d torthe DT A 43" ™
and the lo 2 £ ecei ve any input current.
Thus, the nﬁ%Er porf%%%%ggiéh ?ec??%gﬁgbgg%eﬁoller 54'" and the upper
di st ri bubed feedﬂamknkmﬁgm&ﬂoﬁ400mﬁqum:aSthanﬁmg&ﬁeu5£Mm@meaapou3vdo t he

final state.illustrated t ei.n, and. |ower. portion of Iectronl
control | er SAPUL U ke, Tlgw ltﬁlgﬁ@ﬁmmlté@ff‘%eé &3] 8o quré%ﬁ |n t he

nitial statg, ArahoetyddCnbiRuyansh AsbeRt" rTlﬁl@ttﬁe %Bﬂer%rtﬁﬂwffiﬁe and sunk
currents remain at their initial val ues. g | ustrates vari ous

driving conkﬂ@bnamgmnEOM@Pf”T@Khh@ﬁmunﬂbndnbﬂﬂkmﬁnmkbheéO%Imman%snlThe
0119, COM QUL 401 o e 2B SR sty T,
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44. The third ATIA 42"" enables control of both DC input voltage(s) and DC
out put vol t agiéigkstate in which DC input and output currents and DC source and sunk currents
remain at their initial values.
Figure 6 illustrates various driving configurations 40" for a fourth
embodiment of a ATIA 42””. The driving configurations 40”” may be single-ended
20  or double-ended. In particular, some driving configurations include the two input
devices 44, 46, and other driving configurations include only the upper input device
44, The third ATIA 42”” enables control of both DC input voltage(s) and DC output
voltage(s).
The ATIA 42”” includes main electronic differential amplifier 48; upper and
25  lower distributed feedback lines 507, 52””; upper electronic controller 547, and
electronic offset controller 100, and optionally includes output electronic amplifier or
buffer 98.
The main electronic differential amplifier 48 has already been described with
respect to Figures 2 — 3 and 5A — 5C.
30 The upper and lower distributed electrical feedback lines 50”7, 52”” include

the linear electrical feedback lines with resistors R1 — R4, the DC current sinks 1, and

the DC current sources 2 as already described for the upper and lower distributed



The ATIA 42"" includes main electronic differential anplifier 48; upper and
| ower distributed feedback |ines 50"", 52""; upper electronic controller
54"", andwelzenimonsc of fset controller 100, and opti onalpcy/useelweass2 out put
el ectronic anplifier or buffer 98. The main electronic differential
anplifier 48 has already been described with respect to Figures 2 - 3 and
5A - 5C. The upper and | ower distributed electrical feedback Iines 50"",
52"" include the linear electrical feedb&ck Iines with resistors R - R4,
the DC current sinks 1, and the DC current sources 2 as already described

for the uppar.da fifuer, disstrdrribael sedbrekinl daafonSle uppddjawdf Figures SA
- 5C. In addition, the upper (lower) distributed feedbggk 1 nes 50"", 52""

i ncl ude uppehstibged foedbdckdmes D¢ 62’ antludd mker Bownd odispdd C chowersinksf3f set DC
current sources 4. The offs current sinks d urces 3, 4 do not sink
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currents passufcBs QUOMDd Adt&idk J1e8irce bR bubstdliall e dhaeks bd A6 $niflfl st whike

magni tude of the current sunk by an offset DC current sink 3 can increase
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DC current source 4 can”increase for an I ncreased applied control or bias

vol t age and bimyoliegs @matasds@nd daléssreas edhaplicddos®@sltor biasablthias vol t age.
The upper electronic controller 54"" includes an electronic differential

anmpl i fier odlecisasgs. The cypa apyreerhby ampiliet D& curgng pouresnt pisigciepscfar an LPF at
its two inp S G ti t .electronic
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al t er natlél y coetrblowrdtiasd ofthgd. he out puts of the electronic differenti al

anplifier 94 (not_shown). The upper elegtronic controll.er. 54"" also
i ncl udes a referéﬁb@élpee) ?}%‘Itlfoéi‘bce&élgﬁlrl%rﬁ\/RE}@?%ﬁﬁ%E glgonig dif éeqﬂﬁﬁut t her eof .

The referen GenpHGeY 94}@@,@@113615&%%115{135'@1{}?&‘, Wh 1ok Bhss fiftefs DEEthi GRMVE @ﬁﬂu@sﬂ al
vol tage source or a partial copy circuit for the ATIA 42"". The partial

copy circui tas '('a'l'mady dgesriteddor, the nppeaeetian ofche ¢leatranoeintioller 2 aer Figuest r oni ¢
Cont o S s oy RS L SOR R B o PR STRANGR rey
recei ve 150 Gldcidnic dlereh@dd] ahipititr AAn6OLHAEHS ThE up @ oftbtrbnié ZontridrI54e equal
to the input DC biases in the absence of input currents.
also includes a reference DC voltage source Vrgr connected to one input therecof. The
reference DC voltage source Vggr may be, e.g., a fixed conventional voltage source or
a partial copy circuit for the ATIA 42””. The partial copy circuit could be, e.g., the
same circuit without the upper electronic controller 54 and the DC current sources 2
20  and DC current sinks 1 controlled thereby. In the partial copy circuit, inputs of the
ATIA may receive no current so that input DC voltages in the ATIA 427 will be
equal to the input DC biases in the absence of input currents.
The upper electronic controller 54 can control of the input DC voltage
biases of the electronic differential amplifier 48. In particular , the first input of the
25  upper electronic controller 54”” connects to the reference voltage Vygr, and the
second input of the upper electronic controller 54 connects to the upper input of the
main electronic differential amplifier 48 of the ATIA 42””. Due to this connection
configuration, the upper electronic controller 54”” can evolve the DC input voltage of
the ATIA 42" towards the reference voltage Vggr as its internal electronic

30  differential amplifier 94 drives the voltage difference between its inputs to zero. That

is, the upper electronic controller 54”” can evolve the DC input voltage(s) of the main



The upper electronic controller 54"" can control of the input DC voltage

bi ases of the electronic differential anplifier 48. In particular , the
first inpwD20fo/tsh®3upper el ectronic controller 54"" conrerius2410/084%82

ref erence vol tage VREF, and the second input of the upper electronic
controller 54"" connects to the upper input of the main electronic
differential anplifier 48 of the ATIA 42"". Due to this connection
configuration, the upper electronic contwoller 54"" can evolve the DC input
vol tage of the ATIA 42"" towards the reference voltage VREF s its internal

el ectroni ¢ diddBhRNfré@bn@Mahiplier 494r e IAMEA 42hetd’£}18iéﬁ9&léi'té:§1fr€fe?éh%€ pet ween

its inputs to zero. That 1s, the upper el ectronic troller can
evol ve the D@hagpﬁmmvoltage(s) of the mainelectronic differential anplifier
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1 in the upp@persictitodieiondbBér ATUhetksy@ireatic lc@@iecﬁ@@dbamDCldaﬁsn@éﬁf‘ces 52" ",
The optlonal electronic differential anplifier or buffer 98 nmay provide
convent i onal? BGttpePC @ereat ks t i theapperiand kover dighdbuwed plgsirigtldesd@actone or
mul tiple coqggg;won b~St ages of electronic anplification to the ATIA 42"".
Each input o ectronlc differential anplifier or buffer 98 connects
to a coﬂﬂespondlmgwammomﬂekh&ommmnﬁﬁ&naﬁambhﬁmanmuﬁke9$nm@qmoﬁdéferent|a

anplifier 48 of the ATIA 42" ther oyl.di ng, a two-ended or differential
out put. The SOMELOBH; WiRy fsgéaﬂoeéﬁﬁ%‘}f lfé%r X%o@ng/ﬁ& MY PLOULe M PEHPE

di fferenti alcoa@iiohhiQagtO8s cl€etfbnic AGIANUELE 't&ﬂﬂé'AIQRszat" e5& mgﬁimﬂtﬁé er, and
a pair of lowpass filt ers LPF. One of the lowpass filters LFP connects

each i nput @ﬂumhewehﬁbtnmﬂmnmﬁﬁﬁﬁ@ﬂnﬁ&rQScamwbmﬂoemo¢a®on¢ng00©pfé@ponding
one of the d| i al ut s eIe o np ys uf fer

e output ovirusiahe Bkl ALt Taise 1 So R A S Bt ot ne
control 18r kirgs dm@@u@@g%dgjoﬁ@g%@%ﬁgqqu@ current sink(s) 3 of the upper

di stributed feedback |line 50"" and connects to the control or bias input(s)
of the The electronic offset controller 100 includes an electronic differential

amplifier 102, e.g., a conventional operational amplifier, and a pair of low-pass filters
LPF. One of the low-pass filters LFP connects each input of the electronic
differential amplifier 102 to a corresponding one of the differential outputs of the

20  electronic amplifier or buffer 98. One output of the electronic differential amplifier
102 connects to the control or bias input(s) of the offset DC current sink(s) 3 of the
upper distributed feedback line 50 and connects to the control or bias input(s) of the
offset DC current source(s) 4 of the lower distributed feedback line 52””. The other
output of the electronic differential amplifier 102 connects to the control or bias

25  input(s) of the offset DC current source(s) 4 of the upper distributed feedback line
50”” and connects to the control or bias input(s) of the offset DC current sink(s) 3 of
the lower distributed feedback line 52””. Thus, the electronic differential amplifier
102 drives the offset DC current sinks and sources 3, 4 to sink and source DC
feedback currents in opposite manners in the upper and lower distributed feedback

30 lines 5077, 52””. Indeed, the electronic offset controller 100 automatically adjusts

magnitudes of sourced and sunk DC currents by the offset DC current sink(s) and



of fset DC current source(s) 4 of the lower distributed feedback Iine 52"".
The ot her output of the electronic differential anplifier 102 connects to
t he cont rwb 20r0/fai®s i nput (s) of the offset DC current seoramsgsp/od4eei the
upper distributed feedback |ine 50"" and connects to the control or bias
i nput(s) of the offset DC current sink(s) 3 of the |ower distributed
feedback line 52"". Thus, the electronic differential anplifier 102 drives
the of fset DC current sinks and sources 28, 4 to sink and source DC feedback
currents in opposite manners in the upper and | ower distributed feedback
lines 50"", (8grcecs) b niggd ’an%r IR %1@%@ afiren Qfbs@b oﬁ%ﬂ% {QldoBS o B0 ATIA
automatically adjusts nmagnitudes oOf sourced and sunk DC currents by the
of f set DC cu2Pétendsiomafds)zeandsource(s) 3, 4 until any DC voltage difference
for the output voltages of the ATIA 42" ds towards zero, Thus, the
IS oRFubmS o ShiGeltes oD PR RyRRGSIFRE s PIERE | over s

el ectroni c of fset
in the of fsatvdiGnshdkFsdMT SO HRISoFiced3 I PtoCMPRASAS or hYmASY IR B icES

bet ween t he nmagni tudes and/or signs of the feedback currents in the upper
and | owep | ithemageiusies pidien signsedbaciecdbagl sugents gpthe gppdr aad yowstlineas may
occur, because,the-.uppe I rni ntroll.er " confiqures the upper
and | over  DeReIPE AR RS0 20 el ViRl ol gou o endiiBf by T hough
the input devdctesic4éntrdifersan’ eatifipgutesdhd figpeentd Luectk BT Surrchusinkagdmet ri es
may al so occur due to offset asymmetries in the doubl e-ended behaviors of
the main el 88¥icehi-c Withe emesmpater kg thepgd) thagnpak dedeesi 4 thsaopttPnal

el ectronic di i Lfle I I -
iIIustratedq%%%%ﬁﬁﬂgﬁﬁg'ﬁﬁaah$%ﬁﬁ?ﬁé8€¥%%§é0?|ﬁgl 3g§%§%g§?ﬁ§ﬂ§éﬁgtg§1put
vol t agedOequidpublsteaaldb@bdlianairs ¥fathe emimnéletthmiOG lcrgntinl anpplifegds and/oparthen of
ordinary skill. ug lhe art%ﬁpuld be ¥Fadi| b#g to produce alternate ATIAs
in which saidtigaisiesirpnisgiffergntipd ampHlietRy 1BECHPSs vol t ages differ based on
the discl osure heggiloFidhRk s a8P!iRustdtetnifh A f WItAhHAN B8
fabricated by adding parallel fixed or constant DC current sink(s) and/or
fixed or constwavl HERUPNPNt vadageca(us) stelde tinel \BO1es wf therddC simik valtagies,each
pair thereof and t.o pne current saurce 2.of ch ir thereaof.in.the
AT A a2+ o srp e Pefiey SR e e MR Gert B b ROP v ah B AL R
enabl e tihe GEHISH §4ig aBIR fRhI $Aledy ARhAbT&itAlotadek! ANTBibHsBPos tReidsual  t he
structure of the ATIA 42'" as shown in Figures 5A - 5B, except that it has

a stabl e outhstrin.DEvrRmRlfe swol altgerategh T FAsy might berfdbrisated Apkédipg parallelc vol t age
VX.

fixed or constant DC current sink(s) and/or fixed or constant DC current source(s) to
one DC current sink 1 of each pair thereof and to one DC current source 2 of each pair
thereof in the ATIA 42, In particular, such fixed DC current sinks and sources

20  might enable the construction of such an alternate ATIA having substantial the
structure of the ATIA 42" as shown in Figures SA — 5B, except that it has a stable
output DC voltage Vy that differs from its stable input DC voltage Vx.

One of skill in the art would also understand that similar modifications could
be made to the ATIA 42”” of Figure 6 to enable stable final states in which the DC

25  components of Vx and Vy differ by preselected amounts.

Figure 7 illustrates a method 80 of operating an ATIA, which implements
dynamic control of voltage biasing. The method 80 may be performed to operate the
ATIAs 42, 427,42, 42”7 illustrated in Figures 2 — 4, 5A — 5C, and 6 as discussed
above. The ATIA has an electronic amplifier, e.g., the main electronic differential

30  amplifier 48 of Figures 2 — 3, 5SA — 5C, and 6 or the non-differential electronic

amplifier 48” of Figure 4, and one or more linear electrical feedback lines, e.g., the



One of skill in the art would al so understand that simlar nodifications
could be made to the ATIA 42"" of Figure 6 to enable stable final states in
whi ch t hewDGQomompoaent s of Vx and VY differ by presel ecret/msmmunsss2 Fi gure

7 illustrates a nethod 80 of operating an ATIA, which inplenments dynam c
control of voltage biasing. The nethod 80 nmay be perforned to operate the
ATI As 42, 42", 42'", 42"" illustrated in Figures 2 - 4, 5A - 5C, and 6 as

di scussed above. The ATIA has an electronic anplifier, e.g., the nmain

electronic differential anplifier 48 of Figures 2 - 3, 5A - 5C, and 6 or

the non-di f figEanté@icr&abi@Nies 8MPlubds® - 48haUonfrd@Us 8utii$ut (?fnrge oneé or nore
dback | e.g. hel I ca

|inear electrical fee I nes, , thelilnear electr f eedback |i nes

of Fi gures Zlectrgnictangtifieormcinpariheoaciput of the electronic anplifier to an
i nput thereof. The nmet hod 80 |ncludes. i nputti ac ent havin DC
conponent to & | {MEARCBIER! Pebdes Faaiaar ey BedhDE Pt i p Jap
electrical feedRatkcibNf IHCIAESES). aAMeAkheRle@ficA fecb&K iRMNoainddPAd fier to
an input of the electronic anplifier in an inverted manner. The net hod

i ncl udes Sadjougit nfar ¢leetoranemplelterria ae input of balclosomic emptibesinsstinyaricd| | y
remove the ggngpponent of the current froma segnent of the |linear
el ectrical feéedback Iine between the sources in response to the receiving

step 82 (step 84)Theth&hsEieMidsgadit@mgddstrimy sedvmll et traabiaiidldgo a set of DC
current sinks or DC current sources to source or sink said DC conponent of
the input cukbe#tialy refpenssthe PG ermpangate! the ewrent &om  geasabet the Hecar| n sone

- relcetric c- e) c -o eS Irr -h e ng ste St
embodi ment s éﬂ?&?&%ﬁﬁ’émﬂl% H&Ye donpdyde &nlgl hR%eRNG % nie? pntrol

vol tages for said sources with an electronic ier havi I iput
connect 4@ t ®4).eThe wenavingdte@@enmay imudergpetatiaf atshieofdd@ cturanismkaopDCt i er and

havi ng a second input connected. to receive a reference voltage. The
adj usting st¥PFCHEPUFH? %Wr‘ieri’élsli@f a ']%éicﬂﬁlpan%io?thﬁfm@kt:CEIEE?IF@%IPO%lﬁ’iﬂces

and/ or DC cyfd gidar %ieed@?me@dael& fifc.O s%h&%nﬁﬂb%ir%t&%@ﬂ@ﬁfn#%}nﬁyat DC

conponent is substantially absent on the segnment. If tthe ATIA'is ‘configured

f or two- endeucludd ganaguiing lvee nemlhodcadBOoheyltagesciondad adjrast Wiy ampletihanc set  of
el ectrical sour
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5C and G5  amplifier and having a second input connected to receive a reference voltage. The
adjusting step may further include biasing a pair of DC current sources and/or DC
current sinks to source or sink the DC component such that DC component is
substantially absent on the segment.
If the ATIA is configured for two-ended driving, the method 80 may include
20  adjusting another set of electrical sources, e.g., the variable DC voltage sources 68, 70
of Figures 2 — 3 or the DC current sources 2 and/or DC current sinks of Figures 5A —
5C and 6.
From the disclosure, drawings, and claims, other embodiments of the

invention will be apparent to those skilled in the art.



From the disclosure, drawi ngs, and clains, other enbodi nents of the
invention will be apparent to those skilled in the art.Wat is clained is:
1. An appsoavusi41enpri sing: an electronic anplifier; arcelusetwiosms2

f eedback |ine connecting an output of the electronic anplifier to an input
of the electronic anplifier; a plurality of electrical sources connected to
nodes on the electronic feedback |ine; and an el ectronic controller
configured to adjust the electrical sources in a nmanner responsive to a
current input to the electrical feedback line. 2. The apparatus of claim1,
wherein the plurality of electrical sourees includes a current source
connect ed tQVﬁ%ﬁQcﬁﬂﬂ&lﬁﬂdlor a current sink connected to each node. 3. The
apparatus of claim1l or claim2, wherein the controller is configured to
cause a differende to Avaipamttpcemprigsgt val ue, the difference being a DC
vol tage at an input_ of the eH?chonic anplifier mnus a DC voltage at an
output of the el dRISHORCAMA T er. 4. The apparatus of claim1, claim 2,

or claim3; wherehnldchtat QRUBRKIIBE cbineOnS hObiBG: $Qh& adsCoriORMplifi%e t¥Ol t age
of the electronic anplifier to evolve to a preset value. 5. The apparatus
of claimd1, aglispyhop theleptien®, amplifish:ai m 4; wherein the el ectronic controller
| ncludes a second, gl 561y @0 & ATRLIL & ARNAGAE §laL O AREERL Fordifl it
sources and sinks ‘i n a“manner tesponsive to a curfent raput 1o The

el ectroni c flmedhaick |ine. 6. The apparatus of claim1l1l, claim2, claim3,
claim4, or claim5; further conprising a photaodi ode connected to one input
of the anplifi er anclepienigsonralsisonhigwehioadiust theglepitcal sQuipenin a angpin 4, or
claims; furtiensCOmPl Litdidind RAROPH FLaGELIGAL iheedback Iine connecting a
second out put "of the e ectroni ¢ anp ifier to a second i nput of the
anplifidp and having one or nore second resistors thereon;

2. The apparatus of claim 1, wherein the plurality of electrical sources
includes a current source connected to each node and/or a current sink connected to

each node.

15 3. The apparatus of claim 1 or claim 2, wherein the controller is
configured to cause a difference to evolve to a preset value, the difference being a DC
voltage at an input of the electronic amplifier minus a DC voltage at an output of the

electronic amplifier.

20 4, The apparatus of claim 1, claim 2, or claim 3; wherein the controller is
configured to cause input DC voltage of the electronic amplifier to evolve to a preset

value.

5. The apparatus of claim 1, claim 2, claim 3, or claim 4; wherein the
25  electronic controller includes a second electronic amplifier connected to operate the

current sources and sinks in a manner responsive to a current input to the electronic

feedback line.

6. The apparatus of claim 1, claim 2, claim 3, claim 4, or claim 5; further

30  comprising a photodiode connected to one input of the amplifier.



a plurality of second electrical sources connected to nodes on the second
el ectroni c feedback Iine; and wherein the electronic controller is

confi gur edlot2010adji19st t he second el ectrical sources in aPCE/USRI10NEEPDNSI Ve
to input to one of the electrical feedback lines. 8 A nethod of operating
an ATI A, conprising: inputting a current having a DC conponent to a |linear
el ectrical feedback line, the linear electrical feedback |Iine connecting to
an output of an electronic anplifier to an input of the electronic
anplifier; and adjusting first and second el ectronic sources to renove the
DC conponent of the current froma segnent of the linear electrical

feedback |ine betjeen fifie, 5848 8P clafhnI SHRAPSS: fifh 1 06:ifL B} hlids: oS OU ces

connecti ng nodes on the | hear ectrica 9. The’ met hod of
claim 8, furcohgrismgnprising operating a set of current sinks or current

sources to source or s k sai tted current. 10.. The t hod of claim8
or claim9, wherdi¥i? %F&ﬁli?é??%ﬁg#&}wwgm%ﬁﬁﬁ%eéendow&g? lae SO
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5  thereon;
a plurality of second electrical sources connected to nodes on the second
clectronic feedback line; and
wherein the electronic controller is configured to adjust the second electrical
sources in a manner responsive to input to one of the electrical feedback lines.
10
8. A method of operating an ATIA, comprising:
inputting a current having a DC component to a linear electrical feedback line,
the linear electrical feedback line connecting to an output of an electronic amplifier to
an input of the electronic amplifier; and
15 adjusting first and second electronic sources to remove the DC component of
the current from a segment of the linear electrical feedback line between the sources

in response to the receiving, the sources connecting nodes on the linear electrical

feedback line.

20 9. The method of claim 8, further comprising operating a set of current

sinks or current sources to source or sink said inputted current.

10.  The method of claim 8 or claim 9, wherein the adjusting further
comprises biasing a pair of current sources or current sinks to source or sink the DC

25  component such that DC component is removed from the segment.



