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OPTICAL DETECTOR CONFIGURATION AND UTILIZATION AS
FEEDBACK CONTROL IN MONOLITHIC INTEGRATED OPTIC AND
ELECTRONIC ARRANGEMENTS 5 Cross-Reference to Related
Application This application claims the benefit of US Provisional
ApplicaHPIONG, ISBEEOROR HENPRODRAIIGRUNTECMICRZKIEIOAAS
ThEFREBBX (RTONTROIE INOMIGNSITICEHPC PNTRORIED OPITOND
of integrated optic angelectfRUNIEVICRRANGROIENERicularly, to the
utilization of optical detector feedback configurations to provide

CPRSERERRM 6O PTRERIts Ay pieRRbIhiC arrangements. 15 Background of
the Invention In an SOI-based opto-electronic platform, relatively thin

(e.g., CRIGARPLARLIND daitsghrabengtt o6US {ravitinsale \Rphicatibss ehe

60/NE IS8 PrAsd @EBee 1multiple optical functions (for example,
splitting/combining, modulation, switching, wavelength

multiplexing/demultiplexing, add/drop, equalization and dispersion
TeempenRiéan). The 20 ability for light coupling and manipulation in a thin
waveguide on an SOI platform enables a true integration of optics and

microe TR BN PUAT e Uit ih RAIFPEFLR ShE'PIgLUEHS RS RRgKS of
irﬁegiaﬂa'tgbpmﬁivuﬁg @m&&wmat&bgiaémm?ﬁcﬁmrpﬁﬁ@maﬂw tthd alegm'miﬁion ofk optical

components/subsystems.in the optical communication indystry is the |a
dBtFCé%F%“gftéa‘é]é }gé'ﬁ?tfﬁfggt%ﬂwl%oﬂé{fféiiﬁ? -‘é?é‘&‘i?%ﬂ é%&d@%oiéfﬁé%
a@hngisaesls. 25 building blocks and hybrid integration of various

components made out of various material systems. Similar to the IC

industry in the 1960s, these discrete components are open loop, where

Bavkieopnd fenclnseskipxternally (using, for example, external optics and
electronics), resulting in lower yields and high costs. To realize the full

poteniafBRE MSHERRNcSlsER S Aot Ce e bidkirdfigs SoHgw silicon

wallicandtieparfeinaocedueYield aithe orticalardipRIQIPRII@NGultiple optical
functions must be improved to match the performance and yield of the

IlelaRit sampls sREYRSRamRiRN ShR ot iBlidh DRiChipSdtatsleasth
nTURAGINGNRIANI PRI & ptes) ReffaNaRELan di dpapiRvectiteMesaln). The
erability of such devices. 35 1 Summary of the Invention The need

QAR SRS, 0 ARy B THE YEXEH R AR S Qbasform

enables a true integration of optics and microelectronics on a single silicon chip. One of
the reasons for the high cost, high power consumption and large form factors of the
optical components/subsystems in the optical communication industry is the lack of
available component integration. Today’s opto-electronic industry relies on discrete
building blocks and hybrid integration of various components made out of various
material systems. Similar to the IC industry in the 1960s, these discrete components are
open loop, where the loop is then closed externally (using, for example, external optics
and electronics), resulting in lower yields and high costs.

To realize the full potential of the monolithic integration of optics and electronics
on silicon, the performance and yield of the optical and opto-electronic functions must be
improved to match the performance and yield of the electronics. Thus, a need remains in
the art for an on-chip solution for managing variations in the optical performance and

improve the overall operability of such devices.
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relates to the fabrication of monolithic arrangements of integrated optic
and electronic devices and, more particularly, to the utilization of optical
detector feedback 5 configurations to provide closed-loop control of such
monolithic arrangements. In accordance with the present invention,

SalpmRpigfardbaekesmtrol circuitry is formed as a monolithic
arrangement within the surface silicon layer of a silicon-on- insulator (SOI)

structth, eh R HE 8dhF o8 ¥ietis Atdsracd e the DresenHnyfRHgnfoyhich

rQRURNI3 O PaBFi ORtIGRbPAIERUNARE AT BENRIRS RITGR Of 1S HUPHRNS HHCH @$ronic
10 manufacturing variations, temperature fluctuations, power suggql%

dguiations, mgiRgEic e fedbbaEk18dpne R sl riondecd

cOpticalGRtRciohis dasetstianoyikdhgofegdhackelrattpiriesahbeéments.
monolithic feedback electronics includes, at least, an A/D converter for

transfBIARRY GHnemuidh BERIsE TR YRES8s SlsstsmisHetdhatk GaR it weuitry is

feligialat 2 iepresatolionm e iioLelBEINaBI oS fHes RANSIN iR tRE HLiEEn-on-
from the A/D converter, is used to supply a feedback sjgnal to one or

OB M PR TEHEL G R RO B L) él?ﬁfé‘?ﬁ’éegﬁé‘?éﬁ?mccﬂ‘&‘é%l’él%SﬁYFBFih%“"Wing

féeepanseaabihes sysienpdirsomecenbodipresisceldhanpiasaducyantion,
an additignal calibration and/or Iocr){}é;lé{‘)]‘ta,ble may be included within the

BRI XA SRR S BHEEL)ANET CHRR BT LEgtBRtcagdes et

THetReubAck2Ad dpespiopad isatdbask signalptitiudhesembodiventionfwid the
" e([g%rsﬁ?sent irvention, there may be a communication interface between the
BIEHIHfEs and an "off chip” system that is used to either initialize

the corieahelegirbiicsedpive vepesiaonaroaldata fkar, thieAebnisakerter for

R OEHAA SO G, D5 BF R OO RSB ACR GBS ABebplca

réjetecidtiono lionize] Eycaxangle;spoasdre are ofithe fadewirgA (D) dbeverter, is
og‘%)ut ovi/erétro%ar%o%to- lectronic modulator;&gz3 o] f(i?al input cou Iing

i R e R 5 S SRR oA FHfeaPiRge ey on

spkay $robpticak devritatandpmaieoQtharyarehfuthenambaddieria Odtiie:

resent invtention will. beco e]%g:rgarent ci&ﬁ otri&%hte ourse of th i

plEvEL Ry TRy vedbahea ol lenlohR el sl within

tBriebheskidptiedbat khddonanicigs Referidddnaw toibheldilawiogs;sktGlelermine
illustrates, in, simplified fQrm, an exe FIlar closed-loop feedback-

BT ST b o0 APIRGA R Preset RCSion. there may

be a communication interface between the control electronics and an “off chip” system

that is used to either initialize the control electronics, retrieve performance data from the

control electronics, or both.

Various embodiments of the present invention utilize the inventive combination
of the monolithic feedback loop and optical detector to optimize, for example, one or
more of the following: (1) the output power from an opto-electronic modulator; (2)
optical input coupling power; (3) attenuation in a variable optical attenuator; (4) filtering;
(5) arrays of optical devices and more.

Other and further embodiments of the present invention will become apparent
during the course of the following discussion and by reference to the accompanying

drawings.
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5 FIG. 2 contains a diagram of an alternative embodiment of the present
invention that utilizes the monolithic feedback arrangement in association
with a modulator (in this case, a Mach-Zehnder modulator); FIG. 3
illustrates the utilization of the closed-loop inventive feedback

BREADRBSIRSHN SOMEDFUIANh a variable optical attenuator (VOA); 10
FIG. 4 contains an exemplary embodiment of an optical filtering

arranHSERR UMYy i ABRAthic feedback electronics of the present
inventigg; FliGurigani8NAAIMAShthe RRREGN I \ESHEAN Ra HELUBHYK -

configured for use with a plurality of separate optical devices; FIG. 6

copfrediet SOdihgset v sRling MRSt switch utilizing the monolithic

15 feqdbackeaniangendentahtoe i ereative o dirhent OillustFateen@hvention
exemplary ring filtering arrangement using the feedback arrangement of

hphfess s venabibio EeRASHABANS e ATGIHEY iifsomeadulgor (in this
cibe HngadhlGeBnidieistiatRgatoyariation of the embodiment of FIG. 7, where
an in-line 20 optical detector is used in association with the feedback

arrangethehtt B iifsstiataationathErovansitk P op tRE SO RHRRM of
aﬁaﬁﬁ&nmﬁmdﬂjtiﬁais%saﬂadmiwwu@eaé&aﬁa@oiqbbm;a silgnal from

further propagation; and FIG. 10 contains a diagram of an_ exemplary

optical ﬁ"mg GPRBUPYAD SRR 8?%’&?8%8?&? PRIV SHIR R s gRaRent

ualiangensend eiliherespatiniesiionic? dfdetalesascepion FIG. 1
iIIustr%e in a combination of a sim}pﬁlified- top view and side view, an

exemplSty cld 8B SRS RSB BFFENEH Eiatiel) RAticHatly rogtigured for use
watlianglaraeit dilseparfosopacin asdesdance with the present invention. As

descrj in variQus other prior references regarding silicon-on-insylator . .
(1) Fp SV ETEGH SPENTTIH S sHoui A5 W GaREpe monolithic
fexbplé an-opideadisighaldpe@aubvacian thick silicon surface layer 14 of
an S%l tryc %‘re that further cimfrises T\ silicon substrate 16 an byrigg K
oxide 1a7er 1854 SRGHAHAMLIIRAY IFTE B RF B E s ne Hhgfecdbac
aganpiac opiitalksignahpasassioin towghtefacosingiedemeslea@tat)l supported by
tthe.reafter into a relatively thin optical waveguide 22. Focusing element
}for,“égsilicon-based optical element, is used to convert the two-
dimergiconalipmwpagatingioplicalofigrad iitodintsie i MEN Siondleeptic dh-line
sign?l bounded in . . . .
optical detector 15 used in association with the feedback arrangement;
FIG. 9 illustrates another variation of the embodiment of FIG. 7, where in this
case, a ring waveguide is used to block a signal from further propagation; and
FIG. 10 contains a diagram of an exemplary optical output coupling structure as

controlled by the inventive feedback arrangement of the present invention.

Detailed Description

FIG. 1 illustrates, in a combination of a simplified top view and side view, an
exemplary closed-loop feedback-controlled optical input coupling arrangement 10
formed in accordance with the present invention. As described in various other prior
references regarding silicon-on-insulator (SOI) optical systems, a silicon prism, such as
prism 12, is used to couple an optical signal into a sub-micron thick silicon surface layer
14 of an SOI structure that further comprises a silicon substrate 16 and buried oxide layer

18.
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5 both its width and height by waveguide 22. It is well known that the
efficiency of this type of coupling arrangement is based, at least in part,
on the angle at which the incoming optical beam impinges input coupling
facet 24 of prism coupler 12. In the particular arrangement as shown in

FIG. hasmaviabledealieatvia edatieiebolurh asiormpiarisy @MENND passes

device) is used to intercept the incoming light beam and control the 10

Ty e B BRtHE SR FIHiRIGN B Co BRHEMray egpide 22.
FRr@GerIamer WinbRi 58 IRREINYRNLIPR] Aneins edalRano MKt two-

feedback_ electronic arrangement 30 is used to measure the power of the

dRERsIPRR RE RASH A AP SBANAR § s Dl Rt st p Bobded in

bbeing depansandiznasy wasedhramounts ofdigkheaunied iRetbraeghcy of this
prism 12. Advantageousl feedback electronics 30 may 15 comprlse a

WB%HBHHHB R AT IPeB S ditieh st iBRETE M Hinane { sehigh the
iROHEAY optalldkhaui fupislien g agsitiethaglonoAsishovsaperIG. 1a the

closed-loop feedback electranics 30 Is coupled to the output of an optical

Py SRS RIS o RA I a ﬁo@ﬁ%?m%ﬁ?ﬂﬁ?t’éf’c?ée@ﬁi&&é 4EBgs: for

cRehpitky MBles ats)iée)Gapbe®:a patiepahtiacpianadiahngauipuisgnabl the
using an optical coupler 34 to tap off a slight portion (for 20 example,

085‘6@{‘?9/ RS PrBl5RsAth Y IR AR FRPhYE [RSRiSAnd the

remainingdigasase &/t @Ke @melﬁ@ﬁkeﬁth@addla@seduﬁ@@ tehdhusiraie faedback
"optical" waveguide, with a thinner and I| hter lead line used to.illustrate

elgntrenie ftalle |3 Sth's é"t%%“ﬂﬁ‘?c} Fs?88v&rtﬂ£f%rﬂ}’é1?é‘]eﬁ‘|§88 propagating
aleiﬂg:mw@&@ B2l M&tb’@iﬁﬂeﬂso[’ﬁﬁeg@tﬁdamﬁlﬂg dapesapit sileenupopstiatenount

e remainder of the opto-electronics confi edback
o R S T A o O SRt ST S RGeS 30 may
cﬂwﬁeéteﬁnm@uaﬁlwmma@@ﬂmdtmw elegtoniccstnpoivwess Tbed is, pa:rform
chi or stacked |n uit arran ement e use
N R DA USRS the TIRUBAD fUBm O et gpedback
eba@‘sﬁttfw 1s1cdhp1anaiageeleqiﬂcaf sigogti QUi fronB D piicdl sieteetoradPle, a
is thereafte n inpyt to og to dlgltal ) converter
AN A e R NG N e
pa)plaxgﬁahge@[m Rigtigin u@lﬁ@mm@asalre@hpm:ml mgmbff hel(ygttpbmon (for
atlo lied as an input to a tunable cont lectr nlcs
e R O3 Al P R S A f e il the
eid;:mﬁﬁgefrgumhe u]mplqémmpﬂmgmfleﬁtﬂaim sauked muﬁ%@rmmmtie;ﬂml”

N e e S
padanilithio teadhiaek®léctranids]3Betalbackliflethenig Couplingated as integrated
within the same silicon substrate as the remainder of the opto-electronics configuration,
feedback electronics 30 may also be formed on a separate substrate that is thereafter
mated with the SOI-based opto-electronic structure. That is, a flip-chip or stacked
integrated circuit arrangement may be used to provide the desired feedback arrangement
of the present invention.

Referring back to FIG. 1, the analog electrical signal output from optical detector
32 is thereafter applied as an input to an analog-to-digital (A/D) converter 36 within
monolithic feedback electronics 30, which functions to generate a digital representation

of the measured optical signal. The digital representation is applied as an input to a

tunable control electronics 38, which is programmed to analyze the signal, and determine
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5 arrangement, in this case as an input to a position adjustment
arrangement 40 to alter the position of optical element 26 and thus
provide an adjustment in the input coupling angle and/or position of the
optical signal at prism coupling facet 24. Optical element 26 may

ifcaRfisemion exapRipuaJallaatly 61 RIBMESH i 2 H QNSRS iYRpRIRIERLAP@ optical
train of such elements. In accordance with the present invention, optical
CoRRERRF IS IR the various 10 electronic components within closed-loop

monotitiic irpetiRek eleabRicE:RE aketioiegrated withinstiasame e signal

structure as the remainder of the components in the opto- electronic ]
clefiEprjeMURPIIRTG moa i BHo ftrflberb < aciEdH SArrArg enedHy SherHamtecmling
atfpRiiQMiISifARRRIBOhcantinpaus!y poeniteringdhe periermaneR RO alter the
exemplary input coupler and modifying the orientation of reflective

Pegtigiy aRtirr B AGBYRUSETPE ded AL HdRdRfoE Yrgygling angle

af8/6r, RBIEN LERa RPN SioRgE0hEOR RONEINGS, fater) 24AIthe@h ¢henent 26 may
particular embodiment illustrated in FIG. 1 utilizes a prism device as an

CHRRR Co iR FEBUb AR SR FIEE Y 7 B SE WAT SV i ér P Sthgteh

erf?wii@.gllmaagg@;ﬂww&nﬁmgy f@&eﬁﬁdrgs)p@w&le?\ﬂ@es)z Hﬂfﬁuﬂlingirious
ut not limited to), inverse tapered waveguides, optical gratings, horn
el Ry GiEBPRIRNS %&HB&&%?@‘Q@M&% thts f&iﬁ?ﬂf’f&%&%‘*’iﬁ?ﬂéﬁ dfkare

iegReEies:iofi sk A SBTioachiay gs MRXieMHTH dep U Y BGIeIGYs in the opto-
dvantageously, the utilizatjon of a nonoljthic_structure in accordance
Eaitshis SPlbe DL Do RETo oA S AL TSt Ry Present
inneatipaBtethwibisr doventivestlasenHenpsfardiack elaaieati@ieIRemplary input
Re errirég to Fl(f.. 1, %ook-u&/}calibrﬁti n 25 table 42 mj%/ be added to ded
CRURIBARR Bttt SIE ISP REILOM S f&%)%fﬁﬁ‘éﬁfa"rughﬁﬁ& DRty peeded, as
IR QRS AAIIS OPIes ] dhawey (¢allesalsioat achisingtofdnytd sigoalponents, etc.).
velengths and reflective element orientati ssqciated with the .
Al e B SRR T LSS A, QLS o ey e as an
inpit-chiplom dycbibaukedetortonck iBitimlayelu @sddt@ithanitelley 38 (gueh@spling
during factory installatian), or, system interface 50 be used to 30
T e e R SR e S )
imendoijrgesystariuilas, upedaferakampleyforadalityesontiotafisdiaioke
urposes). F1G. .2 illystrates an arrangement for utilizing closed-loop .
o ARG s e B oE e o R R R R o
conptufptdiiGOnsych as a Mach-Zehnder modulator. As shown in FIG. 2,
modulator 60 includes an input waveguiding section 62, 5 a Y-spitter 64
e o TR e S s o SRHSE When he
pwaaeduidas arallberchifter detonapbdehwittsinosby easityhiner forantd aithin

SRGISAES, sednof AR ORISR 1Rt 2903 B PIE RS DB Hracon
table 42 may be added to feedback electronics 30, where in this particular application
table 42 stores various optical power values, and a listing of input signal wavelengths
and reflective element orientations associated with the power values. Additionally, an
external system interface 50, located “off-chip” may be used to load initial values into
controller 38 (such as during factory installation), or system interface 50 may be used to
interrogate controller 38 and download its stored values to external monitoring systems
(as used, for example, for quality control/assurance purposes).

FIG. 2 illustrates an arrangement for utilizing closed-loop feedback arrangement
30 of the present invention in association with a modulator 60, such as a Mach-Zehnder

modulator. As shown in FIG. 2, modulator 60 includes an input waveguiding section 62,
5



10

15

20

25

30

parallel waveguides 66-1 and 66-2, and exits through output waveguide

section 68. A 5 pair of phase shifting electrodes 70-1 and 70-2 are used to

control the optical path length "seen" by signals propagating along
waveguides 66-1 and 66-2, respectively, so as to adjust the
a ohapEarislian ol s AtpMh RIRALRIQRASAERd alRnGowavatiiod SEEHIR]

68. In accordance with the present invention, a portion of the optical ]
VRS AHAL Prepaiganitg Bt WHDELRYe SBLRBTT 62 {8ieapheutHf Biveguide
s&ebMey e AP QU RIS dizh A0 patsh plenliath agpan JARIBHG 2 st @rtieahgh

detector 32-1. Similarly, agé))rtion of the applied input signal propagatin
PaiRty MRS §Gideae Aoty 8BASYHD R IR OV R LUK SGLIRIEOS. A
p&RWPIsH 34 -vhandonpiesdas m inmidt 10-a seced aptisakdetectpiidagalh length
.Is to_be understood that as an alternative to utilizing an optical detector

S50 ARE SRt PRGNSR WAvSRUH sttt Hiay 5EPGSHYelY- so as to
adjveidinactheoredfer antrdeitipnadi ka1 vpapisn Stdeik ieaAgudthstheon 68.

arrangement described above, the tapped-off optical signals are

conveReiSRES AR SE LG DETEH A LS tiBAL ol PigieBH et signal
pRgAAS nEeAGsERngeinacoRiGahioRuE &igpal affthiheropieaautRtRigRAI34-1
are then applied, as separate inputs to monolithic feedback electron}c:ﬁ 30 .
a%ﬁl]af,’li’ﬂf?%?ﬁ&I}l&P&%t%éﬁ&%t%?tfﬁﬁ\%t?&tﬂ?é%c‘)mﬁéPEé%lé’ (oportion of the applied
irpte Mgiveyosachisignsh Mayevapplieid ascaioarslag tapdaRit b a second
separate A/D converters). The digital outputs from A/D conyerter 36 are )
Wt%veer%‘&é%%‘b\%}ﬁég“éé ﬁ’i‘&ﬂgfgée‘ii’)%ﬁ%l‘@ ElRhiES 58! ORNSRS G5t EHST 2. wisto
bapplieaiosdaantrel slettsaniassa3® perfeimpsaopacalysisdasad fosociated tap
example, upgn the ratio of the measured signals. The resuylts of this .
i R R S
wihe sigdalsrabruse doveaintiel madpdaten Gl {cabedh ebsighals: agliRiddl optical
phase shiftin‘g electrodes 70-1 and 70-2) so as tq imp@\plée the onal
S‘&B?%ﬁﬁ%ﬁ% B AHIOL ATV %0 B LTS RIGEH L 48 shpieobRpHgshenals
rdpideepiic el cooppivhinayiarsigpiical delye vprialityapat bigesrare aien {BERY, as
ma?#}f//? all be analyzed é}t\é.co trcﬂ; e eclronics 3838f th rﬁ’re?Esem ipvention. In
SEREUIEP S P DL e R S ST B e paéﬂﬁg BFETNAY B SHEPr
inpiibinocarirober 888000 ik enadtial)y,isaldokgmltakle BRfbudhaaiabalog
. Is present within feedback arrangement 30). By detecting the ratio of the
DS 5RRNEEA ec9wngeat§{§%tors, and knowing the DC and AC voltages
appliethtodegict phases Shitier feedhackez|@6tianibsratiitafihdipdesenputs to

invention can ad:j)%st ne or %(I)th of the phase si in%electric ingL%t inlgnals
control electronics where 1n a 1<ia oné(?ng(Me ctronics perrorms an
0 optimize the performance 0 ulator 60. ore generally,

achbpedHowp feadbaakpsysipon 3 ehtbe presantaswredtigmanail berasadd i this
algéi%‘fs“?s“t%%n%ts@ 199u1ater RO ReIIOMTHENESS STHRG $RrUdD & HarSBhars
used to control modulator 60 (i.e., the signals applied to phase shifting electrodes 70-1
and 70-2) so as to improve the performance of modulator 60. Properties such as, for
example, extinction ratio, optical output power, optical “eye” quality and bit error ratio
(BER) may all be analyzed by control electronics 38 of the present invention. In
particular, acceptable values for each of these parameters may be stored within controller
38 or, alternatively, in look-up table 42 (if such a table is present within feedback
arrangement 30). By detecting the ratio of the power between the two detectors, and
knowing the DC and AC voltages applied to each phase shifter, feedback electronics 30
of the present invention can adjust one or both of the phase sifting electrical input signals

to optimize the performance of modulator 60.
6
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different methods, including introducing thermal changes to the phase
shifting elements and/or by modifying free carrier charges within the
waveguide. Dither tones, as well 5 known in the art, may also be
impressed upon the propagating signals and used to optimize the

extinctiRie aRePliMauiR IR it dB8RATiEHABY HizaH Rt fearRatkn may be

system 30 with modulator 60, look-up table 42 may he used to provide

e ARIFRC Bt Sl QOLo\PsHRER Rifie shifins jaterehwaasty of
dartersitligRehvadelycmpg e Rprlicathd o vHEc aliak PAMKOEKSing elements

primarily to control the optical power propagating along a_waveguide.

apqesr Byimethiidag b LT RiGhYRE L LEILDS Mdisitdic (Ditssipes, as well
kASRAAEMERtSMAY 6ROJBBGHIMIEN apoax@nplapy MMy S talaaauraledto

set and control the degree of attenuation that is provided. Referring to
OpliEiZs heyRBRCHON 6%%&5’&“&%&%@%&3%@’%‘ﬁ%ﬂﬁ&%%&ﬁlﬁ%@%ﬁ?aek

sYNitABVIRRH PPtGRIsI0RIapRligt AR AR} DRI pRIHIRa &apERMure
82-1, which is thereafter coupled to the input of VOA 80. The output from
CBPRBEHETNEH Ebupled into output waveguide section 82-0. In the

utilizatiar Hf €lgsedd aapnneolitvio fegdrack] Eleciamics BEbwitbM@A:3a)
a first gptical detector 32-1 is used to measure the power level of the

COBHRLT NP RG LY B oPE SRELHE SRR tBRHSR502Y 7 B T8 e aie?

wihe paver Irgeofinerptica attplatisigbakiiRes- R pravidingie tiegbhck
measure o% he function. of VOF@ 80. As shown, t%eginalog electrical 1

APRBEETATREAS AL ARSI BRAH ST b S dn AR WA phibtrdgontro

tirefairtedNpids e IsIgRPPICasSRe RS roffee tDacR, BN @i¢silB B rated as
where the digital outputs from processar 36.are thereafter applie
A b P RIERAEEGE A, S0 Sb APt SRLAITEL R gl
e esevaiidnss comntsy-LSwlirbtio tescafievibaplat winkeifrgay of VOA 80. The
adjustments | .degree of attenuation provided by VOA 80 are
O BT EEn S A SURGEH T PEIBE S S T A e
udbpasidng inpotesigoap i AOUIB0 fAshiidk ¢he @oraagamments\disauskediirst optical
dabove,?'?i_cfalibra 'on/look-u%%able 42 a¥ bzi cIudted within the 1 J
Hohdii SUBLR BIEEWONIES PIBISITER PAARS 9BUTHy Ml & BRal L con
optijas e bloraResi sequd aslifrqdiftetenh 30 grassdb lef Attcopadidpaptpyignal, thus
Also, control electronics 38 may includ unication path to external
Poh fiheton of VAR

P g(%l e'ln i?‘nfielﬁ:a%én %S,u\%%ré thightétace y bé used to initialize the
operationlafvoantio hetdcirolriasi38, rigpackvaatamindd dabiredAjredrnputnicdicutput
R s R BB
3analysisthy digioff-alnipusyftempidé&ssordimgly tas¢thfrcopepaitdrnofip@A 8@ ontrol
elcercllgrggl%ss’ g%s %Euanﬁflilocrtll(g)r{’gp {h%Xvaé[irl]lglsefor the digital representations, control
electronics 38 will determine if any adjustments in the degree of attenuation provided by
VOA 80 are required. A control signal output from electronics 38 is thus used as an
adjusting input signal to VOA 80. As with the arrangements discussed above, a
calibration/look-up table 42 may be included within the monolithic feedback electronics
30, where table 42 may store the various adjustment values required for different
possible attenuation outputs. Also, control electronics 38 may include a communication
path to external system interface 50, where this interface may be used to initialize the
operation of control electronics 38, load values into table 42, communicate new

attenuation settings to optimize the overall system performance, or serve as a conduit to

download values stored in control electronics 38 for analysis by an off-chip system.
7



10

15

20

25

30

changes in the ambient temperature or age of the devices), the change
will be measured within closed-loop feedback system 30 and used to
generate an electrical feedback signal that is applied as a control input to
VOA 80 and modify the applied attenuation, as need 5 be. There are

many QRtisal £ammunicapensysieMasRag 0 thzefiliesing AthBieMide for example,
wavelength sensitivity to the system. Such filtering may be used to
changsydr HisiaBoishfamRes S Shgs WbeidnyasRidharpragagutiny Msagred
wRtNYR EsHel e AN IRHIBHVR Iy st otiaal filier maydeatses dR aslegtedtback signal

particular wavelength (or a group of 10 wavelengths) for use from a .
G BBP B b SARGRVBRYA Gon¥ Pro8B ARy P @PASd\ AR A need

parrangement discussed above, closed-loop monolithic feedback
electronics 30 of the present invention may be used in conjunction with an

associEl EORYRSRtSAHEAMMENES iR R e P s A UE TR Resp vide

WRHRIGRS SRk iay acmy spuemtinned eliaaiagnigmpakaiiie dhifbvetcabe”
as a result of variations in the 15 manufacturing/fabrication process, as

Sighp AT S LA Ci SR ITRA A PERAEAS TR Ant@vaeHi G/ M teratively,
a1$6}itba15ﬁlie§tfh1@%lﬂ@uE@}ﬁ&b%%@i@@ﬁﬁ(ﬁdml %&M{@alsegioup o_fd
arrangement of an optical filter isposed along an optical waveguide
W@ﬁ%ﬁ%ﬁ%?ﬂbﬁi%&%ﬁ&@%&%ﬂ&@é%‘i“é%‘éﬁ%e%ﬁﬂ’ﬁﬁﬁﬁﬁ%ﬁﬁﬁagn nput. As
wsgctiMVI2A2) i éaedhack eleatranics, 2hsU-loup esbasiatioredtaick20
structure within the same SOI-based substrate. Particularly for situations
el?ﬁﬁﬁﬁ‘&d&% t%ﬁ%i&ﬂ‘g%&’i\ﬂ%ﬁ%ﬁﬁ&%%‘ﬁa CORNBNAS ApasgLated

Spuhyva\pengthlsgaalpantizelns et kpacade ingipbeodivantlpsfeadbaskoccur
in accor&ance with the present in,é/enti(in provides gﬂfﬁ]ighly reliable

OXFrAHBE P &SRR EDAEHHIFG 08 WAVERIGH, BB Dosignal
nexitingtoftigahbliendsh hecexampartasikbiigussitiaté with plte@tityngfoffical

optical si%rqals ogiéft%nggt different wavelengths Xi, X2, ..., XN are
elg SR H’p%ﬂ R E Tt a’ftﬁ't‘t(étll’l%, where it is desired that only the signal

operaHI@. atiiatelengin ok chpl it dol-bepagateteBymmetsuopgdiiefilter 90

value of this output signal with detector 32-2 of feedbacléGarran e t 30,
IR P AINRRGHE GRS SO VIR AR M AL RSP 2 and an
optiaueni ehiftiidg efctien\wavdlangtfeadtinek 300k®@du el bfbraridgeomihilithic

monolithic arr ngemegtsﬁ the present invention,. the closed-loop ... .
SYSSHIS ML a}t?esﬁrélg R4S a%%%%p i%%ﬁ‘fo“éi‘f?—% oLt %‘ﬁ%‘@%‘&?&%&zmg dense
winrehadnléy silnglenSIdpkuhsirdddy BIG), witieist raiiesua inpxe mplalyngth signals are
C rsrge?ogirgc%g; fetﬁge g{%%@c t'in}lgeﬁﬂgc WIIP ecr:%ocrlPasn%g_\l)vo t %edrgaé: kt invention

é)lec ronics IS configure or GS&AWIA" 8°5R array of optPca evices
pikB0des1O0INh wheiebieaihdesoas foaycompligearaligty e wavelength of the
optical signal exiting optical filter 90. For example, as shown in FIG. 4, a plurality of
optical signals operating at different wavelengths A;, A,, ..., Ay are applied as inputs to
optical filter 90, where it is desired that only the signal operating at wavelength A, be
further propagated. By measuring the value of this output signal with detector 32-2 of
feedback arrangement 30, the parameters of optical filter 90 can be adjusted as necessary
to prevent drifting of the wavelength value.

As a further advantage of the monolithic arrangement of the present invention,

the closed-loop feedback may be used with an array of optical/opto-electronic devices

formed on a single SOI substrate. FIG. 5 illustrates an exemplary embodiment of the

present invention where closed-loop feedback electronics 30 is configured for use with
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different devices, or an array of identical devices. In this particular
embodiment of the present invention, closed-loop feedback arrangement
30 further comprises a pair of 1-of- N electronic selectors 44-1 and 44-2,
where selector 44-1 is coupled to receive the 5 measured optical input

af g il @cef amiical ogleriare e N dbvaughndd-ddhpecatedariety of
at the input to the associated plurality of N optical devices 1001 - 100N.
digfrsant e derscsindusay fddandcabtiemsite Whikis Briofie nEedtntrof the

pRRUEAIRIRN SINRLE [sepreaiees ki ge HIANS e theraidalyeResat Fair of 1-of-
l\garticular time. As shown, selector 44-2 is cou&led,between the output of

chehomy stlepiEafdutdit demetshessalachr trduigir s adacHE At
nRhARCopyestensi Insuchrdhah theranglog spitpat &igRal o piyoagh 32-1y

selected detector 32-2 will be applied as an input to A/D converter(s) 36. A

lo¢rrdririe wetiadigasprriaiednter Ly aid oriinel 9 isrdafhg felback
selaatrpnigsthofithe Rreseinb avenione s HidBtoates it E HesobiAs peietl,output
switch, 120 _included an input coupling element 122, such as a pair of

S\GDAI R 5 R 18 WD/ R B RS RIIFGF IS BBt Gt

sdighal 1a-1he Sysissl Tdhe &gl sutperospilatang vrampuidasplldeteantds 32-
124-2, where a pair of phase shifters 126-1 and 126-2 are dispased along .

WAV des a4 HREDIHS A4 SERNTERT By Gontrbilliag Bethateg outputsignal
fiegnaisyapliesdeo hesersiuftesil 36-dpphedkrer2idpe ey oplicat&ignab.

may be configured_ to switch between a first output waveguide 128-1 and

2 secOn SR D 8. A 0 Bl AU RRdEF
elberoplisa v tebipgfemcliven(®mch ARistartexaniie, #s A gioom;ai®itch 120
. (BER)) may be controlled, in accordance with the present invention b
AR ARG B0t N R B b m e b B S g AR ARy
wapbgaidsigial povwdnpiiesartialongeach apiautsigesl path. Mhaciaiaikinthen

jith the present.invention, therefore, a pair of output optical. 25 detector

STIARE B35 LB Ao U 6 e P, BIFRE ORISR dr i and126-2
afighglofyd pragtingvalandewaveguided 228; tapetiiv8y?, B3spaativelyg Alectrical
Inpyt monitqr _camprises an gptical tqr 32-in and associated
SBBGURE LA IR NI AP foheCie e SUBb YA Gt capy be
colgfigaiedstd 2vwatith dedye2nauiz gengratevelegiridall 2hdlagdautpobisignajsit

which. re eﬁea\gera plied as inputs to A/ p{gctzﬁssogs of %Oh' functi
Wr%er%h?ﬁic SlectrOfiE 38 AL it SHABES oM Prodedet, 48lfging tunction
(dheraafter appliett aiss an enputritoecaBER)) etestientoatdd]athial@adaaes with the

two output control signals d%n teﬁl C-1andC-2, FI%. 7 iIIustratte an
pre%%%bﬁ%&‘%‘&ﬂl- ARGH PE08 BRI ANS IR € AN R RS ARRAL Gipigral stenal and
thresptiedbrigiraighorecinpikis taden ghacmaymsesfaedipadk electronics 30 of

the prﬁlsgc%tor%ance with the present invention, therefore, a pair of output optical

detectors, denoted 32-outl and 32-out2 are disposed to tap off a portion of the signal
propagating along waveguides 128-1 and 128-2, respectively. An input monitor
comprises an optical detector 32-in and associated waveguide 34-in. As with the
arrangements described above, optical detectors 32-outl and 32-out2 generate electrical
analog output signals, which are thereafter applied as inputs to A/D processor 36 of
monolithic electronics 30. The digital output from processor 36 is thereafter applied as
an input to control electronics 38, which produces two output control signals, denoted C-
1 and C-2.

FIG. 7 illustrates an exemplary SOI-based wavelength selective arrangement (a

ring resonator structure in this case) that may use feedback electronics 30 of the present
9
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invention to provide the desired degree of wavelength tuning and control.

An exemplary waveguide 140 is shown in FIG. 7, where a ring-shaped

waveguide 142 is also integrated within the same SOI layer of the

SOl-based structure as waveguide 140, and disposed in relationship with
iVeNea il AARRAIRSHA PeH-SaHBIENIM RIeRa@AtINth dhAd@stigBlarAR exemplary

selected wavelength. As is well-known in the art, the size and shape of a

gt deshamna ESHfiduPdPio RE S sRRAFSr A rardeUlAs is also integrated
witBMelRagime kiR bereaeBOH K@k henwaus skt ane into, thRi dgosed in

?(%It,ernatively a particular wavelength of signal injected intg ring
T

ishiRE Bt HARL Rt BOiSATRAD ekt BERRARA UAS P s RARIcular,

s@BrRQrivaeae Rk ihl CA ¢ isring Migvsaidentartisieoniigunad kaRUfGoHREw ave guide
light prop,agating 10 at a selected wavelength X, from the various set of
D

e roRGEE st ipayainteaidhg 2 Raviglind v nsthe L s Pe & otnteout of
tHeywktelen Rfcan it age -8l fting @lementvind adispses: ReveNawh OV§Eaal injected

ortion of ring 142. Phase-shifting element 144 may comprise, for

. P

IQAMBRARCHE A o MR R AR Bes e RIpe %f%&fﬁ%%%‘%%léﬁbliéﬁﬁ% of

e@b&laatic I FYDAY teiphaseshifdngelemantikdfinadiansotpRIeftheopagating
optical path length 15 of ring 142 as "seen" by a propagating signal, thus

abselrcielavRRlenstyt fram s BateBtrealinge Rlsg 2 he PIORREHgre N &
wolEB i 0 9404 2R shawminy BIG cndliiSHP RRub REarSEagd dhdt ARl leialitt ofig

rings may be disposed along waveguide 140, with each ring "tuned" to
disapestigesAuifterdAt VBORIEAQHIRS K tohhasfophifting clement 144 may

c@mﬁm&mgﬁ{gn&i Rlerd RGP RS TREQDS D BRSNS df delGee! ThSEPRIiRiRion of
optical waveguide 146 is disposed adjacent to ring 142 to capture the
agiefReirisd sigtitg iRk ng sl omshb ldfolnsiéos i ter B fiRtieligath length
oPraRapatedrerghiha Sopdaxen otie RHARISNEN e Acsereansanitvill be
the present invention, a first optical detector 32-1 and associated tap-off
copalesyintRring 1 4o Altbpral Ay sosies Ra A dhos 18] 16 16 bindode
uAdesyiben afaheptelgeiedrsinnslfon e anplsisobseraraieldnticab dRtaCtath ring

32-2 and tap-off waveguide 34-2 are used to measure the signal

“tunedidmgusienipine GBI MANTSRE e 2 48 [ BBtH Yithese measured

nfignAks e dbaigaprRk appiedapiRputs to feedback electronics 30, as
shown. In particular, the pair of measured signals are first digitized within

AID sighai Yt - S AR ORBSHEY A€ el HbLrdiipexspgacent to ring
180061 ORIES3Be SRR RIEARIC S 330 RTINS RMABMYSISMAN® continue

characteristics of the selected wavelength versus the remaining
(QupraRigRte thipavBIBgPhY (i5h & pemaFangrrent WaerMAIRCeikiihdhg present

iRagednon s dpfRrmatier sner ales Atelacianic senioLslgaabihatds
applied as the feedback to phase-shifting element 144. The applied

disprees| %‘i’g@?&ﬁfﬁﬁé‘f@&géﬂi?ol é@ﬁ&@%g rggnove a portion of the selected signal for

analysis. A separate optical detector 32-2 and tap-off waveguide 34-2 are used to
measure the signal remaining along the output of waveguide 140. Both of these
measured signals are thereafter applied as inputs to feedback electronics 30, as shown.
In particular, the pair of measured signals are first digitized within A/D signal processor
36 and then applied as digital inputs to control electronics 38. Control electronics 38
performs an analysis on the characteristics of the selected wavelength versus the
remaining un-selected wavelengths (signal power, “drift” of wavelength, etc.) and based
on this information, generates an electronic control signal that is applied as the feedback

to phase-shifting element 144. The applied control signal thus is used to adjust the

10
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characteristics of ring 142, as necessary, to ensure that the proper
wavelength(s) is out- coupled from waveguide 140. As with the various
embodiments described above, a separate look-up table 42 and/or
external system interface 50 may be used as part of feedback electronics

RRaSIGic8 Hlusitatas ashightvariationnitberambedinntefibefiGsYis out-

where in this case, an in-line photodetecting device 32-1 is disposed along

copplediem Yaseaidnodth. A pihidsixprinvmanbrdtegate ey beditrse-p

sépaYeABHRISS RBlavelinaveyagHIAR: HelsCtR SHHE B enthabdulite s pad of
within waveguide 146. As with all of the other embodiments, the analog
fesdRar sl stipricsidhal from photodetecting device 32-1 is 10 applied as

the input1e AR GigaA PresesaandenalferdhaskdeieaitaTigr 3AGANOMRYe in this

alternative to the arran(t;ement,of FIG. 7 is illustrated in FIG. 9, where in

°3ffs PaitidinaPholedelreriggdesinsied WisvEraesEH Mg BRY e8aRddOndmhown.
IfyiherupipRagatioshotbeiefene, devitis Bmbadivoaisitep-atfwaye suidesarte

associated with optjcal detecting. device 32 is positioned adjacent to ring

deiesrap it Wb 18 S Batedotisfenar frsgt i & Portisn ot AE BRHEIIEFT

eivBy@iRgts) thatwasaervaved bapuvagaguidenlgibyade actiasyiebrnd is
aldﬁéén the same manner as the embodiglggés of FIGs, 7 and 8, the

dredie A QS AR ST AR PSR A b bR e HIFBLCS 8 Un 4y HBST

ahenaed to adusiiienperfornPanCce efinngridd thrplghthehappiicatiopeficular
an electronic control signal 1o phas -s‘mﬂing lement 144. 20 As .

C?H%H{Fo%‘étac%%%&%% SP%%IL}&?HB YieRLaeTH af iR bPHP 4B Yhsed

Tabtegbeefise ehiticahbd diehiavingbe dasied degressotapiicaligfiipendyetecting
Equally .important is the output coupling arrangement utilized with

I b DRSO SHCR RS oy B PR Al SR bR st &

pthepresed paventienwiverenmbialithies feadhackelackronigsidd 1I3Wbliaad action

Ogﬁﬁiﬁ% 'Qﬁﬁ%qavégﬁﬁa&in%%'rf el %@ﬁﬁf%%'ﬁt{?éfc%i‘giét’%ﬁ%ﬁéﬂ%?l?ﬁﬂtred
i “a”t‘?nw“%‘;e"“i?%iigfﬁ?n@?ﬁt ?;ﬂi‘,?s?ff‘;ﬁmﬁﬁ%ahe
PRSI Tt T P AP LS i i AR B B PR Stemal to phase-

slifigndishansinnaksignals propagating along waveguides 152 into a
two-dit&nensional,(follimated form. An.out-COU{)Iin eyice 154, 30

nion QVe, Proper coupdin ntlodt\flmu’ ngj(sp—asd

an op i(§arinﬁrls(r)n,e IS lﬁene’u%é)g %Cre-%lire%f) & WS titness] nélosiﬁn I oulfaosf3
stivetptaiseofithbi s athseNist dte dewiradiddres: spape(ullkéfieitnsyto Bgually
ir{‘{é‘c‘)’%ﬁ%‘ig’ %‘&%ﬁtﬁ{ 'Ot 1?&“%&2}’1{’%%%}85?&‘{1?9@9 %EE?§8T_’$§S%E%§H&%%§. FIG.

pers and/or gratings may-be Used for coupling). 1Unable coupling

lelgmenttdb4) ascafjiury cisibodimesedftchpiopssy tiveatithisviicdke monolithic
feedback electronics 30 is utilized in association with an off-chip element to control the
tuning, alignment and focusing qualities of an optical signal as it is coupled out of the
SOI-based structure. In this case, the output coupling optics comprises a pair of
collimating elements (for example, two-dimensional lenses) 150 are used within the
surface of the SOI substrate to convert the one-dimensional signals propagating along
waveguides 152 into a two-dimensional, collimated form. An out-coupling device 154,
such as an optical prism, is then used to re-direct the two-dimensional signal out of the
plane of the SOI substrate and into free space (where it is to be understood that various

other types of coupling arrangements, such as tapers and/or gratings may be used for

coupling). Tunable coupling element 156, as shown, is then used to properly direct this
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free space signal into associated guiding devices (such as optical fibers,
or waveguides within a following structure). Referring to FIG. 10, optical
detector 32 is used to measure the amount of reflected signal present
within an output coupling arrangement (where, of course, in the 5 ideal

frRN angement g sellestaraignalinowd ibaye & RAkoPANE AN Blve guides

r,ne,asurin? the amount of reflected power, as translated into a digital
withinat 59 IRYENS SRR )36, control electronics 38 may be used to adjust

the origgliaRO0LIMGHID Iepable &aLRbng 2lammaniolmB-80ra3HO feruatbe

free space propagating heam(s) into an associated optical fiber ar other

refifichethSaeBR SIS YHBLIE GBIRY FuRiBsHTBR &BERH  RRsB o R fOMS o fn the

idbg Rreseshiavantoprhena heen puaemae toraupeseswalubysiBitiorantng
description, They are not intended to be exhaustive or to limit the

hEGEHIBY 26 T plet RIS EastBsddn g A BBl sk Al /D processor 36,

conadifigations et varniiensal eoneseipkddlighiaabtheraspyRifaaahig coupling
For example, while prism coupling is mentioned as the coupling

kB8 FSr 04RO B SER RS RESRHSPURAAEINbEIEY Bpficsgeiated optical

fibetpHothépluRBViBleRfAtbased structures may be employed and find
benefit by virtue of incorporatin the.feedb$§§ arrangerrhe%]t of the_ present

inventldiS. IRIGROMR &t RERR DA SRASING RO RS it (AR RS B fGRbion have
beaMmpeRants tiapuape sy pPaed-iba sepatate SUbstrate yhat isoiateadter o be
coupled to the SOI substrate supporting the opto-electronic elements

ey i i3 o]

-ele
SUYEOR B R VSRHGAY a?ﬁ‘@‘é?ﬁéﬂ’f%cﬁ? r4RskORyioyisly many
nfoditherti sy ialdsviinaso ol projoceteciars deistretedevicesdiingtagiatedmple,
evices, waveguide-coupled qr in-line) may be ysed to provide the input
T S e UG T S LR D g mbbdiments,
aeyaddbreenis sglepirdl ouplustridtansvers swisenanshdesssbadjrverdaployed
to hest explain the principles of the inyention and its practical gpplication,
b B R R e 2 e PR e
iraved tiarioM® e dinedistsibadtheleriaus cnodiidatiods @ aienswitednipdhents that
articular yse contemplated. It is jntended that the scope of the invention
ofE VAT Sy B AL QTR DB ORRENaED LD Ch e S
sWWpatisecliaénopbislet trnio@haibis 0pto; citiptanic’ leadiedcktarkangamagtment

or otntrollin%sﬁhel:ligtrﬁ[ in_at.least one ?pl}ifcztal Itemtent{g.rmegl \githin a
oG HEREIS Y oidaR B0 T4y GRS ST BB e 2 Lo Bh SRalinsy
i@ rsirdetives, theverunddituagredivdakiaramge e ntefoinedvidehinethgput
A GaTR: etééfﬁt‘ékeﬁfe%%%%”spéﬁk{‘eg oL e O R CA PRI e tected
evice disposed In the ayer toreceive a
for illustration were chosen and described in order to best explain the principles of the
invention and its practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments, with various modifications as are suited
to the particular use contemplated. It is intended that the scope of the invention be

defined only by the claims appended hereto and their equivalents.
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portion of an optical signal propagating through the at least one optical
element so as to measure the output optical signal power from the at
least one optical element; and 10 a control electronics module, responsive
to the output signal from the at least one optical photodetecting device,
WaLERPRAMRE the measured output signal power to predetermined values
and applying a feedback control signal to the at least one optical element
based upon the comparison. 2. The monolithic opto-electronic feedback

arrangerpenbasiABfingsddaidnic AwherainhealsanermanfJutbane light in
comprises an optical coupling waveguide disposed in_the SOl layer

I
AleRve? PRISHSLEP OHA Bt Gt GRes ﬁb%%l/?&%%ﬂ&‘fﬁé%ﬁ?é’&ét(sm

1880 dtisiceleniensstaas tSap offianrerianHbibatpiOpRaA8HAY fAtGEAIMent
signal and couple the tam%&eg-off portion into_the input of the at least one

fsBrrbyphidhefating QesiusuerRd FRBIGIHINE opto-electronic feedback

arrangempgioas delingeiiael@imclin2Qavivs aisphe ailerssoagetieateceive a
photodetecting device comprises an in-line optical photodetecting device

PRFHRBLE F WS A 88 INRRAal e R B it BTG ffeoBi Ak HEegLo as to
nRAsueptitabelemmepticdl Tibemenalithicapke-aleatsonit rdhaskement; and

arrangement as defined in claim 1 wherein the arrapg%ement urthehr

compPSEEEH RASTUHGEREH BIESSBANSRTVSATREIIE YErgligrtiaca! least one
ojersl pheteptical phatedelediing dpyite andiikasipaidtfhescanrgbwer to

electronjcs mogdule for converting. a measured analog signal value into a .
Pﬁ?@?ﬁ&f%ﬁf@%@ﬁffé{?&é@%&‘é‘%ﬁﬁ@ %%ir‘b?‘&f@ SR 86@?@ Phg optical
easslibaic O ppoetacteonipdaasthack arrangement as defined in claim 1

wherejn the arrangement further compri Egﬁ%memor%&modulqleéncl(tﬂdin a |

Jook-b thTE IR UHUR SBIPHIRRINE SEPR6 L ABSE A ROt B G L i
weteRrip iedestoniasdofiaethelgeleyntobie sibcngexpecteskojlécéikposed in

o) values for use by the control electronics module. 13 6. T
o Rt e R A0S O PR ST IS A feast one
opthaieikifheedsangemerdfurinatcompiisqs @desias opakal dikanitivd couple the

di b d the SOI structure; and ication interf. f
BRGNS AR 4 o AL e

]

and ti%e atiemaedclothitodgioceidtyronid fee dbastolithitgepionelsadedhied in claim 1

fﬁ:-edba%k atr aré%ementtas eﬂ‘linteg itn ctlaim 6 wherein the comr‘rfunica%io
WREEHA RS S GRIE QG- ORI ROMRSTEURS S DATH FOMREF ARG TR PRS2

plialoésavithindineceatitiolse e otibinaheriiollleyer along an output waveguide of the at
least one optical element.

4. The monolithic opto-electronic feedback arrangement as defined in claim 1
wherein the arrangement further comprises an A/D converter disposed between the
output of the at least one optical photodetecting device and the input of the control
electronics module for converting a measured analog signal value into a digital
representation for use by the control electronics module.

5. The monolithic opto-electronic feedback arrangement as defined in claim 1
wherein the arrangement further comprises a memory module including a look-up table
disposed within the SOI structure and coupled to the control electronics module, the
look-up table storing expected optical power values for use by the control electronics

module.
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8. The monolithic opto-electronic feedback arrangement as defined in
claim 6 10 wherein the communication interface provides an output
communication path for interrogating the control electronics module to
determine its performance. 9. The monolithic opto-electronic feedback

arrangengatasmegfined b daithdniwhi@indbgratleast e aptisad in claim 1
photodetecting device comprises a pair of optical photodetecting devices.

wWheTe i the dHABREMEIE EREEfOERiNiESfeedback arrangement as defined in
claim &wherebhadiistanptisaliphaiessiostingdevine ehéngdaiief optical
photodetecting devices is disposed along an input_optical waveguide

sectichSRIRTYHE CSBSINAPS3F terSEsnse et ey e shewHt PraMeS g control

cRptical Rhatkieiesingdeuiaa s Dispeseed-alagg an output optical
wave%uide section within the SOI layer of the SOI structure. 20.11. The
|

W . 11, The
monofithid6FRENSLES ARLTeASERN Gl e isih aripaee st drgshanygaim 6

wibeigithéhe eplicatelRim antFaspiserlal ipashancoptiahiiieiols ligPR8tbring
hetween the first and second optical photodetecting devices, the

intiaizaipnyAlseERR thiicent! Jertsrmchmnselsgth filtering feedback

contrd, IehenB1anRlithie pienRigctfanieiacdhackeatcangemrentasn claim 6
efined in claim 10 25 wherein the optical element comprises_ at least an

WOSHRL R RRRY Bk iRl AT oYl Spb AR & HRtk SRR THE AL ofHppth for
irﬁ@ﬁ%@ﬁii‘ﬂ@t’iﬁab?hﬁ{%@éeﬁﬁlﬁ@ﬁ%ﬁd@@? tth@eiﬁﬁghﬁciks %éfﬁﬁlﬁﬁm&ﬂht utilized
to adjyst the selected wavelength to be hlocked. 13. The monaolithic . )
opto-J e 8&@?8@@8&&?%@% RS aE kAR g af&iff)ﬂ%&éﬁw%éml
woptisial taleanenk conpitralapHeaskaranadale opiigrl attapaator optical
ﬁiqsg&sed . 30 petween the first and second optical photodetecting devices,
PR S SRYement utilized to perform attenuation adjustment
feedbagk Thateindkiié ophe dnonotitbitcefiockpetinriméaedbackned in claim 9

rrangement as defined in claim 1 wherein the optjcal element comprises .
W oh SR KR B S S SR RS LRSI AyoARe e vices
iddippared shifigngnseptioosiohtivenogtidat swedulatoitivibai8 18256 lofake SO
the SOI structure. 5 15. The mon.oliwﬁeo %o-electro ic. feedback 1
S AN G A R E AR B UE Ort§| PIRCIRE [GREr B RTbRosss along an
oelpimepticanpisgsideplevality vofidptibalSKiemgaifibe T snanelithic

opto-electronic feedhack arrangement as defined in claim 15 erein the.
arrang SO TR R B e AR R ARG Y i 10
wihtesiackechgivat ol dhe: pluralipyriof optiead tele myetiis] dndithedignised between the

FEIESiPDics Iode, 1047 The monalthc GRS RSO SR IRA ciisea
perform wavelength filtering feedback control.

12. The monolithic opto-electronic feedback arrangement as defined in claim 10
wherein the optical element comprises at least an optical wavelength blocking device
disposed between the first and second optical photodetecting devices, the feedback
arrangement utilized to adjust the selected wavelength to be blocked.

13. The monolithic opto-electronic feedback arrangement as defined in claim 10
wherein the optical element comprises at least one variable optical attenuator disposed
between the first and second optical photodetecting devices, the feedback arrangement

utilized to perform attenuation adjustment feedback control.
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wherein the arrangement further comprises at least one optical coupler,
with the feedback arrangement used to adjust the coupling efficiency
between the optical coupler and the at least one optical element. 18. The
monolithic opto-electronic feedback arrangement as defined in claim 17

15 whefenHOt A de@asc UpRooRtEabRRURIRIHGERNRSER AR RN GRIFRIEIT claim 1

coupler, with the control electronics module output utilized to control the

WhRERBS P BICHbLT pRSHIoT BYPARC HPRi CRISH MaP MR PBspitkihs sprgptielgetronics
nfyisme fRephfdhne QplicahREST ERIBREHidS Jhadrpaek!hif aRtadIRehaNige SOI

feedback arrangement as defined in claim 17 wherein the at least one
laygtieh o aMEF EeiPfises an inverse tapered waveguide coupler. 20 20.

The m@nofipigmepitialecpania deeshackananoamant aselnRa i Ciaittaim 1
17 wherein the at least gne gptical coupler comprises an optical ratin%f
ﬁiﬁ%ﬂ‘

whittrifuree ditrRih e feRIAL R SPrSRGRTERISERi A AIH B t Oh p el
the gragingiangladiugtitheptosgecialed aplicatraupingtiiciangtizd ihn@im 15
monolithic opto-electranic feedback arrangement as defined in claim 17
wHSTGIRd RS ATTARES MBSt ST SRR S Al AP Sl S ABLE Yl the
itetflebedd.cEhenspheliinicoppinieiesleaniatieadbnek aita @@ ias module.
defined in i}lgim 17 .wherein the at least ptical coupler comprises an.

one
output Gpt s BSBBILPIS P PHASHEN %‘%ﬂf MRS ME e tsimed in claim 1
wiiging v anhascdefinedrinegladmfriwher eiasthmablaast coeptfticath the feedback

ar?lal%?grplglil% gsrc]:(? 0t ig Jluss\tlvtiltl%hc'o?lgliIth efficiency between the optical coupler and the at
least one optical element.

18. The monolithic opto-electronic feedback arrangement as defined in claim 17
wherein the at least one optical coupler comprises an optical prism coupler, with the
control electronics module output utilized to control the orientation and/or position of an
optical signal with respect to an optical prism facet of the optical prism coupler.

19. The monolithic opto-electronic feedback arrangement as defined in claim 17
wherein the at least one optical coupler comprises an inverse tapered waveguide coupler.

20. The monolithic opto-electronic feedback arrangement as defined in claim 17
wherein the at least one optical coupler comprises an optical grating structure, with the
feedback arrangement utilized to modify the period of the grating and adjust the
associated optical coupling efficiency.

21. The monolithic opto-electronic feedback arrangement as defined in claim 17
wherein the at least one optical coupler comprises an input optical coupler.

22. The monolithic opto-electronic feedback arrangement as defined in claim 17
wherein the at least one optical coupler comprises an output optical coupler.

23. The monolithic opto-electronic feedback arrangement as defined in claim 1

wherein the at least one optical element is an optical switch.
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