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WAFER-LEVEL OPTO-ELECTRONIC TESTING APPARATUS AND
METHOD Cross-Reference to Related Application 5 This application
claims the benefit of US Provisional Application No. 60/551,316, filed
March 8, 2004. Technical Field The present invention relates to the
provisioning of wafer-level testing and, 10 more particularly, to the
capabiliyV AFIRJIENEDOPED AEFGCTR AN O FBSAIBSGoxRP ARSI OAND
various elements formed on a silM&FE@Ihsulator (SOI) structure using a
single testing element. Background of the Invention 15 In the
CresniiglsransetorRelscedrdvrlicatiatvely large silicon wafer (generally on the
order gt sppatalinicbRSHT diag&t&rﬁ b Ug@@&ﬁ@h %ﬁ@n;@r;;}?‘mguﬁiﬂi@.
mbe ntical i rated circuits. Once the wafer has been
60@&%@25{9&\%%@?62@9 is "diced" apart to form the individual integrated
circuits. In most cases, hundreds of identical circuits are formed across
Telﬂﬁimfﬁewfa(‘@; If the perform_ance of the 20 individual circuits is not
tested prior to dicing, a "bad" chip may be further processed and
packERfeRf ciFas g Vaniasiateitte %CPHWWIWQF%W%%H&H%&E% and,
mohePakinanail i ihenseapaandustoridusiy@ndlisiéadiioaaiypisaddronic
resheaspre VOaI’iOLfS elgtctr'ca}]rll g)&;\ran;et?rc% on (e_achlir}t()egér?a(ggﬁj %ircuit Wh.iIIle
SSSHE iR WaTer Tonm 1o Vertty Contormance of the tegrated circuit with pre 25
singkfingthgploifications. Beyond the ability to verify conformance to the
specifications, wafer-level testing in the integrated circuit industry has the
inherent capabilities to identify process problems, provide pass/fail
Bagkgegidrapd e dHitedofollection and generate/run specialized tests on the
wafdn (eh g s Ghisiomeacspenticinsts)relheviaigreased Use ofwateg(atedrally on
mneSisgironics, an;optics on, 8 single SOl stugtre, 30 nowreAuIEs e
d%veTopmen of water-level tes ing for oth the electronice an optics.
ideTihigatypte pifapedfeidavie] tEsindheguitashelcetricabimplasioumassiadhi is
“df QUM Jphies! RAd/RRIME As W @S-ARUCH PRI PMIRYIS B the farma b
couplers, fibers, etc. Commonly-used methods for coupling light into SOI

iSRG GIRCIHES (R ATAS TS AR TSR VRARE Jh 18 PEF BRENCE of the
indhiigeatirhensionalotapeks) pegrikedcogss tbdie @dgeay be further processed

and packaged, wasting valuable time and money.

Wafer-level testing is well-known in the semiconductor industry and is
traditionally used to measure various electrical parameters on each integrated circuit
while still in wafer form to verify conformance of the integrated circuit with pre-
defined specifications. Beyond the ability to verify conformance to the specifications,
wafer-level testing in the integrated circuit industry has the inherent capabilities to
identify process problems, provide pass/fail criteria, perform data collection and
generate/run specialized tests on the wafer (e.g., customer-specific tests).

The increased use of integrated electronics and optics on a single SOI structure
now requires the development of wafer-level testing for both the electronics and
optics. This type of wafer-level testing requires electrical inputs/outputs in the form
of test pad/points, as well as optical inputs/outputs in the form of couplers, fibers, etc.
Commonly-used methods for coupling light into SOI waveguides (such as, for
example, inverse nanotapers and three-dimensional tapers) require access to the edge

of the chip (or die) to couple into the waveguide structure. US Patent 6,859,587
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35 of the chip (or die) to couple into the waveguide structure. US Patent
6,859,587 1 issued to D. E. Nikonov et al. illustrates one exemplary
"edge" coupling method for testing lightwave circuits at the wafer level. In
this case, a first optical fiber is coupled to a first "edge" of the lightwave
circuit and used to bring a probe/test optical signal into the lightwave
circuit. A second optical fiber is coupled to an opposing 5 "edge" of the

issGUFH AR YREH 40 &%l?ﬁi&ﬁ?af%‘ét&&"&%ﬁﬁpa%a"dcﬁg%“ac'odrﬂ?ﬁ@ﬁl%%% fyave

access to the "edges" of the circuit is considefed t6 be a severe limitation
tesgpghliziyaicutaiowater- e tistidaytbstinihmeriod2 OStratétl Abslication
colpiklieation2008/:28783 (Idahannessein Jndubdistiesti nahiybsi@9@diical
ll sIratet% aﬁi[%%ltemative "optical prggle" ?.rr%'n ement whg{ﬁz testing)of 10
SERDIBNA GRRVAVE GIElHS achigtdty B) 1EMoVIRG 2 TP SUHACE SORIGA St
“edpe’cifabit naterialnih seléoted lecatiensutpugaintageess sgelyabieguide to
ha UHE AR RORA o PRIICEL RIRREMRLUTBL MR e fOREEL IR

the waveguide. While this arrangement eliminates the need to perform
Paﬁ%&é'“@gﬂéﬁ@ﬁ%%ﬁ@lﬁ&gﬁ&%em is considered as "destructive
testing' Psirae Apoitian AfFhEl kit DUESy bEsremovRGhianksparioathehed
testing..Qhvigqusly, when performing repeated tests at multiple circuit .
o o0 e RS LU oot A RAIS ol Ehorae e o
a plaganbghtlearcthat thisstype ofedgticaiproing edojdsbd assarbitith stitharmioant

mAAHANRICNEd ARHCR| WHAYE QHIRES . WD ICL A6 0HIRG IRGERASCHIZR A0 n

single mode communication applications. Moreover, both of these prior
oplgp PF&H@%&?P@&&%Q%%é%?tﬁfﬂé%téd%mmﬁ@‘%id@ bidtihden the
arrpitead o ke rand thensmfes feaising isipdesdiegasding typprodughhibity of
co m%aseléremﬁg& and clger&anunation) and .provg_qlgeori\rlgu%pticgtl lgestin%'v

raditional electronic. 'prolﬁé cardis g?ﬁfl%lq%lred %ana yuze anc %stetawté)

pedtfantribnitsstion. thtd wedely, Privs, periewdl renvairaseihttses prionipfoeiscuit
lodafsklsyelvastingaethadelegy tbat e £omekines eptical and glgectiicahot

testingl into a single arrangement. Summary of the Invention The need
clergiiainih ﬁXRﬁé’%?iﬁfcé‘ultHEOQB&f‘é’égé’& By the BheddntisiemtaRe AR
opteldtes tedine ¢rovisning fol diafe dexakiestingoanthghane gactiawtanyc 4don
apé) %gégﬁsgg%?'e'&’eﬁfb%{ﬁ“é NQopiisal Slesiusal A0d.oRie-RisRlLopG seRting
matching fluids between the optical probe and the wafer (raising issues regarding
reproducibility of measurements and contamination) and provide only optical testing;
a traditional electronic “probe card” is still required to analyze and test the electronics
on the wafer.

Thus, a need remains in the prior art for a wafer-level testing methodology that

combines optical and electrical testing into a single arrangement.

Summary of the Invention

The need remaining in the prior art is addressed by the present invention,
which relates to the provisioning of wafer-level testing and, more particularly, to the
capability of providing optical, electrical and opto-electronic testing of various
elements formed on a silicon-on-insulator (SOI) structure using a single testing
element, advantageously leveraging the body of knowledge associated with traditional

wafer-level testing of electronic components.
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elements formed on a silicon-on-insulator (SOI) structure using a single
testing element, advantageously leveraging the body of knowledge
associated with traditional wafer-level testing of electronic components. 2
In accordance with the present invention, an opto-electronic testing
element is configured to include the components required for both optical
and electrical testing. As disclosed in various ones of our co-pending
applications (see for example US Published A[i)pllcatlon No.

2004705 1918 DU PRl R APIBLIB; TOOU B LR SR SpHOS e &
CON[gLﬁ@d%EMlﬁ;ldlthd Septembey réq206d fodivedt optical aolpléngidatoeating.

Assdig’c[HL%EPfh dmsnsigned ?Bﬂ?% %%%ﬁg%g %E@Q iNEROFIPD.A AR AP

electronic Chlp Is accomplished Yy using o risms or grating

PubtiehathrABP Hrspiosedo Ogdﬁé&%» @Ph%@@@bﬂ\éqr@&b?é 8t029%eﬂ9J§oup|e

Apighhinge $he SQblayey3d, 1he, sticteireBeam, Seerng/rhapig antispmay
. beincluded in the |nvent|ve opt 10 electro né istln element and used to
B4 c?fe“éﬁrc?‘é FReTRG' 6‘C d'BUtoY é%) Mg é’t‘)ﬁ“(’ RIirPR

elepﬂwrahtghqfL@Iatctmmi@teéfopomtsgpmbaispmnmgldiimg:stnwemi@nalisposed

on (ﬂé@lﬂﬁ&%mﬁe@éﬁ' RER ﬁf@%téﬂ&ﬁg%ﬁﬁ@% grsined rlegsical 9 HNgOf

the SOI structure. In a preferred embodiment, a feedback signal may be
stragiplied e ekRTine/ Dening QR ey é}’?d‘tﬁ]é“ﬂfé‘dﬁ B RBIYS IR Of the

clcopiarelesiianiel tagtingelemanbipradigstinadacasigpning the bﬁarasuwﬂhthe

pnmﬁlgcect to the coupAln I]eme ton the OI strucilé e‘g e| adnd output

rtlésructure 1ty0 elFC onic est o1nts % ]f'IB
S S|gnals e couplea using an arra ICal ers,

comvem@lmyfpdlman@hemminalnlngl¢mer5p@ﬁwemdhlfed1®e@Qowlmtelgpéltesting of
thJ 805568 fonmed on the fiber endface) may be used to enhance optical
coupling 20 efficiency. Input wavelength tuning may b%ﬁ?rformed to

matdh IRESRBEL SR RpE BE i iirdbaduitr P &y be sRpdurPatsgktrs SO
strsumfaé:elﬂrtddMasm@t&em@ potipdingf efficipncy] detitzingren @eramkait to adjust

the PaCkﬁl%%a'Sf om, the Ie'iﬁé? &onfrol the. uning ?%Bb [ and, further
8 Ifcations an aspecfs Ple pres n{lﬁwen 1on Wlﬁ ecome
app%tmtmgithetwﬂsé(@i thet fodiovdmaadise vosiondawrdngyanefetiesneke to

opti8 AKEOTPRAOYING JrawiRgs. BHal ResslipHen-of thaDIaWiRgs; (or integral
lenses formed on the fiber endface) may be used to enhance optical coupling
efficiency. Input wavelength tuning may be performed to match the mode angle of
the waveguide being tested on the wafer surface and thus enhance coupling
efficiency, utilizing one or more feedback signals from the wafer to control the
tuning.

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

accompanying drawings.

Brief Description of the Drawings

Referring now to the drawings,

FIG. 1 illustrates, in a side view, an exemplary opto-electronic testing element
of the present invention, in conjunction with an SOI structure to be tested, the
embodiment of FIG. 1 utilizing optical prisms to provide coupling between the testing

element and the SOI structure;
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Referring now to the drawings, 30 FIG. 1 illustrates, in a side view, an
exemplary opto-electronic testing element of the present invention, in
conjunction with an SOI structure to be tested, the embodiment of FIG. 1
utilizing optical prisms to provide coupling between the testing element
and the SOI structure; 3 FIG. 2 illustrates an alternative opto-electronic
testiftGe Riientaofstheaireseite iprenivorpnictading dieamt stedeipg/shaping
in QRIS R dhe: (SRS, RlEMEN LR, REHAIR 1A SRH OGO RRUSALIER o

signal(s) into the SOI structure; FIG. Jillustrates, in a side view, an
facgiifathige bt Sletttsn ceré stimgl eldpie e SOF iechrssent invention, this
embpﬂbmnm@%&giﬁratmak d@'iéw,lgﬁ &%ﬂ?@i%&h@-&é@fﬁﬁﬁ&%&hﬂ gS];épément
tructure to provide input output caupling; FIG. 4 is a top view of an
of B B e AP R s DR R
surffd€s.ob msw&mame@mmit@stim@@ppwmspmfgl for performing
wafgird0ylevel fosting inraccardapes Y dnsRIRR ALY AR, Detailad

Description As briefly alluded to above, one of the biggest challenges in
pregeatdeNfaidinEit of an optical testing element for SOI-based optical

strugtires igithe neeantexaiphlyy & ©ouplp aatoplicatureany SMorm MR Wafer-

t}}in Wavelguide eiantehs d in a repeatable fashion. The angle at which
lev teftl uraccor an((j‘et 1t () resethl vention. . .
e light Is required to enter the thin waveguide is known to be a strong

function of the waveguide thickness and the wavelength of the optical
DeRIgPRINGE)R.he mode angle of the light entering the SOI structure
needs to be well- controlled so as to excite a specific mode in the

wavegieie] nH44p e aPtHE RsehtFPiseetid IS IREsABiliRy fl5 vRinment
of ieopaylengiinpafl the tesbsHMAbavar eptangetsuthrdhat dearptbllecliably

cofSPling can be reliably achiey dLSrv‘vS‘Vresg%e@‘t%%'Fnb%é%- 81”1%5”}%02‘ Eble
océss Variations will alfer the thickness of the w eqguiding layer from
faswafierkhe evaferatasividliths tdthickaegsbfattetassotibtedvevagededntnown

to GOYRNRG JavREFARIY R @W@E&H%%ﬁﬁh@@éﬁeﬂ:ﬂ‘é@{ Slengthhlital
accordance with the present invention is 25 considered to be a significant

SigprbdRih FolghMr AR 98U dltdshhen BT Bs oL B EdITfds A Rts el

controlled so as to excite a specific mode in the waveguide). An aspect of the present
invention is the ability to “tune” the wavelength of the test signal over a range such
that acceptable coupling can be reliably achieved on a repeatable basis. Inasmuch as
process variations will alter the thickness of the waveguiding layer from wafer to
wafer, as well as the thickness of the associated evanescent coupling layer, the ability
to monitor and “tune” the test wavelength in accordance with the present invention is
considered to be a significant breakthrough in wafer-level testing of opto-electronic
components.

FIG. 1 is a side view of an exemplary arrangement for providing wafer-level
opto-electronic testing, using an opto-electronic testing element 10 formed in
accordance with the present invention. Testing element 10 is formed to support at
least one input optical probe 11, in this case a fiber including a lensed endface 13. It
is to be understood that an array of such lensed fibers may be used, as illustrated
particularly below in FIG. 3, to provide a plurality of different optical test signals.
Referring back to FIG. 1, input optical probe 11 is precisely aligned and fixed within

testing element 10 such that probe 11 will direct an incoming beam I toward a wafer
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FIG. 1 is a side view of an exemplary arrangement for providing

wafer-level opto-electronic testing, using an opto-electronic testing

element 10 formed in accordance with the present invention. Testing

element 10 is formed to support at 30 least one input optical probe 11, in

this case a fiber including a lensed endface 13. It is to be understood that
beialg srsay Of sahtenseahfbers mayubearsed, galistratett cpactictdarobe

below in EIG, 3, to prqvide urality of.different optical test signals. :
PO g B R R S SR TR ST AT couptine
to figbitalithin clestinglelertrstt (Ca2s o dhadspisben SOWlrditatt 3 iHdorvibg
unB&MJdtaviRda waler 4.ReiNg tested pillusiratedsas ARroR IR Ui 20t

plurality of electrical test probe points 16 is illustrated as also included on
on R in G EBAE R D, Yo BlERFTANIP ED OYIhg® T APUERY of e Q4 moving
thecoftactstifecgpetian dipads) f3dben IR siibivke 20t is SO berunde pstdod
i d0RLY Jaler dtieSt!a”%’n%%%Qusﬁ%%%% HSOLFILEIIS [ LroRed a0 ested Lng
on an indivi uéllgoass, usually performed‘ y a "step andsrepe ethod’

a refaphshnhithesvareH witkbraypett thitkactsstuprsheilRefesHr{gasdekeioIG.
(heleirfRbStEuctoig 28 isdiusitatashagdnriuding 2.5 HeesisHbstirieg2: &

silicon dioxide insulatin%layer 24 and a relatively thin (generall

rel YR A IR AR %P%ﬁfc?oﬁq(%%&é“%%?a%mﬂ%%i?fh’f‘ﬂé?’?@ferred
reftacaion &N {hyerha60). ditithe, particulaylensibodindéntidd bl Glitomrifide) is
iS00 SYBR RSRE COHOURG RS 28 (RSN, MAIR B YK #0¢
index of refraction less than that of’silicon, for example, silicon dioxide or
thes]lighvaltridednial dishseawwdrseldetsd portidhs s entisybpemAl and
oulpseepteasHishinthecouping af dhewWighiwavesighakinerangopusef SOI

layer 26. An input optical prism 30 and. output optical prism 32 are
e AR AT L GUaP SENRLLE BT OHES bl TE BARBERb g and
SOdouplingel2¥er 28 and used to couple light between testing element 10 and

SOl {lrpeiuee 7% é&@oﬁiﬁf&?{ &4 &@B&‘QHHPHETV%H%%M%SEHMXS%QPS the

prism couplers comprise silicon structures (formed on a separate silicon
compRstr AR SEXSTR faHBedHE FePH A fertigoR S Ed to IS &t A d
the2Opandaasad ya provide: o BiTRt €atpin e QH@s well asiuthe bigsting)ipling

the ff'nalfde ice structure, It if‘ an spect of this erinbodiment of t ¥
(as wel ast urt e{.test%n 1 the fina ?ﬁVlCC structure t1s ?n angCt { ISt
present invention tomake use of this permanent coupling structure to

emgist ihentsé thappacn bintha optitalnpriobesforitte saptoreleotropip testivig: cture
to QL%@@ Bled as part of the optical probe for the opto-electronic testing element.
Alternatively, one or more prism structures may be formed as an integral component
on opto-electronic testing element 10.

Wafer-level testing is then performed, in accordance with the present
invention, by bringing opto-electronic testing element 10 into contact with a selected
area on the wafer (i.e., a “selected” SOI structure 20 as shown in FIG. 1). An optical
test beam is launched into a waveguide within SOI structure 20 at a predetermined
angle. By monitoring the optical power of the signal coupled into the SOI waveguide,
the wavelength of the input test signal may be tuned (for example, to compensate for
variations in waveguide thickness and/or testing element fabrication variations) to
optimize the coupling of the optical test signal into the SOI waveguide. Once a
satisfactory input test signal power is achieved, a series of optical and electrical tests

are performed, with the results being fed back to analysis equipment. Using the
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Alternatively, one or more prism structures may be formed as an integral
component on opto-electronic testing element 10. 25 Wafer-level testing
is then performed, in accordance with the present invention, by bringing
opto-electronic testing element 10 into contact with a selected area on the
wafer (i.e., a "selected" SOI structure 20 as shown in FIG. 1). An optical
cotesith@ahtsspandchectintechwmisregbedeadietiims@d stihoitse @ Goataing
elefi}{@rﬁ?f@ unines Agie By MOSHPLNG NG APUGaldoweL o108 380 ucture

‘coupled into the SOI waveguide, 30 the wavelength of the input test signal
failp Q) eoer MIAELERST @RAk IR EBIPHIE AY A AN P VAR T8 IrVAY SRy e
mzmd'@ha@s‘-’o?J‘d(%rteﬁﬁiilﬂgle!Qm%tld‘ﬁlmgﬁr%tdﬂsﬁmﬁi@ﬂ%@é% gm&xﬂz&m@d

. coupling of the optical test signal intp.the SQI waveguide. Once.a
SRS ST DD P A U LS E R Bt anc
Adelﬁet;mkial,testzfy\aaeepmtmfnhd,mﬂch,thefhﬁagIthmi!ugdadtbaf:kmam@yi@isal
i SUHIPERLRL, e ngh ther caRUeBl el SieR-and repegt, maehansn, the

_wafer is moved with respect to testing element 10 such that each
siggbbeata @l agueiuRe ISEingieldmey coihaPsesnsiaRfientaid ¢l oyafer-
leviI¥R d5ts] (Qptical andisstelerirical)cthat padinnediheswfesmayhbeame
) {narkfd ast"tad" fortlexa ple, Lﬁ?iqgﬁ m genetic ink to mgg thtef\l th )
R A e S R S R T ah e R e\
levef mepag atecdies. Additionally, a software map of the wafer, defining the

test fgeulss; pf &AEL IndiMidHal; dis. FanRR.created e maintainedsial:

future reference. As mentioned above, a significant advantage of the
eleﬂé‘%ﬂhéoeI’é’rﬁ'é‘ﬁtcﬁf‘THécﬁfégéaﬁtqﬁ\Péﬁﬂbﬁ?%rtH&‘fSQHRA}é%‘élPt}é%é‘F’&éﬁHE&I,
cleapiicabamnd opiptalectitonimiesiptlalia &R iite diiy dusin kb ecsange: kthent.
testin 1eolgm i thtgfs grrieaylsyﬁreducingéhe ime and eggepcsedagﬁociated
t

The C{ﬁse Water-fave estifig procéss’ e i AR IR

beampoifmentof wimeptt-eledivonicttestiaglaienictt 40 §Olgwasee 20,

utilDEY RIS BEENICE IRASHERING QRIRSTIRIAIERING(Slememt kO and
coupling free space optical signals into and out of the testing element. 15

iR SIBPBE BEART SR NG/ PG B lIEWS forddyRaHiigptical test
sigagljpsipagnts thrdoghmseecticipdacusiog  neitabeiy aeer testvtgoalantent 10

co a%‘%dsn?t'o LR &:%9% #‘élﬁiczsi % %%C(g%ié’t‘?rg QRlical PRVER MEsRiIements on

structure to perform the adjustments. In one arrangement of the
polagiEsimeansi IR, Bberthmay detisadttasput-couple the exiting test response
signal. An analysis of the properties of the output signal from polarization
maintaining fiber 42 may be used, in accordance with the present invention, to adjust
the characteristics of the various mirrors, lenses, etc. within beam steering/shaping
optics 12 and/or 14 in order to provide an acceptable degree of coupling of the optical
test signal. The inclusion of beam steering/shaping optics allows for the input/output
test fibers to be positioned in a preferred direction (i.e., the fibers may be disposed in
the same plane as testing element 10 and provide a “horizontal launch” arrangement,
or alternatively, the fibers may be disposed perpendicular to the plane of testing
element 10 and providing a “vertical launch” arrangement).

As an alternative to polarization maintaining fibers, various other types of
fibers (or waveguides in general) may be used. For example, standard single mode
fiber, multimode fiber, lensed fibers, etc. may all be used. Individual detectors (on-

chip or off-chip), as well as detector arrays, may be used in place of the output fiber.
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signal propagates through a section of polarization maintaining fiber 40,
which is then 20 coupled into beam steering optics 12 on testing element
10. A similar section of polarization maintaining fiber 42 may be used to
out-couple the exiting test response signal. An analysis of the properties
of the output signal from polarization maintaining fiber 42 may be used, in
Bearcordengelwriibnth @ Hresddrt nnyeftitiar iochdjestetmmcharhciefsticszaidhe

beéérﬁ%?ﬂﬁéﬁlg&[ IR ﬁ&?eswlﬂé'ﬂﬁﬁ%qbéﬁ%{é'g %%'848'&%\%5&&& Sﬁz’a%on

or 14 in order to provide an acceptable degree of coupling of the

cogpticandieaipsighar itefa aterlgior ot lsesat staapritsRkapidepted Wipwyide
thef@ézﬂ}@ﬁii@]?gﬁ/ﬁumﬂtcgﬂﬁbﬁbW&Hgé@ﬁeﬁQﬁitﬂﬁ’@ﬁgkfﬂsau@&@ﬁ%éﬁdxdi*}%ﬁﬁion .
e., the fibers osed in the pan as testl element 1
o B B GNP B A AN A e R SRS )
manby pedispbdsbd peypendibilantd the ppland: obtesiing aﬁhglemefﬁcfléhay]d
an@/&\@gmggﬁat%ﬁf}*&%hlﬁgg@% W&@&gﬁg?ﬁwzxﬁérﬁ‘m@g NAGVE;IQ cavity

polarization maintaining fibers, various other t flbers or

S“Rﬁﬁé\‘ie‘ijﬁiﬁé@ iR A¥ by e s erbrex éargﬁéﬁa%@.ﬁ@q@?ﬁ%@
andiBRbréiditiiaeda fibar Jansechikpis: i€ sdvayaikesad ilneivicial

detegtors (on Chlp or off -chip), as well as detecto s,.may be used in
placgig{ the ou eEﬁv&éafr"ra:%s eerng e eerlﬁe%t{ﬁéféhdl ?maays?urther
illinchide el@msnnf sudffa@mwnpatmmab@am@pmt@smﬁm lealfbwenput of

opRIARE NG NRUMB G RIBERS 6369 JQuPEONIFS RRIBUZAION ORI AN the

rotation. Alternatively, off-element components may be used to provide
apRHed il e g akion EstraL Wi respec g salgreksircaliigyprobe

ponﬂglcpﬂs Yliap@pgamepts inayide vsedtiroerRxample, aalcltm@éakaltawro(ﬁ)r
of t

nable lasers) /may. be u with the wavelen th
elecrgwéetecsxp mb})ze co{uz)ll?r% ée(lf?f)c?csa%sdfﬁ Oaﬁd%ropéjs%lsrl\%gatl ﬂper rlm%i T
10wavedeniedhitiahendatideRs aof veéMictiucavity? Sufaceraniiftisgar&pinput test

fibeY Gk Wéﬁ}ﬁmﬁ% tised. z@}h%ﬁﬁ%ﬁ@@mﬁmﬁléﬁe@@%?lﬁ Al in
considered to fall within the spirit and scope of the present invention. 10

thepqesnis WM H 181 AR O tRE &P e Rert 6 1S 1Be ffe clent is
geillisbiatiphy iheo usatadtan kel enentydl afizathds mam%r@hﬁ{ﬂmeasﬁ 66 pbine

(telsrt]p 0119f P(Pg% ﬁlleCtrogé(}%ﬁzsﬂgtgtele nt 190%9219%1 g Itgjond s 34 in

arization state applle optlc test5|gna

the\ﬁréﬁvggrasﬂm &R t@léeﬁmhltt@splﬁmﬁél P ies o theppaiss a%mg)asm@s
of fidepbtesisielament i AAd & ecARdf&%QEal input test signals to SOI

structure 20, with the remaining test probe points 16 used to couple output electrical
test signals. An exemplary arrangement of optical structures and ‘“monolithic
electronics” are illustrated in FIG. 3 as contained within SOI structure 20, and thus
simultaneously tested by virtue of using opto-electronic testing element 10 as formed
in accordance with the present invention.

On-chip optical/electrical (O/E) detectors 62 (preferably integrated in SOI
structure 20) or hybrid opto-electronic elements can be used to monitor optical probe
signals and generated feedback signals to beam steering/shaping optics 12 and/or
optical sources so as to “tune” the test wavelengths, improve coupling, re-position one
or more of the beam steering elements, etc. The electrical output signals from
selected ones of O/E detectors 62 may also be directed to one or more electrical

bondpads 34 and provided as electrical output test signals to selected ones of test
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15 electrical test probe points 16-2 disposed along an opposing side of
testing element 10, associated with bondpads 34 of SOI structure 20. An
array of separate input test fibers 40 (as well as output fibers 42) is also
shown in this view. As is well-known in the semiconductor art, when
performing wafer-level testing, the testing element is gently brought into
probatadhwith. thei waferssucbithiat gods ot i rdltybpMiesicpdints @0t (e st
~oRGIRR AR LIS REORIENHR BrALINE ATRLAIRG RNt pAds (Rand Rads

41n these figures) s6 as not to disturb the physical properties of
Oumfétmb@mmg bpesnyppsed. p%t?eabﬂtmﬂeoar@%t@@a Wtpsdviae electrlcal
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b grobe oints 16 ?ététo cou output electrical test signals. An
abIgReR 8?’y Srsrléﬁg% Ctkdfl égtlstructures and "monolithic 25

electtsasmrcsttlaredllaMNateﬁdsm PI@pQBcak gotitaineth with s SO strorcitlre Apling
in Bﬁg Rps Spnviiansously Pred Ryudring ofh wsing AR SIBCH ARG A6 5 HNg

element 10 as formed in accordance with the present invention. On-chip
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O/E detectors 62 may also be directed to one or more electrical
N%éﬂé?ﬁéd%“ﬁzlcéﬁé b?Bde@tﬁ%@Fé‘ct?fH&PSE&ﬁGt‘t@éﬁgfi%& t&ndefdeiagut
grRssofiastbe ﬂtﬁbﬁpﬁbﬁt&a@n BdH ayaspeahoy teefprasentithventoribabf
er?l}/e\Sl(i:réuIJlle of ¢ ﬂlvelrtlneq ) p(t)l}:g‘t omggnevrét test si n%%lnto an € electrical
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such feedback in real time. As mentioned above, a set of optlcal ratlngs
With eSS RS PHRAAGE QB8 SRhGPTT ?J%fété’%‘lctt?étﬁt%ﬂ%t?ﬂb doprPlafed
ovdﬂt&tyaetﬁﬁrapmxemphafmembﬁ)mmemmfrtzlnei peefoent tAventiomsiviempacal

tesglflr S%roz;}tll}r)lgf 52 is us place o E;rhsm cou nIe I%;r30 3210
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de optica cou |ng In %ﬁg) o&ment as shown in 4 input 1lb

reqFERdrigrEey i 9 pnediouttia @wmp&tad@umgerbm@ thofSBREIadbeEt00.
acc-BHf%)l@stPli Wical coupling). Moreover, wafer-level testing is easily accomplished in

accordance with the present invention without the need to access the “edge” of the
wafer (or each separate die) to perform optical testing by virtue of directly coupling
an optical test signal into the surface SOI layer of the opto-electronic circuit. In
summary, the opto-electronic testing can be performed with the inventive testing
element at the wafer level, in a manner similar to the traditional wafer-level electronic
integrated circuit testing.

In order to provide a full battery of optical tests, it is necessary that the wafer
under test be able to be moved and/or rotated with respect to the testing element, with
some of the movement used in this case to test alignment conditions on the SOI wafer
itself. FIG. 5 illustrates an exemplary SOI wafer 200 (comprising a plurality of
separate SOI structures 20 as discussed above) that is mounted on a multi-axis stage

100, where stage 100 allows for translational x-y movement of wafer 200 with respect
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to use such a grating structure to provide efficient coupling into a
sub-micron layer such as SOl layer 26 is discussed in detail in applicants'
co-pending application Serial No. 10/935,146, cited above and herein
incorporated by reference. Indeed, input grating 50 may be directly
formed in SOI layer 26, may be formed within a portion of 15 evanescent
coupling layer 28, or within an overlying polysilicon layer in embodiments
to ﬂ?é?&ﬁ?ﬁ?%“ﬁ%??—‘?éaed‘é’&e%d\%dﬁi&é%ﬁ&éﬁﬁ?&oﬂf"g@r‘f&’éﬂ’,@fﬁé‘i’)s'éeb‘f’een
wateuplhghdaeaining peEsMS,afs ghdiingsdibyateoitdancan With . the pliesenitional
mdYGRHEn Allows Jor opto-elecgnie t&ﬁ“ﬂ‘l%f{&e.”t 19 Jp.ag placed. Qver .nt
any approBrlate Jocation df an SOFwater an per?c?rm hon-invasive" ©
to eprtieel] 20 2stilig Ris-comprid vihtitereéstenpll) wichprgiregrtto SOI wafer
20donarnessesaieransrRnvhiclt waeited (emavaafiaettion okaskrdding
layer and perhaps the waveguide layer to accomplish optical coupling).
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test alignment conditions on the SOI wafer itself. FIG. 5 illustrates an
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~during the initial set-Up of the testing arrangement to correct for angular
sighis- AndhARERtIGNELEaHEI SR Rishe PRSIt Fesprétte aeded sreH Do O The
eledgidnicdowing Mevemantefivaiesd00vith tospeet tadestingalement idis

opl 50 Sllow [y the, g planment oL R tepdpg, iemeR T vargus SO
diagnostic/test memory units within computer controller 124. Based on the actual test
results and associated “acceptable” values stored in computer controller 124, each
SOI structure can be evaluated using specific test algorithms, with structures that fail
certain tests being marked as “unacceptable”. For example, the surface of an
unacceptable component may be marked with a visual indicator, such as a magnetic
ink, on the circuit itself such that when the wafer is diced into individual components
the “failed” circuits can be discarded.

The nature of the individual tests, inputs signals, desired response signal
values, etc. are not considered to be germane to the subject matter of the present
invention, which is instead directed to the formation and use of a single opto-

electronic testing element to perform essentially all wafer-level testing of an opto-

electronic wafer. Further, the specific embodiments of the present invention as



20 during the step-and-repeat process. That is, stage 100 is lowered so as
to clear the probes, translated to the next die location and then raised so
as to again make contact with testing element 10. The entire testing
procedure can be automated by the 10 inclusion of a vision system and
known image processing algorithms. Also illustrated in FIG. 5 is a
complete test arrangement 120, including a bus interface 122 for
connecting a computer controller 124 to an imaging system 126 and .
deatPShEMbAtIBT 193 1SEY {8 PEHBIHASPS the VAITGUE sesttea bttt the
foraneingldetnit ahajetsnonl S| thtrsctirbsdwithire SOWiviader 2G0riigdoougied

scde Rt 22 5. 5h ho RGNS INRAAGE; dd alah p pptical interface 132,

or providing the electrical and optical input test signals to, as well as
response signals from, testing element 10. As shown, various input control
signals (including the position of testing element 10, beam steering
elements and optical test wavelength(s)) and input test signals (both
optical and electrical) pass along bus 122 and are applied to either opto
20 electronic testing element 10 or multi-axis stage 100. The returning test
signals (both optical and electrical) are also transmitted along bus 122
and stored in appropriate diagnostic/test memory units within computer
controller 124. Based on the actual test results and associated
"acceptable” values stored in computer controller 124, each SOl structure
can be evaluated using specific test algorithms, with structures that fail 25
certain tests being marked as "unacceptable". For example, the surface of
an unacceptable component may be marked with a visual indicator, such
as a magnetic ink, on the circuit itself such that when the wafer is diced
into individual components the "failed” circuits can be discarded. The
nature of the individual tests, inputs signals, desired response signal 30
values, etc. are not considered to be germane to the subject matter of the
present invention, which is instead directed to the formation and use of a
single opto- electronic testing element to perform essentially all
wafer-level testing of an opto- electronic wafer. Further, the specific
embodiments of the present invention as 9 described above are
considered to be illustrative only. Numerous modifications in the form and
detail may be made by those skilled in the art without departing from the
scope of the invention as defined by claims provided hereinbelow.
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10 What is claimed is: 1. A wafer-level testing arrangement for use with an
integrated opto- electronic silicon-on-insulator (SOI)-based structure
formed on a silicon wafer, the arrangement comprising 5 an
opto-electronic testing element for removably contacting a top major
surface of the silicon wafer, the opto-electronic testing element including
at least one optical input fiber for directing at least one optical test signal
toward the SOI-based structure; and a plurality of electrical test pins,
disposed in a pattern matching a 10 plurality of bond pads on the surface
Wieit thelojptedabectronic SOI-based structure being tested, the plurality of
eleciyical {estPiNS {P1ENGOIIAGI0G PRSEIREORIC A Plibasech Scture

being tested and providing electrical test signals to and electrical response
clesiprils FéANIe8 -t dns OISO BasedstHOE b Belrid igsteriandhe
arr@plicadceuplipgifgatures disposed between the opto-electronic testing

element 15 gnd the surface of a specific 0 to-eL ctronic SOl-based .

struét‘bf’é’boéueﬁact%%?éa ‘r%%“%%ﬁé‘ﬁ‘ﬁ‘g“c% ﬁééFF&%tV Soh &G hesisecidler
surfgptoeé be trdinim S@kh dsechstrelcturaibemig destednwhdndinghe at least

one Opt'Ca'aﬂQH&tf&%rdﬁtQhﬁﬁﬁﬁﬁﬁdfi%U%g hREQR I IEICCHRNGRRIRG: signal

element at a predetermined angle so as to provide for a desired degree of
tovsptichs SR itEECtHE G¥cal coupling features. 20 2. The wafer-level

testing arrangemeant asdlefined asclging, buhaeintheatdaastiaona optical

[ fiber comprises an array of gptical fipers, each fiher capable of, .
AR SR Bt el R Wl g e
testutathgehmahtyad definedlirest|pims rehemimthdaeitasicctieioptiddiasedut
strﬂ&ﬁf&@éﬁ@f t%?é@aﬁaq%&m _E!%@ﬁ'i@ﬂt{g@ Jiblis4o The éi‘é%(ﬁ%‘é?}’&b@ﬁgng

_arrangement as defined in claim 1 wherein the arrangement further
SigagiisPRdRePe fIFiHG M bhe e SEjeitnBetR® e -iIgth of at least one

inpubpytitald@singighdhrdsldisposed between the opto-electronic testing element

Input
P

and the surface of a specific opto-electronic SOI-based structure being tested for
coupling optical test signals into the specific opto-electronic SOI-based structure
being tested, wherein the at least one optical input fiber is disposed through the opto-
electronic testing element at a predetermined angle so as to provide for a desired degree of

optical coupling into the optical coupling features.

2. The wafer-level testing arrangement as defined in claim 1 wherein the at least
one optical input fiber comprises an array of optical fibers, each fiber capable of

supplying a different optical test signal.

3. The wafer-level testing arrangement as defined in claim 1 wherein the at least

one optical input fiber comprises at least one lensed optical fiber.

4. The wafer-level testing arrangement as defined in claim 1 wherein the
arrangement further comprises
a tuning element for adjusting the wavelength of at least one input optical test

signal.

11
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5. The wafer-level testing arrangement as defined in claim 1 wherein the
opto- electronic testing element further comprises beam steering/shaping
optics for providing optical direction/focusing between the at least one
optical input fiber and the top major surface of the opto-electronic 5
structure being tested. 6. The wafer-level testing arrangement as defined
in claim 5 wherein the opto- electronic testing element beam
steerin%/shaping optics includes electronically-controllable movable

mirrGts] 10 WA R WA el tELss Y S AN gt Dscufhe i tidlHhs opto-
elethenieitestive optoerel8othoniotgsiiag element beam steering/shaping optics

inch&%ﬁﬁ@&lﬁrgm N elafellsle {ﬁ'mﬁm halfways, Aaig i oseNide,

polarization control t0 an input optical test signal. 15 8. The wafef-level
thaakipigt aanpémbRPasitefided feedramaawReTens Hdhanringdereiic
strivithessampises a feedback component disposed between the SOI

structure and the beam steering/shaping optics to adjust the positioning

of the at least one optical input fiber with 20 respect to the surface of the

silicén Wadera@rTtewefenteveliestingt ary dngeedentcis mefimber émalairoplo-

cleWREEERING AGANISRENLIHRSUEOMPUSES %@@&Q%fé&?&ﬁbgﬁ?-%‘z[}éqonable

disposed between the SOI structure and the at least one optica input
moyBRie ByTERfust the wavelength of the optical test input signals to provide
improved coupling efficiency. 10. The wafer-level testing arrangement as

definedin claim J wherein the at least toé‘sedgﬁﬂgé"i}{?ﬁt‘dfn‘?‘%er1?82‘}8& S opio-
waveguiding structure se1e%ted ﬁ%m ?ﬁle group consisting 38 Ofr.
elegtiamzativm grdimainihepfibecesinglehmpodecppticahdibdes lenskdization

conPRiZAURIRINRI RING wSNOIR QG IR A e naesh YPAiS M de fiber-
12 11. The wafer-level testing arrangement as defined in claim 1 wherein

opiisel &titigratoupling features include an evanescent coupling layer
disposed over selected areas of

8. The wafer-level testing arrangement as defined in claim 5 wherein the
arrangement further comprises

a feedback component disposed between the SOI structure and the beam
steering/shaping optics to adjust the positioning of the at least one optical input fiber with

respect to the surface of the silicon wafer.

9. The wafer-level testing arrangement as defined in claim 1 wherein the
arrangement further comprises

a feedback component disposed between the SOI structure and the at least one optical
input fiber. to adjust the wavelength of the optical test input signals to provide improved

coupling efficiency.

10. The wafer-level testing arrangement as defined in claim 1 wherein the at least
one optical input fiber comprises a waveguiding structure selected from the group consisting
of: polarization maintaining fiber, single mode optical fiber, lensed polarization maintaining

single mode fiber and lensed single mode fiber.

12
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the top major surface of the SOI structure, the evanescent coupling layer
exhibiting an index of refraction less than that of silicon. 5 12. The
wafer-level testing arrangement as defined in claim 1 wherein the optical
coupling features comprise at least one optical coupling prism disposed at
a predetermined input optical coupling location so as to provide
evanescent coupling into the SOI structure. 10 13. The wafer-level testing
arrarj)?ement as defined in claim 1 wherein the optical coupling features .

comphsé 5t YEASE HE! s Prave 1o dSHIFE S ON R ctliFeckt e optical

coyptdetiermirnedniciput optivahcauplingupicativryci 8igsthe watetegvelarcas of
thet?(‘?[;!H’gj%gﬁnga%glgﬂth%%6?12[}ﬁ_gtﬁ?eqﬂm\;al\%pgerlﬁlgomig E%y&'_@;?ﬁﬁgﬂfﬁ an

~ testing element further comprises at least one optical output signal pa
indgyy of sl dtrelar JgHe Gptiieinest response signal. 15. The wafer-level

testing arrangement as defined in claim 14 wherein the optical 20

coupling features further comprise at least qne optical coupl ris .

oL 4R A DR PSP Rl CL L e 6L R g opial
cowpéifertteuettesiinygisrratgementptscdefinelng rrismi bhosdidereiptide gpticadd
ingFRANGTERINIES THILRRL COTRTISINARLIBash ARG ARISRL AR AITRRSt I

e

structure at a predetermined output optical coupling location.
strycpurehe wafer-level testing arrangement as defined in claim 14 wherein
the at least one optical output signal path is selected from the group

consjsting of: polarization. maintaining fiber, single mode optical fiper, .
onod A s e e b 1o CRhE R O optical
cofiperg hvaltinne denfipyereantdeleh sod ppukihgdée fibérrmtd in the SOI structure at a

predetermined input optical coupling location.

14. The wafer-level testing arrangement as defined in claim 1 wherein the opto-
electronic testing element further comprises at least one optical output signal path for

receiving at least one optical test response signal.

15. The wafer-level testing arrangement as defined in claim 14 wherein the optical
coupling features further comprise at least one optical coupling prism disposed at a

predetermined output optical coupling location.

16. The wafer-level testing arrangement as defined in claim 14 wherein the optical
coupling features further comprising at least one optical grating formed in the SOI

structure at a predetermined output optical coupling location.

17. The wafer-level testing arrangement as defined in claim 14 wherein the at least
one optical output signal path is selected from the group consisting of: polarization
maintaining fiber, single mode optical fiber, lensed polarization maintaining single

mode fiber, lensed signal mode fiber, multimode fiber and lensed multimode fiber.
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