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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

30  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

35  ofthe chip (or die) to couple into the waveguide structure. US Patent 6,859,587
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Wit @liSes 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.

PET/R3L®RN07473
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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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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

in conjunction with an SO struct uPeTUS2(06/007473
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accordance with the present invention. Testing el ement

10 is fornmed to support at |east one input optical
wonreis®sdBe in this case a fiber including a | eR6EMIS2005/007473
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Selittptedt QN ARGk FdOR 8 S@)ﬁtrb@tuﬂé&@d A lﬂﬁrallfy' dfslebiceltest probe
artlcularly below in FI G provide a plurali

Eﬁlmﬂ 19 pdllustatedpt aleodnclpded Orsqezmgw?m%%%rf?r A Ak C?ltplmg

?lura-hty bf‘@é&rl&ﬂ)tzdrﬁ@ks ®L %néphdé)%4%%1%ﬁ'{xé‘rm%l 209 '1@' dto be
fixed wthin testing el enment 10 such that ‘Ero e

lamiwstqod thet o { waleritertingd 996h srpaida SQIGHpYreds wrobed pd tegjed
5r{3 i rlg vidhdl lb?’ﬁg 'h@ﬁaﬁ??) ﬂt{bé@? ‘§tte Yfd fé‘b@at’zglet}f%d of moving

el ect pro e p0|nts IS
hhf: et rwat es3pens toethe test m‘@btu diaderoing baakitp Gl §ﬁ9é giructgre 20 is

| I
T
i glatigelp driw(edesraiiyomt-nibem thioknesw}alﬂoeu silicep sinfage layarPo

@g%ﬁl%ﬁ%ﬁeaﬁ% dt%t ugbfjlr 1JZ%” € pr?e%gpq%atr%ﬁﬁ)safngﬂt (?ﬂgG I,a

AdI Vi asi’e, usu
nee:pedy 'thmrestalmdermﬁ:owphng rhzgret M(Gmmbesmg\a trfatarlakweh fin froex hé

L n ack to FIG 1, r uct.
tefRorcR et Fiap Bat SLTRE, GRS, sliEon dipcBioe SHEHEAHLS £°
&Bﬂdsmeﬂsewéted oitiossibESONigydr g @and dekd amassiat inethatcbuphhg of

R B SR e RS RGBS AL s

b lopiZdl brlsni 312 drbdispasetiiac sHodh i8 FOEI mn Eel@iedﬁioﬁlonl ofa

relatively evanescent c aye

pYeBeRprIt gwgn% laeg 2830 s tprsouple |1 R fesragipme 10 and
t@psrutfianot hat of silicon, for exanpl e, silicon

di oxi de or silicon nltrlde) i s di sposed over selected
por t i 18 ggreferredembpdiment ofthe prgsqps Biyertipng g peismicAURIFE

SRMRsE Bl sth&ireb (ﬂﬂﬁé@&?a Seh ARl silidah QuiRhate Ot eRfmppHand
| ayer 26. An input tical prism 30 and out put opti cal

e permaendly attagheios¥d strycrecifrang psed teprovidsaptical eperlingd
QWeP qpﬁmﬁ% EYREAR GRYindf QAR s@ﬁcdu?a/ af is 28 aaseet M&ﬁ@ to
oupl e 1 ght ween testing elenment 10 and

enbagiment ef thoprepant mvptiscinetp nr@ge emdhlﬁ’eﬁmamnttch@lmgégémre

{orliYs%rEta 'uQte 'as %F}? opt'iﬂe 5@‘0%? B}%Ibg fot tl?eocsy% Fl%gtroctﬁé fe element.

structures separate sil1con substTat e,
Abernativalypbre)or amne pt’rrsenstpmtmmm be/foanedastradnte graB@mponent

o }fl%gtefé'ctfomc &fﬁgeeé}% ) pr ovide optical coupling (as

I'ng) in the final device
st r chw‘r‘eelevd:lttestmg arthaspeformed, i hncerdanctmmthrén oregéntt he
i.nvention

RaiRRy SRk PO Ry ST T AL Bk VoSBT AR setecod
fpd biE thk wafed ie. faO‘Seltdﬁal”osIDIcstrabte:etm IshoWIEBltHIGg lel Aanepttcal
Alternatlveh ne_ or truc
e R e kel i et B RO o LR B o gined
hripsd. |B3§kn@i1@ﬁﬁ@fhe b@tlca‘y\ﬁfaﬁérdfeh!ee&gﬂalésduﬂég mts th$@I waveguide,
Rlerf or oL Ln accor dance wi th the prese

¢ 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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I nvention, by bringing opto-electronic testing el ement
10 into contact with a selected area on the wafer

WOIi2065/086m6 " sel ect ed” SO structure 20 as shownPCm/USk@@s/007473
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el ement 10. A simlar se iﬁ¥ °|ar'§3t'°ﬂ,
BESHRPIAT t?%la%?lewzmr}ﬁyn i Perigens Egggement,

SP4lltbinRGvelse He ARFNIPARBIR ddpadRal per{@ﬂd@ﬁﬁ& sthé pRhe biesting
properties of the output si from pol ari zati on
element 10 and providing a Vertlcal 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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mai ntai ning fiber 42 may be used, in accordance wth
the present invention, to adjust the characteristics

woRodshse?8ari ous mrrors, |lenses, etc. wthin beamus2005/007473

steering/shaping optics 12 and/or 14 in order to

E’Jaﬁ%ltéiﬁn?@leﬁ@&? Pl &kl @1 S8 iR@ePihctfdBbmBets Sichta Bolarization
optical fTest signal. The inclusion of beam

t@@l@éphtﬁg? @ﬂé@glfﬂ@va pletessths hrigReve Blates Heed; ta pravidsurofgization
ct(o‘ﬁf%l ahit Rﬁﬁtﬁnt %h@ﬁm@% tdf@ﬂ%eﬁt%oﬁp@ﬁ&ﬁﬁﬁﬁm el ﬁﬁgrbﬁﬂe

bers may be disposed in the 'sane pl ane as
tb@é«tsnrp@pcémmn conyola W ith respead o e ligkfrsouxsa itagll, varigish "

G bterse lFIo Eﬁzﬂjﬁﬁw %L}ﬂnabtlé"ﬁsefr (?‘%ﬁt%g 'g?bﬁnglﬂ lasers)

oseda perpen e p ane t1ng e enment
m@/ lamdecb MethitieH \n@/e&ngthe?tmnedéto pravide bptinaizeenyeegmetficiepey

a%ﬁ/o? etst? %@E@r’e%tn{ %/sf%& %ﬁ*é%gth%n %ﬁﬂ{l%l ' rtfc'ap@deﬁy

vari ous waveqg §i
sgdac&r alhl)tmgﬁtﬁua(él(lﬁébj arrBpmag bammde Otlestr arrdmemests ragﬂ wossible

aﬁ@laﬁ Blfgel cgg [ %ere':q’l ?l\wgﬁnﬁ thg sgéu‘lt O r S ed oo:ci]'l(‘_c: beeprgs’ent Bgéntlggy
of f - diiiz B conaasns\aetbp view afehecatanpement ayEBIG. mayl tbrs caged in

b ST S LR EAk o

pd-alettiatd t@dﬁin@ elefiiest{1l0l sot B 16 c@mad] thalpblavieatinplaad(9of tiehe

hal.f - wav ate d.to pvi, de, po arization.c

stlied ok Oh Seeb ridery i i St BBl el obe
peEMts D& 1 Ul eaﬂ @1oﬁ>g st eidt Betediaf di@flerd b afd Z aetcb@mset of
contr ol res ect to the light source itse

q}%cﬂm@h@staarqu@ Sdigggsedal oagélaopn@amgéséﬁﬁﬁreétmgaelemem

foy H@Q&lﬁed @'ﬁﬁ Bor(d@ﬁds@'zl rcﬁyS(Hfstrhé’tﬁl%Q'Oe A2 Rk SF sdpavatdBput test
used, with the wavel en “"tuned" to provide opt| m zed

st (gvell &5 iRk Ehera ﬁg) ig12lsp SBQYh this Vs £t 8 Meelldsrema i
MRVELENALASE arPWhEX %ﬁlfdﬂﬁ%ﬁ wafBr- Mot Eiak, (hadldng elerr(lﬁntt] is

surface-emtting L) array may be used
gentln higeghs ite C@m@t pik élilebWéfeamh hat e%dse)f dsrdyrably of tQpromtS

{t g mmnr}@gga@ﬂ@ 611& B REQRS Ak boR pgﬁﬁgﬁﬂcﬁ pads 34 in

ntion nalnsatopwewo
thesediggeneatas ot teHisturtthei physivdl prapagies pf the swafest Vayousmames

&t ﬁlfobgﬁmg‘{s 16 ?Jem% ﬁgJ ?\{ &géééﬂ&l ﬁﬂ)ﬂ{ {egltl egﬁt'gﬁ%??l 60

at t oni ¢ testiIng
ssictuee Zﬂowtth tle rel’nanpg ket proke pointsslibatsed @)cogple ph‘@u‘aqjgﬁtm@@

tF tl Cgll l’el %%er@lg’g ra(ngglmepest?o%ﬂgal s{lluétgtlesc’ a}ﬂie ﬁ(ﬁnﬁic
decsmsethrailms@tal ihiFiG1t 3 83 dmtanriedtvaﬂnm EQI sm&mw 20,50d dmd
d t of el I i nt <2
SR R o Rl e B G PR e R o
ﬁ?asmdlaateednmﬂeiprdaandp@ﬁﬁoﬁ4 of SO structure 20. An
i, t fib | |
oot RS aRERase EP o ek Pl FulfFie Ao

muurémywﬂhybﬁdfob@ essemoﬁwmaﬁén@srcaarbta usetie mopebi etighlngobe
waf -l evel tes

t sting el J nt is.gently
) S oA s B A RS SRERE R BrRd b
&ﬂ'ﬂféal&'o%é’sl solaY tPfturlee He QI WHvBlengths, 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

7
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(test points 16 in this exanple) just touch the
associ at ed bond pads (bond pads 34 in these figures)

weao@Edsemss to di sturb the physical properties 8ETHIS2005/007473
waf er. Various ones of test probe points 16 are

p%ae lob# @ 6l @ RraQUSiRt @f’tﬁ‘@é} rebeninvediR tthd 85 Virfle @R 8brivelt
structure 20, Wlt e remai ning test ‘grobe oin
S

“wlqals@mooeré tast dernlt ipteranesilestrical r@mesqnéagton g Aeddsfor %ﬁwal
o‘flﬁggpﬁjf)@\{sﬁ? %H?c@a "ﬂIe BRIt ﬁ)ac!onﬁ)tlrfe%'ﬂlr'{iﬁﬁalad?lq electrlcal

ectronlcs are Illustrated in
e dnaponets on ahmglese}tmgtekewnus eoE@leregid greatly facﬂltate the

BB PRGN (Bl B hel ue of using

c testing enent 10 as forned in
acc oﬁdméonmdtd’movd';a sptrcé‘S)QMal gratisgstrhaynbe wBad trprpvide coupling

b P S S O (G 56 LSy BRSAR o e
m@ém-lm}eaﬁctrrwhéxe aqlairrof ptasingsefit) dod SR $ebed o prace df@rism couplers

t db I
Do E B RN 18t PRl  BRER B p T e
HAEGOss HEmabwithin dnumert céupiing egtonwd SOl emgitins 20 Fhe ahitity
couplin 05|t i on on, the be msteelrln

(0] nor e
(8 PR Lerafine SRzt & iy e Bl S ind Py o b Rl e
s%@ﬂ B8FMEAayRN26 idisdubded dedad! iﬂh@plﬁf&nﬁayo pdrlthgapplidation Sedhl

| ect | .bond d
N BB 4 CER e pubberan GO RS OFBErEa’ bHEet st
ek BO RS B AiRESy Pmed fn IGI 18R 26 ﬂ%/tbe%nﬁéﬁﬂﬁﬁﬁ@ﬁﬂlon of

I nvention that by virtue of converti ngi tical
anpesnberurling by eisi& anyvihin ap gvelying Rodtstljcen fayer in

eﬁm?o%ﬁf?nce‘ﬁ&ttl?ét 'e%blt%hﬁoﬂﬂgéheﬁﬂﬁva%%ﬁidg ru@itbput probes nay
b e elimnated ity to conbine both optical

and & geerel.dhe u%@womﬂm@ﬂwgnmlwsgr ,ggqt@gq lés'c\pq:q#@ance
alb}ﬁrﬁfg Pksén% v QRSHOATRH £ %11%19%6 %@étl’ id t@&ing cleMehit i(hf% be placed

y to provide suc inreal tine.
qvemriy@psm@mw«@atlan sftn 31 venseriand perferat n@gsnmve*b@ptwgbd

t&ﬁ%&g lia% ﬁﬁar% lrd‘g{h'égg g%:ﬂneﬁg fo?epari)cjr a{'tgghdgﬂl;rségﬂ &gé#a{c@r@hich
pQEsd mmovak/@(m patiombr @adihrpgalayer ofid perhagsriigswa@gaidd l&yer to

agﬁ?rpgglgﬁ OB% pf:ouﬁogmgi l‘ﬁ?rﬁgver alf% lr%\éeﬁ tte?égng %?ea%lvﬁr a%%l%ﬁed in
aeortlanpel tvittiad pregenb veigiohovithed: the héwdrio accesstpel t‘edge’Upif theig |

N e O S et M e e o
e B ot e B ot ol |
S s oL lec gt a0 Be SHTeD ity (SR iesBbe oy

dl&h&r enBewalentRel in 4 mpuker gifdlai dGhSRadiBiohab afti-devel dlgctronic
formed in SO |ayer 26, may be fornmed within a portion
‘BFg‘@?FQI?g%‘EEWF“%upI ing layer 28, or within an

over Iy bfigr BYPryitié h ‘PLQﬂbdtt@Wf opfica® feRRUit aRE&sdrh &at the wafer
exhibit a "poly-loaded" waveguide structure

under test be able to bé moved and/or rotated with respect to the testmg 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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In general, the use of coupling/decoupling prisnms or
gratings in accordance with the present invention

walkbwwsefor opt o-el ectronic testing el enent 10PCO/US2005/007473

placed over any appropriate |ocation of an SO wafer

16 Bﬁgp%f"e%{ Hifes el'eﬁ%ﬂsl'ovz?s wé?pets | 6@tiora8 folvEferkt 8 between

are th, Tor exanple, the prior art Johdnnessen
wadérei0e mdat;estmgied:etmcreqm aseutlivateddvzthe ofrows ndH6i HnTlsfrotational
I i . r
SO LTT AR DRSSO LB e
tt esttdchfpr a&u@mls-yihgmnmpf testhgd:lenmnaé@ Mthamectm 501 whfer

2%@ dgge. ‘tugl" pgcﬁvgt} ’Lé?g%’;mnet(ng BP \g%ttg fOOn wfgl} retspeec? f%ctszs?‘gg eﬁ Pt 10 is
wBed oGHbw ferthe Realipnment dfuke t@ﬁtmgl eﬂe&m‘nlt with eaibdus rS@I amuctures

DtSenectranfohent wores THELHARS 0 i Rrerd S s B ikl

R6tes; 'tfahﬁﬁﬁa(ﬂ fthe nkasdié Peatloannd thep edikalrsord torddaln thike contact

inventive testing elenent at the wafer |evel n. a
AR STemeRaL0. B REre PaEPrHAI A s g by

i8¢186d &l visiod ¥y S@habRiknolvh Ghde 5r6@ersmga1gdnﬁthﬁae der to
provide a full battery of ogtlca tests, it |s

neceddwyrillustigigd i FiC b @romplsis o e gsmenh| 2, ingluging a bus

1%&5& 1@@ %r‘%nﬂ’e@hﬁg gdo WFﬁtE‘r JoREPR&G 28 @ dihalsRiStsh €M 126 and
el enent sone of the novenment used in this case

ipgrumestetion 17g‘3r1¥r%¢| fo pasfamicential tvariqus desiredupitticp! andslactrical
EGon SOI gtllu&'lﬁlteﬁ @Jlﬁﬁn §@I KARIPIR AsSQupt§16buLP is an

conpri si ng lurality of separate SO structures 20
dectrdhis inferéase i andyn eiigel ipisriagrulPetor oreviding e plegtkira and

oj)&l@g?n@%st Ygaglfs% 45 2%8&&@1{3% g}lﬁgalfs %mF {e§{‘x§é athanab.

venent spect
opt o-Aslskewn, yaii@ist lasutlcngrcé Isigrreln (mqlgdlnaﬁievp@slltloasf testing

SPGB BURIE Qb ) aREOPER- AR ElIeRAl o B MR
sngnaat(bam abtloabarﬂneiemﬁwaé)tmss; ateng bug 1@82phdyre f.lplfimdltm githtehepto-
ti esting a enen 0 r
R B G DS SIS o
dptisgland elkariG0) arealsertradéifitted: h]leng b’ 1\2'2dtﬂdvn€bre|dmw epmqirlatef

fer, 200 with respegt. to t n
JenS il momor R GHin bR oo s PR kst oh PisriBfift s
Mekldd aﬂ@ﬁbmweﬁaccsﬁtametmm stafeddu bd)tﬁgltél’(ubntéoller 1%4 each
ep- and- r epeat ess t IS, e 1 i s |ower
@I Squctits can Bevatfse Cfﬂwe?w ?EFﬁ%*}l%l‘%rE@%f am&ﬁémﬁt&%?% Eﬁ‘ﬁ
depamtids@beiRndriedad ‘Ain5RIptale’a SFdr @xAFHE ThéBRic€ 6MdnaCt
with testing el ement 10. The entir testln rocedure

wiapeepiabls GpmRecaE MY be marked sYitha Wispabindicator.sPehasaaaggtic

RRbMROMRL it TBILsIRhARR Sl R the 385 HIB® intd ¥n@Ridual components
ilTustrated in FIG 5 is a conplete test arrangenent

tho Bfailedy cirgwitsisgn heidissarded-er f ace 122 for connecting a
CoNPYie A GRYrHR in‘ﬁfwd‘u%f‘teﬁt@ 1ﬁ’1ﬂlté ﬁ@gﬂsﬂ Hesh¥éd ?é%ﬁ%rﬂsg Gigadd

instrunentation 128 used per f ornf cont r ol
adies.ies agenst eongidspadite &p g%rmn@wéb@ pubjeer 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



tests on SO structures within SO wafer 200. Al so

coupled to bus 122 is an electronic interface 130 and
wanosmsesal i nterface 132, for providing the ePettuszwalor473

and optical input test signals to, as well as response

Rl Shdvears an@i%lEﬂeH % S‘é ﬁﬁﬁfb‘ﬁvé— ing/ ASumBRN mo&ﬁfchﬁ’diﬁ in the
Input control naS |nC ud In%—,@ gv@ osition of
ag|

foray ﬂlc}@et@l BAY h@ mfée byhasa skilled in wrdepartiag Hpmithal
SE ﬁkfﬁﬁﬁfx o1 ﬁéﬁne@% claﬂﬁyﬁro{/ﬁ% heiéigb@bw. (both
ectrical) pass along bus 122 and are
applled to either optoelectronic testing elenent 10 or
mul ti-axis stage 100. The returning test signals (both
optical and electrical) are also transmtted al ong bus
122 and stored in appropriate diagnostic/test nenory
units within conputer controller 124. Based on the
actual test results and associ ated "acceptabl e" val ues
stored in conputer controller 124, each SO structure
can be eval uated using specific test algorithns, with
structures that fail certain tests being nmarked as
"unaccept abl e". For exanple, the surface of an
unaccept abl e conponent may be marked with a visua
i ndi cator, such as a magnetic ink, on the circuit
itself such that when the wafer is diced into
i ndi vi dual conponents the "failed" circuits can b e
di scarded. The nature of the individual tests, inputs
signals, desired response signal values, etc. are not
considered to be germane to the subject nmatter of the
present invention, which is instead directed to the
formati on and use of a single opto electronic testing
element to performessentially all wafer-level testing
of an opto electronic wafer. Further, the specific
enbodi ments of the present invention asdescribed above
are considered to be illustrative only. Numerous
nodi fications in the formand detail nmay be nade by
those skilled in the art w thout departing fromthe
scope of the invention as defined by clains provided
her ei nbel ow. What is clainmed is: 1. A wafer-|evel
testing arrangenent for use with an integrated opto
el ectronic silicon-on-insulator (SO)-based structure
formed on a silicon wafer, the arrangement conpri sing
an opto-electronic testing elenent for renovably
contacting a top major surface of the silicon wafer,
the opto-electronic testing el ement including at |east
one optical input signal path for directing at | east
one optical test signal toward the SO -based
structure; and a plurality of electrical test pins,
di sposed in a pattern matching a

10
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wohosasetsy of el ectrical

plurality of bond pads on the surface of the
opto-el ectronic SO -based structure being tested, the

opto-el ectroni ¢ SO -based structure being tested and

whaYd diipskghectrical test signals to and el ectrical
response signals fromthe opto-electronic SO -based

st r udt Hrwalseievgl egingarrangeRenbior neeavitheyuipteemédio®ir ur es
e@éct%@meﬂcé%tt@ﬁgmatmse sl sBRLHR Yofmddetd digkof Rk Nthe

and the surface of a specific opto-electronic
ag@ngepuriceompnisitg ur e being tested for coupling optical

t est
LRI ARE SRR ot SRS
swe"ecte|0tﬁgleamh@mg»eafemthea>9tod@¢qtn®et¢ teshing Elgimentlinglndingi n the

at | east 3{]1% SQBB & lc AP b ol 9 LisP 6% (ﬁ)rtlcal
¢ SflopL POk cpBA RO

| east one“optica rou
teqp bignad koaednd dlmg SOk-bestd stgiceirermdlt at a pr edet er m ned

angl e so as, |re i.cal

coupl i ng i tlucgoltl‘ﬁé)?%lﬁf f'gaal?eSt lll}%l eg erltgegn %ﬂtcgi%%

plahléty of e pdde oh ithegsuaihcccofglanagit- ehstrcdmf S @Bbhsedstalctirabeng
in th east. one, ogtl cal Er co

wher at

e BB 2 PRI Pr B piesiie B pT e SO based
sﬁﬂéf&@tle)blbm@ tasted afdesrevitling pletigiahl tése Sign§$ fg)l’haﬂ cleétrlcal:'response
waf er testin nt as defined in claim?2
shals dom ‘ﬁﬁ@paq—eltewg\tcmﬂgﬁm giurg beipg: te%ﬁﬁ?? ses at

| easbptag cb@Imgdeits gidposéd Btweenthe Jﬁi@el&a{r@ﬁc teetiifdl element
testing arrangenent as defined_ in claim1l V\,hereleg t he

agdl thersydarset aftpﬁtlﬁeppfeo‘ttt%rpgle@é bﬁiﬁ‘hsﬁﬁctlé‘leé’ﬁ’é‘ﬁttesf ffor

c%qptttfgtobﬁsattt&e stgﬁyt@tremte RpefficAdptd-BREHoNSOI-BHLd stRRtuk< Al
test 'signal . 6. waf er-| evel testing arrangenent as

heaRitested- i n cI a|m1 V\hereln the opto-electronic testing

el emynipyt ﬁtatfa%vét %Hﬁg RHREAM: 9L 81O aﬁept Wﬁet@ﬂtthecz?t
for providing optical direction/focusing between the

lgast pnsapticaliapw ﬁtgnelatath eopprises aj eabt quaenticah berisispetsg
t?@g@{e tgé H{?{oa%lﬁctgmct tgﬁmg F%Ee‘ﬂ‘reﬁjc ﬁ%tprr&ﬁ:{e?mﬁl%a Hl‘félé" §@asqg biddide

fer evel testl ng arr angerren
foed desizetl degred aff optigalwiowplaignntd (e apbicdl-coldngrentires. t est i ng

el em%mrhg He@e? Eésﬁﬁé §.Jga}%§érﬂ&t%gpéfﬁt%d n{‘&lhlﬁadfg«herﬂ%l the at

el ectront ycontr e mrrors

Iomst exe- dpmzell fillee sompriseann amayarfeptica fibekefdaplefibar wagpsblei ah 6
aql c testing el ement beam

%‘P@é‘?t‘v’ﬁé‘f%ﬁ%‘ﬁp %caelﬁ?s‘gggnl ncl udes a pol ari zation

4. The wafer-level testing arrangement as defined in claim 2 wherein the at
least one optical fiber comprises at least one lensed optical fiber.

5. 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.

6. The wafer-level testing arrangement as defined in claim 1 wherein the

opto-electronic testing element further comprises

11
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controlling el ement and hal f-wave plate to provide
pol ari zation control to an input optical test signal.

w0 .2005hv8678af er - | evel testing arrangenent as def PAQeaS2I95/007473

claim6 wherein the arrangenent further conprises a

f eed%&h SR HEPne pERASEHREIBR B Hi@ectc-fglffo%hﬁﬂ Béﬂv@en

and t he beamsteerln / shapi ng optics to adjust t
thsoatiledsbenernptiof! inpe S@mhpe@l ang t gl@ﬁyalp majgr swiace §§f@e ppfpo t he

eﬁé&EJoﬁll%%trgétultel%gl %Ees'te(aon wafer. 10. The wafer-|evel

esting arrange as defined in claim1 wherein the
ar r aﬂgéﬁhemaférdﬂeh testingarpnzeeent as defindd iokaimghisreinthe

qutoS nga?o%(pt% Y)%Ze?%rﬁe{ﬁ g slﬁe:rf’n ébl’ V\lg/cgal@igsn ;élpﬁd%%tl%cﬁ%}ncally-

coptrolwllemembleimimxrs si gnal sto pr ovi de i nproved

g(r) lr'l glr#g 2]%@%{2& Igs Iexgag?e\étl 1 ]frangeh een as %’f \%E Y eJlalﬁqtetfl\R/hé}gi{l the the |
opt@alatirgnad tlestmgmbemn&ebeam marmg(shmmggomm inchidesen pnédrwamced
f t h t f: | a t
cppEpine EfRuBiaal e pEh SproBR ki BefS P hEinhn’
opeic#ltiest Biighg). Si ngl e node fiber and | ensed single node
Tiber

fer- evel testing. arrangenent as
def | b TETLTaPIA IS UPERE RO o TGAfn Sa0g] hgen the
a1 RALMKES furthel seeprass evanescent coupling layer di sposed
over sel ected areas of th(i) 5%] or. surface
é?ffeeﬁ

SO stleeback eompanentispagd i shiig ana the bedts
s?é%h@/sﬁa{p‘i}% @}Jﬁhcé RAusPhe F)Ssﬁt!i(ﬁﬁﬁg &Mhd GstRaltsipaalstWitregbect to

l'icon he wafer-level testing arrangenent as
ﬂ@l%ﬁlirf?ééofﬂleé}h&PWife\‘imer ein the optical coupling

f eat Uge Srhe QRLr ISR Abtid ERRhe IRt APddRad inC@HR! 11 WEer&lh kM
di sposed at a predeterm ne% i nput optical coupling

am@a@m@mftyéleasommlsm ovi de evanescent coupling into the

SO SHUBHHE EordtbrmertEsp R erd &Y Bl dISIhOhe30A ARAPIED!

aim1 retn the optical coupling
mpmswnelspa@lomdue‘ethaMadeh ofithe opficattast @maﬁlgm@s foawonids
e at a predeterm ned i nput optical
lhlg)ré‘l}ﬁ C§%l ﬂi‘c%n% 15 The wafer-|evel testing
arr an@e r’mntwﬁa ldwﬂ taseg arrangéragntras dafined & alaithlewherein the

GRS REAAR S LR KRS SO 950y
doeia]sﬁng)asfepmimzaﬁmh magsdining ﬁbﬂnsegls mgdabpticablibeT,Hensedf er -
Rﬁﬁz\ér}ezg 1{)1116 fﬁ%@? n1gé gl%g?l Fiode tﬁbgrsang?gnlsenf smgllel':] m%l ahbnérls

12. The wafer-level testing arrangement as defined in claim 1 wherein the
optical coupling features include an evanescent coupling layer disposed over selected
areas of the top major surface of the SOI structure, the evanescent coupling layer
exhibiting an index of refraction less than that of silicon.

13. 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.

12



10

15

20

25

30

optical coupling features further conprise at |east
one optical coupling prismdisposed at a predeterm ned

woubuwsept i cal coupling |ocation. 17. The waf ecTiusa®b/007473

testing arrangenent as defined in claim15 wherein the

opt i cpi, ToeuRIfirIgyvd Gatinl &fankethdddes TP SAiMgl Wherbig @t
one optical grating for d in the FO st ucture at_ a

pRticakroEp g fratres ﬁ?laartlse et Qne eRifgl 8TAlRg formgd 15 dhe SQI

FRRIMELQN pré Y@l SR Bptial ARgRiEDtatids. defined in
claim 15 wherein the at | east one%fptl cal .out put

si gnald- penvaiey-lew! istingarrangemen as Sroash incdaiay lswh?ﬁamél?e
9;% ettt %@tlﬂ?élé}héﬁt Hinlr Edrhiises S0 She rasga@al e@tbumgnal

ber, lensed polarization maintaining single
Pfitbé?”eqeé/rli% lesisipnglopHiend éest iepronse ignal.-i node fi ber and

I 'ens fﬁ @ﬂe%a'f&qgvél 'tégﬁﬁg argﬁ%gerﬁerﬁgg e@fn Cﬁﬁfnf ﬁrmeﬂ]&n the

waf er-1evel optical and el &ctrical testing of opto
eptisel qoupling fEatnregifurthet oompribeiahleast on¢ ¢riisal-conplinguisatdinposed

%%g %de‘{@&ﬁ{ed 68 n(ggg%gcﬁghlﬁlg&%ﬁ circuit including at

one coup provi di ng opti cal
coupl 17adrtie Maferalnwbl wting)érrmgsmﬂft agdefinad guldiohi gvheagin the

g%th_spcogp ngg ﬁeetgreeé :ﬁé rg:'r (c:?rﬁlgnsij lt'ﬁe%%t o‘ﬁ% Ig%tgc%{ %gg%or%df il’é rthe
801 struetird at- amrec&tanm@d ooa)padqjtxealafouplngrisdaabm on and

rot atj I venent: .b) contactin n,o |
Rt s B R e N e o
tedstfoac eptitaf (blgi)tﬁglgﬁiﬂl paftdis wélekted fr&@ltha)g@ds@@hﬁatrrgmm C
struycture, .the o el ectrqnic.t

BOIEH R Soiniaiias Qbrs SnGIE MoReepiaeLabery BEd BURREALOR of
fRMARhE Bidgld nftdd fidki, 1enséf sidnak@odd ﬁbw&ﬁudtulﬂowﬁl&ﬂ g@ndRnsed
the indiyvidual SO opto-electronic structure and at

paligods{ibept i cal probe input si gnal path for coupling

at | epsta gReEoIRPYEFGBRIALRAfLRSE] opli€l ahd d18dueal fb@tnﬁgt of opto-
| east one coupling el enment of the individual

elsetennig ‘é’t"tﬂ%fﬁ“@e‘%t“r%]tmcﬂném'léﬁuwé?fpfﬁ?ﬂwfﬁt eqel @gio Jgpdronic
Qlﬁ)édltqgélu&n?% 1t 1845958 coaphAieh &R % pﬁﬂ)@dlﬁ% okl déﬁ%llrfgq% and

he 1 ndividual” SO opto-electronic structure
pquﬁ aghriadeevaypgadiag beaer Qfﬁh%om@gkeptﬁgn%wéﬁ@m thgymethod

E%M%}gn[gegg dgast one response signal fromthe SO

opto-electr |c structure through the opto-electronic
t est | @g)osltlemeg\ the KN dvadyr quragviltianis stage capable @ transtation and

RAMSE ‘%hgg to an eval uation arrangement for
%erm ncl)ng characteristics of the individual SO

opt 0- &) cectactiny an apto-elettemés testihg eknenhiptalvoldctad regéchi o g SOI
wafe(r: lsf;%ace % ﬁr\ﬁ'h inrcli‘)ic{hap%lf %ﬁ&l@&ro%ceﬂru%re, Ak o&n%@e?éctronic
testing element including a plurality of electrical test points for contacting a plurality
of like-disposed bondpads on the individual SOI opto-electronic structure and at least
one optical probe input signal path for coupling at least one input optical test signal
into the at least one coupling element of the individual SOI opto-electronic structure;

¢) applying at least one optical test signal and at least one electrical test signal
to the individual SOI opto-electronic structure through the opto-electronic testing

element;
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one el ectrical response signal is returned to the
opto-electronic testing elenent. 21. The nethod as

wdebisrserssn cl ai m 19 wherein in perfopning stepCu)liS2@s/007473

| east one optical response signal is returned to the

opt o- @'r@ﬁ% ét%ats?&{e' r%o@e%fé%ﬁ‘ltfrorgawe S&%pﬁ%l@%n?%truciture

defined in claim 19 whereinin performng step d

theeush thsrrpteplepteenio festingsiaensiaghal and at | east one
el ect ég' PP @idih S BRAPREstDhE FE@+0£5 ﬁgﬁaq E&'ﬁrﬂ@gluta@ont J}Faggement for

opt o- €él’'ectronic testing el enen The met

%@ﬂm@dg Flraredteristics of thihimdividyak Hel apta- hleﬁtmfnmatmetmre

conpr t f I 0

Che’ o oheriinel SNRORL ol 193EAN HcliifuReaL 40 18k
arteeelgitiidat mpavaé signd ucieturirdtto the@ptoptlestvhisdestiog element.

test Ii]lguﬁ{ qﬁ%&%d Assdeng:' 1‘illcPanr§q9 {eln ?%elff&%{nﬁggtaj d), at least

i ndi vid ect roni c
wlepctmlbalrrgspsnﬁpsgdab is -retex)led orthe b’;ﬁo{dleﬁtfrmetestmgredbnwnd ual

SO o eI e ni

ot i iy TR BRSPS B o i B e Rep ). at feast

Mmitibﬁl&ﬁspbhﬁ signaparaifat ldagt one pleettical gespbresp Sighdl an@dtugged to
h i ndi vi duaLe SO opto-electronic structure

or e
tF’SrOHE’oeq%Cr'imP‘r‘fée%'lngl "af er surface. 25. The net hod as

def i nmd THe 6dtRddnas2ifinkEin & 1aim t1 b evheriibel ndethol Mé@ther comprises
gqe fss the steps of: i) evaluating the optical and
é ?P response signals to predeternined

accept) alahgatind! thesositAAb T khe)optiR1kdtiogicttExting Bidmehtdvie] respett to

opto-electronic structures failing the evaluatign o f
%@éﬁwpl} welsy suchiadt drepito-g e%twwstmg@lemﬁtels Refifigd gyer a

digfetdnehdivinel sbmpts- el’é!@%rﬁé Sriche; ARy hod further
conprises the step of: creating a software-based

recor® rmeatlh&st@@sh) exE Ffwlﬁfwm Yidyah §0OV petaglectenic

QRlprel ectronic structure, the software-based record
including an identity of the particul ar wafer being

t est e reethetpasalefinerbiniclén 28 oviersin tha glgthod et eranprises
tﬁgstei}%tf:o el ectronic structure on the wafer surface.

h) repeating steps f) and g) for each individual SOI opto-electronic structure
formed on the silicon wafer surface.

25. The method as defined in claim 24 wherein the method further comprises
the steps of:

i) evaluating the optical and electrical response signals to predetermined
acceptable values; and

j) marking the individual SOI opto-electronic structures failing the evaluation
of step i) for subsequent disposal.

26. The method as defined in claim 25 wherein the method further comprises
the step of:

k) creating a software-based record of the test results for each individual SOI
opto-electronic structure, the software-based record including an identity of the
particular wafer being tested and a map of the location of each individual SOI opto-

electronic structure on the wafer surface.
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