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i Mg Ny RARRALALHS, an image sensor is attached to a substrate by adhesive and interconnected to
the substrate by wire bonds. Optical components of the camera are separately mounted in a
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25 A disadvantage of the foregoing manufacturing technique is that each camera module
is effectively made serially. Manufacturing solid state camera modules in a serial format can
significantly increase costs and time of manufacture. Such inefficiencies are only magnified
when producing high volumes of camera modules.

SUMMARY

30 The present invention provides optical imaging apparatus comprising solid state
sensing elements and optical components operable to be manufactured and assembled at the
wafer level. Wafer level assembly of solid state sensing elements and optical components, in
some embodiments, can offer cost and time efficient production of optical imaging apparatus

including solid state camera modules.
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15 Figure 2 illustrates a wafer comprising a plurality of optical subassemblies according
to one embodiment of the present invention.

Figure 3 illustrates a sensor wafer comprising a plurality sensor subassemblies
according to one embodiment of the present invention.

Figure 4 illustrates aligning a spacer of optical subassemblies with a spacer of sensor

20 subassemblies in the production of an optical imaging apparatus according to one
embodiment of the present invention.

Figure 5 illustrates coupling a spacer of optical subassemblies to a spacer of sensor
subassemblies in the production of a plurality of joined optical imaging apparatus and
singulating the plurality of joined optical imaging apparatus according to one embodiment of

25 the present invention.

Figure 6 illustrates singulation of a plurality of optical subassemblies according to one
embodiment of the present invention.

Figure 7 illustrates singulated optical subassemblies coupled by a spacer according to
one embodiment of the present invention.

30 Figure 8 illustrates an optical imaging apparatus according to one embodiment of the
present invention.

Figure 9 illustrates an optical imaging apparatus according to one embodiment of the

present invention.
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some embodiments, can offer cost and time efficient production of optical imaging apparatus
including solid state camera modules.
In some embodiments, the present invention provides an optical imaging apparatus
comprising a first optical subassembly comprising a radiation transmissive substrate
30 comprising at least one optical surface and a spacer and a sensor subassembly comprising at
least one sensing element and a spacer, wherein the spacer of the first optical subassembly is
coupled to the spacer of the sensor subassembly to establish an overall spacing between the

optical surface and the sensor.
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conpr i segdiatid tdnahistiye besma&ﬂﬁpﬁxsn@nﬂ: dthastoan Spl'[caBsmbESfSle labinguleledrpr ises a

plurality of spacer such enbodi nents, . the urality of optical
subassen%?F%P“soﬁéﬁéP%cabW%fn ol JUDICRYFTIB SPTRRCTRTAd AR eSPaC%%%B‘? Segfifgassenbl y

spacers. sugés,lé@ﬁtﬁ9i/searsm%umemealoﬁrmQ%ﬂm&hsass@mlpﬁﬁb&waf@u tras spediloy theonpr i ses
a plurality of optical surfaces. In sone enbodi nents plurality of

optifcal sspior sehassembly, H3pP6 LEBRdIBRNE, JOSHRAICHIIe £ CAYFERS &F 9@6%&5%@?@& e. In

ot her enhodi iR seﬁ’m éférﬁédttbﬁ&lflergﬁbbcﬁﬁ’kn@ WebAGERssa StHRPhrofbROr ted on a
radi ation transm ssive substrate. I'n sonme enbodi fents wherein opti cal

sur f acescoaengron be pgpeithespapyy ofithe setisar jubssamnsmi ssi ve substrate, the

opti cal Surf?;%ﬁ%t@[&arfmsgw@%ﬁma f{zpaypkéfé@&octhgaﬁlﬂgy H5ReAFphrflalhIAsCase, Tor

exanpl e, ynmeric or tica ers. err| g now to the
Fi gur es,raﬁatgmme tlib wdllbla,snﬁramésnfélomltysxselstercglommﬁhe vlﬁ@vvmﬁ[gn%m spptiugiallni magi ng

appar at us acc t o..one enbodi.nent. of, the pr The opti cal
i r‘rﬁgl ng sgBiﬁ %fi,dét}latlc*n tlt_ansrlrﬁssew materlals cat Sa?sa\ﬁsggl elec@%’rﬁ%&n%g@se bl y (102)
and a sa'a&@ﬂionm ﬁ&hﬁél%ékﬁ&&?&ﬂ dﬂ&ZG&ﬂt&f@aﬁ99ﬁx ssmbasﬁaeah[bieyts,(rﬂlﬁér)als The

(106) " comiT 1T RS opr PRI (Bt gy deascd S oo 116y < opt i ca
subassendph¥cteddid). RESRICATYe B86 51808 Pacts radiblid) trankhissbRagedrialskdae) conpri ses
an aperture (114) aligned with the p Iuralltd% of op tlcal surfaces (108,

110) . | MaEeKBY N Phepnaipteripaliacy e rgices @)achipye él&Fd\AFtSw PRECPECT-cal surfaces

(168, 110), YR&SPRARNIHIRSa ARL oﬁt&%ﬁiufa@s‘é&nﬂﬂ% bémpradi mp@ﬂaalmﬂg t hr ough
the plurality of optical surf aces illustrated in

Fi gure 1whespiersor(eroyptics! sezrfss,@qa@mrmt appeEdtiysradintion %ﬁ@a@@?lvwwt%oupl ed to

the radiatio f aces
(108, 110) T B SR P R PR

t ransm gB¢ seeses wssseably %Omyesmmhtmorﬂ spat@e plni suell enshndiaendss thepdgality 10) are
provi ded of %;S)tlc%l gu%ngsemgl? l%3&10811’3 apD&)%Lfea po tHe EltuFalﬁ%I 3t sgnso} ghbgilgmbly spacers.

25 Moreover, in some embodiments, an optical subassembly comprises a plurality of
optical surfaces. In some embodiments, a plurality of optical surfaces are supported on a
radiation transmissive substrate. In other embodiments, a plurality of optical surfaces are not
supported on a radiation transmissive substrate. In some embodiments wherein optical
surfaces are not supported by a radiation transmissive substrate, the optical surfaces are part

30 of a monolithic structure as in the case, for example, of molded polymeric or glass optical
wafers.

Referring now to the Figures, Figure 1 illustrates a cross-sectional view of an optical
imaging apparatus according to one embodiment of the present invention. The optical

imaging apparatus (100) of Figure 1 comprises an optical subassembly (102) and a sensor



enbodi nment, for exanple, spacer (112) is a continuous part of a nol ded
optical wafer conprising the radiation transm ssive substrate having

opti cal swofane®1¢s308, 110). In the enbodi nent il lPaStusatiem219m9 Fi gur e
1, the plurality of optical surfaces (108, 110) are in facing opposition to
one anot her on opposite surfaces of the radiation transm ssive 15substrate
(106) . | subsereble (98l Rermpscal epasssalblysiip?) gemprifes e gadiatipp ragy@ssi¥nses or ot her

P hec? FHSIRNG0 SHEAEPs HEREAG NG SLERTS:, 110) Bk Spuapertures, or

ot her refTact o0 I'nteract wt ctromagnetic radiation. In
sone enbadisendly (1hdsoptigats speafeacds). (MESpaced 0) 2)agompligtsradPeHEDd t he

substrat 106) dur.i i mul taneous or s i i ps. For
exanpl e, ﬁg%‘?ea(?Iéé?di e tﬂgﬁi‘fagpgye faoé) ?ﬁff’g > urﬁafﬁﬁﬁﬁyﬁé ?@é%%%ﬁéée}gﬁ%%h%g%ﬁ%at ed onto
t he ssubsgin at igRdi(wWi@Hthe oftvel wpfates &1 08s L) abepadet A8gs nbl Dijerfreeywitterafliotiored i n
simlar or different materials. havi ifferent refractive indices and
di sper si BssiUGih{Rugh fie PUBAIIY PEPTC Séggc%s&ogeﬁ%r conpared to the substrate

(106) . In sonm el eRbse 1t §RcAM 1298 a Sipufat@desctivh@8a spat&)waere formed into
the substrate (106) using lithogr aghi c. or nol ding Pr cesses Tqi sensor
subassentsiupleq 1bs radishpp frawsaissive pubsipte 616) cumEistig caheasH{acesid8% 1AMd a
25spacer 1, he? bmbJdiGetO6REr (1 12%2hd e rhdificheRsMisdaf RbstaP06)SBmpadingper t ur e
(124) aligned wth the sensing el enent (116). In _the enbodipent illustrated
i n 1Bi gureptital sueces A8 1) &k eravified gga exntipwyp pT werelihie s EBRIWASr waf er

(118) hayjing: [N 189 QGter

el ect ron%r}égrg)g%r?eél P:}gttcf%glﬁp%nstp%ééeggl 1325%%9&31%@%%9?%2:%?%@2;%? appar atus (100).

| N conprdosipniging theapdationrtangmizsye sbstrptectohving ohticahsurBeesil 0 1é0ement (116), the
spacer (124),, i.n Q.saone..e I , i f i

el ectr omatgnetlfl éhereén f)%tlfrfe%tnm %&r)?g 1@%@%& ’ %3%?%29%8{%%1 Sg{j%‘ea 1teO§’ 1(1%8, 110)
to the sgagifagngbgoeinitn (01dhe hnother caopposaéerhoticeseritls, radingongpnsoabiveur f aces

Fadvati oHPER e gt P RAt B Bnania v g HDab e ERANE,

el ement . elements, suchRs SPARtiGEEIOGNTE HilRss, difeausac ethe(rkRAtivesopeabfited t o bond

pads (126, 128) of the sensipg. el enent 16) b ne or. nore sive
mat eri al @?era!chwglbﬁléc%%ﬂ?t’l‘féf‘f{}%fonb WPy Ogl)i%?é’ %ﬁ@?m&} = 8?83?@? spacer
(122). Ag O§j b GotsR @ dntbukd §ﬁ_§§traﬂﬁrl 66 Hurih SmBRAeBiis drkédent@dl pfd&&ssﬁl@ REPS.
subassenbl y can have 5various constructjons. In one enbodi ﬂgsar‘ljﬁ?,grfor

exanpl e, Farlssarapa dheroptisal syrfacss (188 nkld) way be Soldeber RlRICH RTOLMSTIRE 4 enent
(138) . 1303nahb Qétic_%m&?ﬁééﬁf% 110)6na5 RS el dPdhilhror i ek thaldri@RThaving

non-conduct’ive or insulating materral on sensing el ement (116). Any
non- conddifferentaclprctiviimdices dndglispension ivaluespstconpareth ©i sgelepthengr cpmpaied ©bj ect i ves

of the pt‘ﬁ? I?uﬁagttrar% {%8}“ tI}1 WU &Hb&ﬁné’lﬁf‘, the. J&)'ﬂcaﬁ Qe {T{f}@g{i 1TBYUrS forfhefd il @@NAuUct i ve

or insula erial conprises Irquid crystal 10pol yrmer(s) (LCP), fiber
r ei nf or ceatstyatead 06)csing hithographit kemopioignresesses.speci es. I n sone

enbodi nents, .the spacer 2 rises 0 I tl of two or
nore materi al’@.e STHRE S gar?%%'iﬁ%%’ Qoggér?g prnﬁ%sta}t?fﬁgt ofqgg%gérlg efée%%%%({l‘tr;@na;ng’g conpri ses
twosor n@pher MRRITHlspaceoUpl st thoscane waftothapriseTheapspacd24) 2RGed with sone

enbodi nents, has a conposite copstruction c ising,a sol de sk coupl ed
to bond PaLSIng ﬁle’é‘ﬁ‘i’i_t( EE(’S Lﬁfgsaﬁn ‘E‘?ntt‘llll}@tritg‘gg@%%‘fre (ligLf_Qﬁ_fenﬁlﬁg e{fmc‘?n%rrposi te
const r ucl i ®RomPARE h SéMidoRiusel Hefer (B8 Kha iRl phbtobdnsitive Hdgidnqm2( ppekislg
material. I'n sone enbodi nents, a spacer (122). conprising a %oﬁder mask
coupl ed o detactsisriremrensimreiligtonmseay sty thePriaimaghs APRAELISIA)o M npr e bond
pads couplpdsihPat HRraR! (@2f) JIBRE with the sensing element (116), the spacer (124), in
30 some embodiments, does not interfere with electromagnetic radiation being passed by the
optical surfaces (108, 110) to the sensing element (116). In some embodiments, the optical
surfaces (108, 110) of the optical subassembly (102) focus the electromagnetic radiation on

or near the photosensitive region (120) of the sensing element.



In sone enbodi nents, the sensor subassenbly (104) further conprises an
optical 20surface (not shown) disposed on a surface of the photosensitive
regi on ( MORomfostdse sensing el enent (116). I n sone enbo®CwAISREL0/021989 Oopt i cal
surface at |east partially covers the photosensitive region (120) of the
sensi ng el enent (11@%@I n sonme enbodi nents, an optical surface di sposed on

a surface of Irempl BAY, tthwweé@i?éhlsmmdteéﬁeﬂrpaééénén@%ia thor e
m crol eng, ﬁlg %g@%}@%goup{)# xha%faaagagrﬂa&nﬁggms%né,enﬁea%ﬁts(ﬁo%a af the

opti cal suba to spacer (122) of the sensor subassenbly
(104). The6cti¥himedt hedpgéer (BR).an optical subassenbly spacer (112) and the

sensor_subassertlo SRAGHr (AR nC A% 5L b AN HESlan vale, |0 some

enbodi ments, for exa an optical subassenbly
spacer (ikérib)ls amdtra:tmesnsloronsctbmeﬁmlfyr esqampbrthe 942329r (il%?.)s@form@d provi de the

desired f ngt h .or oth tlc r amet iccal ;i maging
appar at u%q%ef(f)‘@fl? %ﬁeémfl%ﬁgﬁnelﬁéhgg oafnoglﬁr ﬁg%ﬁnﬁt}h@asa?cﬁéag% arfa 54, for
exanpl e, fremn foa-cdedietive diemﬂsumlh@mﬁeﬁaroarse@ntg&ldrrlrem@me) oﬁrnynmneommcnwl
surfaces of the optic nbodi nents, the

bassenbl
conbi nedh8fiHne at%ﬁ? %?9%8%1?5%% gﬁ Sebicgties 85%‘? pfefﬁné VAR L2 By s o

subassenpled. sPRBRIenlbddidlkents Sa @®n- doﬁ@tﬁ:’hv@&Q%ulalmﬁPﬂatehﬁl &h{b@lﬁesﬂfﬁwb@ldjrmt s, the
WO 2010/ 091053PCT/ US2010/ 022999 conbi ned hei of an optica subassenbl y

spader (R‘ﬂ?‘}leféﬁ(ﬂL%P)sﬁ?F‘éé‘?m@tﬂﬁé%‘étﬁ’éIayd/%rﬁa]éféﬁ""@’?f‘??? SReEie{p to about 1 nm In

anot her, such,agmuBEb&ihiks SRNSNer 1'2éfv‘cdn§)r1§ééf 4 doflp88iel bnsiiBiidn Stfwadgi tional
optical surfaces (not shomn) are includ in the |l ens design, the conbined

hei ght ofmoggrmagidle alhesoppesie ﬁmsﬁiu@@aclé sop embodiEeES Fo@mbiﬁ% Yen®Ior8 pacer
ranges f {ngt'pnglg g&%ple%‘rfg 0 @A?E‘oth@ t"fhe S%Z)Omrgmne eﬂlb§(ﬂﬁﬁ g'cg}ﬁﬁ% ﬁy such as

with larger s e Co |ne of an opti ca asse spacer
and a semﬂruc&uma@smmbigw ssbtaneaskrcan@e@tomoodrp@som anpth@r ﬂnbct@mab,dm 1.5 mm or

?lg]htabggf}a%e% ( aal comSBSIEe cgqulsoxiucnonnco?‘n frlls‘llglélg%lder ma %f(jl 6@?6}3 't0 td@l?flﬁ‘? onbi ned

as’s a sensor subassenbly spacer is
I ess thasfpaabg)tﬁateﬁEbIO [4 bonie @fibogirgatse b s;tahar(lal)@mtnprzslmgra sold®r mattheupkbodi nent
illustrated in Fi.gure tical subass pac i spl ays the
same or 3HPSILRES ?erfar]igurg’ﬁﬁ‘é TPRISGHIC &5 MPHe Oggﬁg(% Co&‘ﬁ?ﬁ\é’i{éﬁgﬂl% spacer
(122). Inagone enbodi ments, however, the optical subassenbly spacers do not
have the sane or substanti aI |y the sane hei gh the sensor spacers. In
one enbodi merf SOEHeBRRATEE!S, wﬁagsgéﬁ%we@b%{ég%Sﬂgﬁle%%afﬁ?ﬁan&pe er than a

sengor sa@aaes(ﬁmwwﬁpﬁgﬁged dn'h RN el PO Giine Aziond | HH RS Ok s&idhassenbl y

spacer has a (bght greater than an optical subassenbly spacer.
i |1 ust r aglemdent fl 16 g]ilirsémiemhwl’@mtﬁ dll ophisd gurdace 8t lsest prEalht @yeisths nventi on can

further GOMEISRe id rg%)ro!f%'selﬂfsﬁr[g%ﬁenfggqej af s&:0e LB BEOROLn SHRAssebl y

(104). In sone e t he ectric circurt 1s an I nput/output (1/0
circuit dfupfaceodsnoset awatsurfgcewif the thhtosadiizasiging (620 wemprises pns@meorenbodi ment s,

the el eclln{&oq(%ls sﬁh&&r%'!.t (130) conprises an encapsul ant

25 As illustrated in Figure 1, spacer (112) of the optical subassembly is coupled to spacer
(122) of the sensor subassembly (104). The combined height of an optical subassembly
spacer (112) and the sensor subassembly spacer (122) can be set to any desired value. In
some embodiments, for example, the combined height of an optical subassembly spacer (112)
and a sensor subassembly spacer (122) is set to provide the desired focal length or other

30 optical parameter of the optical imaging apparatus (100). The focal length of an optical
imaging apparatus, for example, can be determined with reference to the one or more optical
surfaces of the optical subassembly.

In some embodiments, the combined height of an optical subassembly spacer (112)

and a sensor subassembly spacer (122) is at least about 1 mm. In other embodiments, the



(132), such as an el ectrophoretic coating (E-coat) on the side of the
sensing el enent (116) opposing the photosensitive region (120). The

el ectri cavoapnrooidsdal so conpri ses through silicon via (PEV)USedi84)2999
sputtered netal (136) on the encapsulant (132) term nating at or
through/wi thin the bond pads (126, 128)/sol der mask structure between the
sensi ng ednd:nmdthe%( Qﬂaﬁ)ommst@ewsmblwmyars@éﬁtﬂn? agpseleubysibly SPRRE sput t er ed

metal i n%l%?)[m uB %%gtnpr'g'\%{le Tn Eéot&? RO &s%ekeﬁth? Qéﬂk(g@&te i idnfly bihhip@gr aphi c

t echni ques initral pattern o grid array interface.
The TSV {ddB#bnal @updlanmewnbtrshawnmdmmudmn threglpras deelmsl)e eogbineddeighlad and a

bal | grld arra | etes, the el ectr G

encapsul &P %&b%%@ﬁg’gfgacgr B AT ?)ur%a%sf lﬁglly E&% n%eg ﬁ&%blogﬁbfﬁf | s

bet ween toﬂa@le 1@, Q@&irﬁ&éxﬁbo@ﬂrﬂe‘h}s afch bheith &lger genisats,3aromebned ha@ht of In
sone enbodlnents el ectri circuit 30 oes ne or
nore TSV aige éﬁ%ﬁsﬁ‘ﬁg’lﬁi’éc%tﬂn ?eé‘scgdb%as Hﬁ?}l?' @%CeéFa@ﬁ?S{}goc g[? gg {b%n & sone
enbodi mMegdoss 1.8h8E bf fréakbdit 1.6 Whrh o 40U Beh. H@alth&xeﬁﬁfﬂ&idngermltmmmwﬂ an
optical apparatus of the present invention are nsi st en Q

el ect ri chiighéiof auprtisalGbasHED ISHEPY EAEERPI T SURAIFHI OGIPAST 1Si V\fﬁi’&aﬁ’&u for

exanpl e Hbepg, SASER MR 2 hpmough via cont act and SHELLCASED OP, OC, or RT
edge contact technol ogies, commercially available from Tesser%l nc. of San

Jose, Calif orlnitle ethogumIe@t lustratadsp Fieuessh, sheopiend sehasemB AP BPbf an opti cal
| magi ng ORI 2R Q{aﬂt@dugwe ARRHbH ght agm%@hg&?mbagfamg ?%p&'éﬁ@@ﬁ‘)t In

i nvention e op |nag| g appara lustrated in Figure 9
conpri sesonwendmﬂlrmts barizasss thetobtyeaf 9@25)38131@16! Saao§@r§1§c§lr>t kpypssamppPy (904). The

opti cal gy%ﬁts nglbeysgxg‘xl(; %%htcagqpe $55::20OPh Gak %cﬁrﬁgﬂtap(go%& hat he opti cal

el enent atron ran m SSiIve Su St rate Vi ng a
pluralit wb@ﬂ‘selﬁbltylspﬁler maﬁlm(gbgréﬁét(ﬂhangkéﬁsor Abbsehbly sp@en)In apethegone

nbodi t d t fa 0 di t
O e, S 0, R9E R0 0B BB VAR ol S50 BABRS ot

I'on passi ng through
the optigabersubassenbly (902). The opti cal subassenbly (902) al so conpri ses

a spacer (916 The spacer (916) conpri ses erture 920 igned with

the plurali ty‘lwluﬁﬁﬁdd%ﬁ%{?rlﬁ é‘&%@‘%@i’@ara@i?ﬁge P’r%seélblr?ﬁ?r}t g)%lﬁlhggert ure

(920), t hgnsRAGEEI&QdR bircuithodNERERDRAITBIYSse@BAS04)0tn dondeer f ere wi th

radi ati on passing through the plurality of OEtI cal_ 15surfaces &, &e 912) .
t

In the epbeadiments theldlaggicalainsuit jsin anyﬁ?‘éplg (VO her i Sy ptines Wiyt i onal |y
a %l der sefng r(%gllaﬁeﬁ)tptlﬂ &)%e SRRt R0 @])ectrla_zh %1rﬁ9ﬁ? @(ﬂ)/cbﬁlbﬂ%"s ah gﬂc@bsuldcnor

exanpl e, rISes a recess or Interior havi &? | ange or projecti on (918)
on whi ch(lﬁh)eswqbtas eablegtophentic (0a0E) (Ecepat) la theesidecad thejsensingeel@pgsb !

B T
at | east sipamtvia{TISW){(134) of dphitered ﬂnetals@a@)em/thmetmtavsul(a@u(@}il) terminating at or
through/within the bond pads (126, 128)/solder mask structure between the sensing element
25 (116) and sensor subassembly spacer (122). The sputtered metal in some embodiments, is
deposited in conjunction with lithographic techniques to provide the initial pattern of a ball
grid array interface. The TSV (134) is plated with an additional metal (138) such as lead and
a ball grid array (140) completes the electric circuit (130). Another encapsulant (142), such
as a polymer or other sealant material, fills between individual contacts (144) of the ball grid
30 array (140).
In some embodiments, the electrical circuit (130) does not comprise one or more
TSVs and employs one or more edge-connect architectures.

In some embodiments, electrical circuits coupled to the sensing element of an optical

apparatus of the present invention are consistent with the electrical circuits of the



In sone enbodi nents, the spacer/hol der (916) can have a shape operable to
adj ust the anount of radiation passing through the optical subassenbly
(902), thwoebw/wssti oning as a baffle, |ight shield or papastamw@2®dop. |In
sone enbodi nents, the spacer/hol der (916) can have 25shape operable to
further restrict the anount of radiation passing through the optijcal
subassenBHELLGHSE® teqhnelopiey. itshidogi fﬁ*ﬁ%ﬁ@@@ﬁhﬁ‘eﬂ%ﬁﬁ&‘\%ﬁ gﬂ@’ %‘ﬁ’élég V¥hol der
(916) do f i hadid Rassaant hrough the
opti cal goaltt)%génedn%? %Lh%%%ﬁq?h@gh%hgn%gg?%ﬁ %G?Ig?dggégérrpl e,rat h}xe f1 ange or
proj ect i evrilglgd pmclessefalnetdf San fose, £ abfoifib.e t o adj ust the anount of radiation
passi ng t hrough optJ u af...: ?HB{ . 30(920)
may have a c?@%ﬁrkgﬁl,lusgé%%éﬁag 'gég?t,?()%g]qu?%%gfl%aﬂrpnggri ot Hggrapi)%g%gg(f%g%% by the
fl arfge ofo gaphipeahtiodimdn®dBhe pesenemyerntion. Tlheeopsing umtging appadiuaf$0®n passi ng

t hrough the ical subassenbly (.902),. /1 091053P 52030/ 022999
In sone gﬁﬁt@g‘%ﬁf@%fgé{re #Iﬁoénpgﬁgscaélrolpﬁﬁqqﬁ"é’rassfl\é\%')?(%zsg@? &% %g%sy%ﬁrr% s in
provi di ngoteTheropRe sitlabsgMBB PN orhfieseopt ditiatl cnene@0o) BO6ptioal t h t he

phot osensitive region (932) of the sensin enment 22).. Ln sone
enbodi meflF@etCREP 3%%Fi‘aggfb’éaé‘é‘é‘%‘IV?S‘tbétﬁaZ?(@g)r]fal’f@lg a&Z%é%trgt%Ptﬁ%f ocus spacer
5 (919) . st QGYR, SPAC A balfil®) 4), inkome BRbEIReEE, Tedibfosed@toptitsTemiFicons sui t abl e

for settigﬁa t he optical el enent é190_6) at the desired di séaﬂgce or hei ght
froff an {HHydnsrranembesinens baffle S8 tivaetplble i adpst the 2BPURRETA3EPRal el enent

(906) at ]%éggin%g%ugh% JoegSuRkansybohhens sieknGvakemmPto2fubocus spacer
ih so enp b

(919), . odi ments, i1s di'sposed between the optical elenent (906)
and t he epavisey hopebs(91691B)e sprasr €0 fecoampisdianaptyire @20 rdigaedopidltde (919) is

i ndepend . t e ) MC (906) and
IS subsegltq}ea}%g{%/fo gﬁégg%@%gg@ghgbgt%éeo?‘h?%llngg? a%%ﬁ“éf@%%?%ﬁ%ﬁfg@% 1iglcal

el ement {@@6mbolimeatspddee notsntedete methiradiaion pessmggimasgy th¢ plugyity of opbiel i nuous
Wi t1 t he spge%z%g@l er (916) or the optical elenent (906). The
sensor s sS Y 904) conprises at | east one sensing elenent (922) and a

spacer (924) Ithe afeadeten( dd)atafin Flrerese tizapacsudas)sie adiityonaibyrpholdgdoan

aperture_ (926 | ign Swith th ensj el ement (922). In the enbodi nent
Prust r apbaridn eraiionst hespanbo G e pSTe st it &

seni condiekior havaleelanfOSGrojB@ioh 191 SR o aich Senptitd] ¢ RmeAD06) chidByeaeper abl e t o
detect el ectromagnetic radjation received by th&pg)%ti caL, i magi ng appar at us
(900) . | thosmpadansyy Ikstraiprbiniguge (-dbsiptist iemeat 1t WEhiadifsi ng el ement

(929) . thecemarsr (91§24 othbrbntRIEARDAE bpRAL eaeméi@g%?@n at [th@t S)fu@iﬁﬁy mith
el ectromagnetic radi ati on passed by the optical 20el ement (906) to the
sensi ng &ltepdwtspggrhglder(Blet her enbodi ments, the shape of the aperture

(926) formed yidhi %}Hl%@rﬁ ts, (I%%ﬁﬁceﬁﬁﬁdé%l\é?c&n%arvt@§%}gagg§)pérﬂi?e AL hOf

radi ati on passing rough to the sensing el enen o In somne
enmbodi neanmaint ¢fredigrmqrssifedppgl the opligl edassemblynW02p.dbieselfydBadtiophgehe sensi ng
el enent . by i .erj.al i ts, bond
pads. (9di LBl Aol Sof HREHYEnBRARENE i crt RO ATROM IRET 2,
spacser (92g)opefabiche figthasestristithassambbdiradiatonhmyeng/ardughitheopnsd ruct i ons. I n

censi ng wenarhy (85 M SnbediEr L REShm e Yhe BHEEd B S ormed
from a neRBEReuE: iheen@unt radibtidtjasighgaloagh fk opticababaisagblel(@m®nin n822) .  Any
non- Conde%l}old}/rg}en(t), rfor example, the flange or projection (918) can function as a baffle to adjust the
amount of radiation passing through the optical subassembly. For example, the aperture
30 (920) may have a circular, rectangular, elliptical or other shape formed by the flange or

projection (918) to restrict the amount of radiation passing through the optical subassembly

(902).
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30i nsul ating material not inconsistent with the objectives of the present

i nvention can be used. In sone enbodi nents, a non-conductive or insulating
mat eri al worgpro/wess3| i quid crystal polyner(s) (LCP), fi becTrskomhoemed

pl astics and/ or other polyneric species. In sone enbodi nents, the
spacer (924) conprises a conposite construction of two or nore materials.
The conposi t én somimsdnitiodinienrs, thiespserteldentdd) prevides, Orgﬁmﬁrlnﬁ@gld@% ®r nore

mat erial s coupl ed tao. one r odi nent s,
has a cdWpRss i EghYtt li‘eiﬁﬁ“f%r?se@be%@&; Wl%qge% tc%gl%% YRS coﬁgﬁegmtéo bond pads.
| n anot hefsigréiasinient). t he spacer (924) has a corrp05| te constructl on

conprising a solder Sk coypled to a si clng mat erd sone
enbodi ment s, TASERLERC H’Eé’ﬁﬁ’)‘iaf %ﬁb?ﬁéerﬁblggﬁgéf“%ﬁsﬁg%(?gaeslae fs & aﬁ% silicon
spagi ng (9?4)9%I @Eusfsyédeh@ﬁ9FQfﬁéfﬂe%ﬁf@odlﬂlent@rhaMhthmdumﬂﬂisfocmttpigehb to the
sol der mask trated in_Fi gure 9, . spacer/ hol der g é6) of the
opti cal optipdsiseEnn (90@@@61‘}511@6 disgnesps bgightteppm s Brage RRNSHFE 8% St senbl v

(904). They g&HP(sfﬂﬁéjo;J&%&t&neﬁi (ob&eut Qmebptﬁb iS44p pRne By sapiage elfbal der (916)
and the senSor subassenbly spacer (924) can be set to any (gﬁé' (gd val ue.

| n some feedsepicaeldl ®), infsome é@@mnts,g%@sm%eﬁwnﬁl@q cgﬁf;al 6¥emgﬂt
subassenpl y der 924) i s
set to g;ﬁ O\Pa%ﬁlgﬁl I[@?é)l d&?% %)élioﬁFlgeng ﬁ)@§so§pa§elr' PADS R HRleperdBRGE the( 924)

or ot her ogpca parameter of the
optibcal slpamghasigera@malaadthsopwélemﬁh@%b@mﬂw pubaggpntofcogpledistthical i magi ng

appar at usélcref/ %lg%r)ié"w? lguﬁd/or tﬁ Io;%ﬁ:lald?et GHF?B@D I}{\‘alrlcl}l%éfr%;n%&ﬁﬂﬁﬁ gfbcﬁs}%a%e or nore

opti cal e op I'n sone enbodi nents, the
conbi nect9tmnghﬁqtlmiouamtbmd spader/aolbag$ ot tﬂnesmméqﬂﬁm@it(&%) and a sensor

subassenbl acer is, at t about n ot her t he
conbi ned h)el‘l ?S%‘Foréﬁbﬁbetn?b %f %h@&&’&éﬁ%ﬁ?ﬁt acer ?IH%F% IRgé)%Ea sensor
subassendhir gpar erhe bpacato14 oethe Wénsdr sﬂﬂﬁsselnﬁblﬁmﬁmees ar&peﬂmrasmmrgaed he
sensor size is sufficiently small or ﬁ’r@ éﬂy‘ofp % surf.aces (not
shdwn) arig ﬁhﬁé‘?nﬁ’ﬂéélemﬁmt(ﬁ%%l dhige Hlé‘g?délﬁemtﬂ s 1&dC RPYITS 8% an opti cal
20subassgyhly 9?@%%}74@&' ads%ﬁnc%ﬂﬁllcﬁ)r Sans @3%%@%%%&0%6@@&6 edgionapy®s from

about 250 ri mto about 1. I n sone enbodi nents, such as wk?gp{jar ger

sensors Opﬁhéleé@ﬁﬁ%é@ctmﬂ@ﬁﬁﬁﬁﬁdl&twn{fﬁﬁei"@épy HispREeR %?g&“gsagpa?:ré‘iu? er and a
sensor S@Qﬁ%ﬁ | h BOREE (odsRRgESa | §iR MeabiRity clenfniTnb R tRkPALEr n%z@ @m or from

about 1 further embodi ment, the conbi ned hei ght of
an opti csatnesmlba@mntb,l@Oesm%ﬁﬁﬁ@de?1€%mﬂaﬁn§@ﬁ§4}?ﬂ(§llﬂ%§§%EW)?P%‘Bécer is

25| : ;u: Eange @&%g)t topl?osjen e%m&{t S@&g InlollRP et &ﬁ'ﬁlg:n?ts @H@sfhape of thepednlrk USt r at ed

he’ optica magl n paratus (900) can further conprise
eI ect i qake)domedivtithin IG5 )92 upY eulvd to reshet Sengorninfkidienbisying904) . I n sone
enbodlne el ectr,ical cuitry (935) coupled to the sensor assenbly
(904) id ‘ioﬁ%h@g 368?111%?}5@?36%% |y the sane as that described for the
optical i magingnapgaiodinists( ﬂﬁ@bac@x‘f@ﬁ)guﬂﬁlpﬂad tcsﬂommaasr@mmﬁnlte@emmgponents of

optical imaging apparatus of the pres i nvent ng

appar at udergt ﬁ%@ kb’r%é’ﬁfnof%‘iﬁé‘ﬁsc"i’e atery SIBF%“% %cﬂn rﬁ%ﬁ{)é ads ge a first
opbical agypgﬁ(g@mw oo@yIpri sing a radiati on transm ssive subst rat e
conprising at |east one optical surface. herein, the radiation

transm ssi ve Asiisstiped ’éﬁrelpﬁh% Wré?%é)ﬂftﬁ%?ﬁnéor SBBar?fj"r“? BEANaYE (AN ¢y of
optical SHLERGER: I MR ABLIRAL CRIREAILDROLRLD LAY formed as a solder mask

on sensing element (922). In another embodiment, the spacer (924) is formed from a non-
conductive or insulating material on sensing element (922). Any non-conductive or
30 insulating material not inconsistent with the objectives of the present invention can be used.
In some embodiments, a non-conductive or insulating material comprises liquid crystal
polymer(s) (LCP), fiber reinforced plastics and/or other polymeric species.
In some embodiments, the spacer (924) comprises a composite construction of two or

more materials. The composite construction, in some embodiments, comprises two or more
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In sonme enbodi nents, a radiation transm ssive substrate conprises any
suitable type of glass not inconsistent with the objectives of the present

i nvent i orwolzn1oaviness enbodi ments, a radi ati on transm ssi PeTAISRGIN21909
conprises any polymeric or sol-gel material not inconsistent with the
objectives of the present invention. In some enbodi ments, radiation

5t r ansni swievials geipjere poe arether.i Biesprase (9t ingomg cabpERSRES2H R CHBPYHEE r y| at es
such as | j > I ligd € or

it ur o5 LR G b et o KR AR o, X e ibst rat e
conpr i sespaoerd94) has ptammbiie gonetfuchgrt ¢onapirisiog p feldergnask poupdadeo asiioell nent s, an

tical f [ | g th ] ' t
oper abl e RBEAES An gt B R Ras R DB P HER o BbRIRTL: ot .

f or exanmpkiicoragpacipd matialfuitieacenprimporese sioee o peds, cospnt tvks sodjsher i cal , or
aspherical shape, including surfaces that are sinmultaneously concave in
sone regfnﬁﬁl‘s and convex in others. In sone enbodi nents, wherein opposing

si des of the Aafiugtdiddnn FigansITispabMe]ldeu (38 6) 6ittke quitplrsusasaily sabupdadrtbaces,

t he opposing sides in conbination form.,a bi conyex,. bi.concave, piano-convex,
pl ano- cofRAYE D24 85 e SPECRRRSSTERYY 6104h elfStoP R mﬁ%ﬁ?‘%}ﬁﬁgﬁ’fﬂﬁé‘fé. In sone

embodi MegiiRsseABlyAPIdeIRIdS YO TAGRI O BRI SES s nibly s%pﬁ&er Wﬁédlﬁie sepea@bl e to
sel ectively pass or selectively block regions of the el ectronagnetic

spekdt r unesired valug. fin somecrabRstF B A xarBR.tetombited 46188t YI" PR adi ati on
transms %b%%eﬁU@%Fic@/ﬁolgé?m S6d AMs? Subem8lyapscePlo2h pdis@lid PRVIIE @RS SSi ve

;
polynmeric materra described herein. 20Moreover, 1 n sone enbodi nents,

optical desbdtesl lencth drortlhee dptdtial pacarhsferof theloptiah ihagineompapizh 905 sihge
substrate. 0 r ' [ uy f e or Rdkndependent  of
t he radi g%c?lc}%ng[% gﬁ%ﬂ?ﬁﬁ%ﬁ\%@%@??@&é fglf\ééa%g’g‘s%gﬁgg%y 1coupll eo? or deposited
on the radhatiecon Maransithissifees sfiths bptahkesubdsserailper enbodi ments, the opti cal

subgssenbl i es, conpri se..optical surfaces, that ar ] a

subgtsr ate. I n"S8ME® Er%dd@?%ﬁﬁes‘fo %bl}elgg%lfghtsou ) 3@%021 %gés%‘gﬁgﬁsﬁgﬁ%%aﬂ substrate

ar e nor eattd fefoisibAsRMBBSpadce isi ab kast aSoutl € ramm Snrcaliee dmbydisiems thadotdihegol yner

or nol ded gl ass wafer optics. n gptical subassenbly al so conprises

one or ah‘ﬁgtﬂr‘)gﬁr? ?Rflcﬁlfsug%%@% ?paﬁer@ﬁgfg’éarn%&fse%tgﬁr ??Sﬁﬁglygﬁ%célélg 8?%‘1 y can have

any shapgydudt nin CaResEEeHich W WWhert IR selRbegid iy agficitntlynenafiioe s&difiondDi nvent i on.

In sonme enbodi ments, a spacer, of an optical  subasser I% Cé@rrpgi ses.

subst ant P%HCP&SUEfP%?_ﬁéHOt ghong grsdnclyded dyihe leapiesign BRCSTRS b P Yropifelopt i cal

subgs s e l¥ssEABRsHREShANE afd 2 BRES sLELRIDRAhQY LIRS Pém bBduRDSMfirf toper abl e to

receive one or nore optical elenments. As ‘described herein, in sone

enbodi meshes! 1.8 mpaliepme srbpdivents, supfugsevibaaiicasors hegpusined ks ebtint of

glpficz;Fn&&&?ﬂéuﬁasﬁ&%l?&ﬂa?&/lﬁ%?bﬂ& LUt By APAdeF BheSURAS AR &y Of the
mm to about 1.5 mm or from about 1.5 mm to about 2 mm. In a further embodiment, the

combined height of an optical subassembly spacer/holder and a sensor subassembly spacer is

25 less than about 250 pm or greater than about 2 mm.

As illustrated in Figure 9, the optical imaging apparatus (900) can further comprise
electrical circuitry (935) coupled to the sensor subassembly (904). In some embodiments, the
electrical circuitry (935) coupled to the sensor assembly (904) is the same or substantially the
same as that described for the optical imaging apparatus (100) of Figure 1.

30 Turning now to components of optical imaging apparatus of the present invention,
optical imaging apparatus of the present invention, in some embodiments, comprise a first
optical subassembly comprising a radiation transmissive substrate comprising at least one
optical surface. As provided herein, the radiation transmissive substrate, in some

embodiments, comprises a plurality of optical surfaces.
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WO 2010/ 091053PCT/ US2010/ 022999 i magi ng apparatus. |In some enbodi nents, the
spacer can have shape operable to further restrict the anount of

el ect r omreyoebioot@di at i on passing through the optical sweobaasendoloy2999 n ot her
enbodi nents, the shape of the spacer does not further restrict the anount
el ectromagnetic radiation passing through the optical subassenbly. S5Spacers
of an opti cal Insabaswbedingnts anadigiondiasimisRiesdbTRIeLATPHES RREYIARE BPFal  not

i nconsi stent . .wf. j:8GH ] i ' RaRE

emboc ot aus SRR ERhE KRB & REERERcnl B Aol bt

r ei nf or ceehdpmibly mersinissve spBEhte eomprises Al polyFidnieor sadigalrarteread nplol yeri ¢
materials, in s nbodi ment conprise ass. f] e :

t her mopl %?rfs@tﬁ?ggg]? ﬁ’ﬁlogje&we& Pgl%’g Py nélrnv?rglgiﬁ'f znrsgtedggﬁﬁgélﬁn%g%ga%g?oenri als. In
somg enbaglisAeAte pollRaris paessls afchada polptaraabtes alymbsenybites sedmsipolyegylie LCP. A
LCP spacer. . may be fornmed b vari ety of techni,ques including, wthout
limtati & Pﬁ{\;mﬂﬁw[aﬁa BOIV%&%?’]H@}@FI affror Btupes t Beog desired shape in a bul k
solid form |Rs&Romee bR 8 Ridatioh endiassarkisabstrhte @mpdises hnd dren Sypaliter of an
optical subassenbly is constructed is ope{ able to absorlb one or nore

wavel engeheptiss! spzeat e FapeBpents 30 ePHG % PRI SR 195 PR ght i n the

optical [JBgRGAIPEEREMSperkBlk b RRLcEWIR lesMagndiRira®a@dapl €, a spacer of an
optical subassenbly conprises a glass fiber reinforced epoxy resin. In sone

enblddi ment s, a sginaswbgditbents, fes ¢rBple et WHeM JFES PHRISHAD? FENES BRIAYS: Cer t ai n
formatio FR- g LoV - M L 1€l i er mal
ﬂs%g%%ﬁ]:,)oﬁiasﬁyh%fc% %I?gér{l %&ﬁlﬁ}xg difadk i £58 FhnueARbhdIF EGRER iREorhd)

expansi o ctions. For exanple,” in one enbodi nent,
t he spacegiomatetdoavexiis othhar &tsomrd xawdimentsevaareiv epgosingrsigies elobe faditieht  of

t her mal ion i il ; € 29 |
oo RPN Rudla? C%%rgsrﬁgpgcgah (8RELORe gﬁ;g)sgﬁgfa@émegﬁ%wn RRL! er

coeffici ec stanti ' orthogonal
di r ect i obiconMak,DidhintdveraoeconvexCilEnsreynchve, psitivangeisas canegatidemenscusagni t ude
(e.qg., apout 175 ppm degree C versus about 14 ppm degree C in orthogonal

dir'ectioff8y. In such cases, the spacer material may be oriented so that the

| east anpunt Rfsokbembalimexpanspial aefaty Sniphises adiltee atricdnl epatableant i al | 'y

parallel to the optical and sensor 25substrates (X-Y gi rection as shown in
¢ Pk vl r

Fi gure 15elecBVelppase ShisHalividy Yorkaregiop GUOBREANE SHF W™ | t hus occur al ong
the optical axissmé émBlbdi@edts, @Pti@s st oM bnitRe falligtidrerahbmisdine subprate i cul ar
configuration may help mnimze stress_at the adhesive %u ct.ions over

t enper at eAreprish ampedhe $lpss 9nERdEEpD HAMFERISIVE PRlameTia pateriply desgRbyieredy

subgsse o ’ &l S@fRIBE Birindd digktly bE (eRaG&loni N the sensor
sug%gse%%éolv?rhﬁlggg&gﬁag%ﬁﬁﬁ@%t# t he spgcer irn thle 3%Opti cal SOSbassean y is

const r uctregmissiva setisfriter brathansmdedinlentasoptiprd sefgesrre faimeh g derand eyt of the
subasse n}%ldﬁitiof ggns%)fs@]fqg Liirstrhef ?mcf Ql{%l%e%lﬁeﬂtl? bilfe LRdE e SHPRTSRIRIY MaY be

chosen t 0 have a coefficient o er mal expansi oh that closely matches that
of the otrhemissateutisadts. i n the opti cal

In other embodiments, the optical subassemblies comprise optical surfaces that are
25 formed without a substrate. In some embodiments, optical surfaces formed without a
substrate are more uniform in cross-section, as demonstrated by some molded polymer or
molded glass wafer optics.
An optical subassembly also comprises one or a plurality of spacers. A spacer of an
optical subassembly can have any shape not inconsistent with the objectives of the present
30 invention. In some embodiments, a spacer of an optical subassembly comprises substantially
planar surfaces. In some embodiments, a spacer of an optical subassembly comprises one or
more recessed regions or interiors operable to receive one or more optical elements. As
described herein, in some embodiments, a spacer can have a shape operable to adjust the

amount of electromagnetic radiation passing through the optical subassembly of the optical
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subassenbly. Likew se, the spacer in the sensor subassenbly may be chosen
to have a coefficient of thernmal expansion that closely natches that of the
ot her matwoi2alo9i0s3t he sensor subassenbly. The spacer POTIUSR019A2290Y
subassenbly, for exanple, may be silicon. In sone enbodi nents, the spacers
may be constructed of a material that has a coefficient of expansion that

| i es bet weming dpatraws. Inhsempambedimbns,Wsewpaden carneve grapeaperailplade@ithl y and t he
materials used in the.sensor | Vooi B rEbRE0E, RNt s, a
spacer igesglﬁﬁglﬁ anopy of %8&1?@@5%#&2%%%%? pgsﬁ{ngé}gf)g%}gPée)éPt@nsgot her embodi nents,
t he spacethsr emydbeentspthesithpe of the sprecrstors ot fathdl wstrioghé sadunhaf er usi ng

| it hographi c techni ques. For exanpl . spacer be formed of a sol der
mask nat glteftéclm%gﬁﬁtfc rf"gatbol?iplaﬁsnﬁptéﬁofq@h%&gtb a!oséla ﬁsil.nﬁy' A spacer of an
optixal subassgibk ¥fan dptissREbawhDHi cmebE Sonstanchafaey desited maedalhet ght 10t hat
when coupled to a spacer of a.sensor subassenbl roquces a conbi.ned

hei ght hEFPHEE VAP e ng?ﬁ%‘f‘—’is BEEE‘C REPEL L vention. %i%?ee%% ‘,mer“%’ Lipgeer of

enbodi MeR{ SpticasuBRkdEY céﬁ%ﬁ;@e@&ﬁ@@@@ﬁ@i&& pSfmtfiecopipesienhatetateRibion f urt her
conpri ses at |east one additional optical subassenbly conpr.i seié#g an
addi t i oneginfprsed BRlyBeriq PaiprAs. dxioms cEPRdimeReCoREET #aIsHR RS "one opti cal
surface and, af,oaddihk 8PahssHRBCRIfordiBn&inob & afteriaR e IAdddictn®daimenR! i cal
subassen@igy (?ﬂgascoupﬁeld togitsﬁe fi rslltoropti caI0 subaélsenblé or an_adj acent
optital serassdrhbyticahsubasgbmblyeompritics f bRBI At wacer iy dgAum8dS%di ments, the
at | east It ' SRR dif @ TP 1 R&Brofm BE WEidk id & Of

addi ti ongﬁQgp(g@gérhy%lrmel?ﬁ%’ﬁﬁéhggtgpﬁﬁggdl splagers qzl_reocoupl'eldkt o the first
optical desbadsterbine ik shid dejrade stmoghbaihersy Bwgwaerisl from|wideh/helsparer
conponent s of .additional .optical 20sub | i i ijyents, are
sel ect ed*f oS ﬁu%afgsef‘%é' 1§§o st etes(%lrS X eé‘%agg)?%ﬂ%nrs%ne J)rr}nérgiwéﬁ(?e iOII%Fust rat es
an opti caldiatioRgieRYy a@pengdagertdiot dnay ligiarip theobtig] amgagdipparemal opt i cal
subassenbly conpri S{’g‘ﬁ an additional radiation Lr gnsm’lﬁsi ve r%lég)gt rate
conpri sing at 1985 EPOXHReHIOF exampl, p FRace ol A CRIFALHGFPTBRAICCERAEE? accor di ng

to one ephadiv¥eRinfelked HRxPrEMEM sdniveitoldBients]H glagiibieC@inforo@ipogy apipar at us
(800) of Figure 8 conprises a first optical SSEg@%senbl %102 and a
f i

sensor stERSehHRy- Ceray formabonsiof ER-4He proyided ) A8 (PEHBDYS Yonpri ses a

radi at i OphefhARRHNSiISH TS P SirfeRhEdifcb8s. FONMXahBieNt dhe Pbbd@meiitythokpaopt i cal
surfaces (108, 110). The first optical subassenbly (102) .al so conprises a

)8, . ] . (
spacer (mayial iyparagiraiaed by relpgyely qogigiegrofabrampl fxaanciPr4y a i gned with the
Pl ugal i téﬁré&iorﬁ Rid zf:&tlbst%faflggrﬁﬁle(ré ficidnt OF therd M e SRRSO insUBasenbl y (104)
conprises at |east one sensing elenent (116) conprising a 30photosensitive
regi on (4®6pntly oathsgraslatire¢tion? Thisthierenradet TE DRy )e 6 lardees g pxist ofwaf er

oot osengreTyBe Faty Biul 73apmReREREdatbl ekl PamIace ChaTBkalel ho3)
conpri segirarosldint sucinedses; thel ispeceomattriz msayibs siivreedsioobat tlzt leasf 80&)nt ebnpri si ng a
pluralit %erorrflal %E;Eaing’igila ocscldrrsfir?' & Ged i<8)r9 gﬁbs?a%tqglly p-lz;pa?lel to the optical and sensor
25 substrates (X-Y direction as shown in Figure 1). A correspondingly larger thermal expansion
will thus occur along the optical axis (Z direction as shown in Figure 1). This particular
configuration may help minimize stress at the adhesive junctions over temperature changes.
In one embodiment, the spacer in the optical subassembly is constructed of the same
material as the spacer in the sensor subassembly. In one embodiment, the spacer in the
30 optical subassembly is constructed of a different material as the spacer in the sensor
subassembly. For example, the spacer in the optical subassembly may be chosen to have a
coefficient of thermal expansion that closely matches that of the other materials in the optical

subassembly. Likewise, the spacer in the sensor subassembly may be chosen to have a

coefficient of thermal expansion that closely matches that of the other materials in the sensor

14



addi tional optical subassenbly (802) also conprises an additional spacer
(812). The additional spacer (812) conprises an aperture (814) aligned with
t he pl ur avotzgioadiaspt i cal surfaces (808, 810). The apert Bce/uSedidp2mb9 t he
addi ti onal spacer (814) is also aligned with the plurality of optical
surfaces (108, 1#3? of the first optical subassenbly. The additi onal

5opt i cal suatsamsbndihy sgagery th%e@ena&ﬁ&%em@%ﬁﬁ@@@@@z manhbg digons ib¥senbl y
(102) thranohstig tl?ecg(rahéeﬁrsorﬂ beSRAGRE el B2 dnterial that hE AkBicit b dxPfsiodt s an
optical I1nmaging dpparatus turther conprising an additional optical

subass entilaylies baprees thatofdne maldiials owndin thedptael whasserany mdthe petesgbysedat e

conpri si pg{hggengéarasglg é)en%lopti cal surface and an additional spacer according
to one efpodiTENt of trrhey'present 10i nvention. The optical inaging apparatus
(10)5 of Fi gurla oh® ocanperanbedinents] a sphceo ptadbatd ®ubass@rbhd/orcbfyal antera sensor

subassenpl 14). .The first optical . subassepbl 12), conpri.s an opti cal
el enent nP“l%?e,(r e[‘%?t%dlgﬁflﬁs’cth‘f Spéfeég@ﬁpf gl‘;( ?gfecg%ﬁ%ﬁgg%ﬁ raélh/ro 581&%? f| %aﬁgrtursgl sni ssi ve
subst r at BthodBphibavidighed Périekahpltys phcedpiay baforsied bfuseilef R8sk RAYrial habaf f | e
(21) is disposed on optjcal surface (20). The first optical subassenbly
(12) al sb b h‘i?rlitg%‘%api‘“? Ycer 15(24) having an aperture (26) aligned with
the pluralityaghacei¥fiagdpticatébacasbly 20 sodeimbddiné Mg caoelh deviied héikhst r at ed
in Figure 10, spacer (24) additionally serves as a holder for the optical

el eifent {havhemprapled 4@ & FeRW 108 @ pens A bisermly. Peadugesr capmed peight bparg fon (28)
on whi ch fihe Rt alfl €ement (16) is seated. The optical elenent (16) fits
within the interior or recessed portion of the spacer/holder (24). In the
embodi ment i IMorspyeatie dotheermbagiimentsi @n opfichbignaging garasatusgtipsyreseals descri bed

nor o115l ARARACABRNEEN 2,PRI gk SHETSIE (Bl ARfhekhg aapacer / hol der

(24). € sensor subasse onprises at’ S ne sensing
el ement {d@@jonelongintie tragsmaisphotubsetsiomprising etjicash ofe3spyical Thracs end ar

subassenb] v. also ¢ rises.a.spacer havi n n tyre (36)
a1 T Bneq tiafisntibehofsCR MBTeRE B PudRRR b so ML LA At £ 558 (50
The addi ¢ptieaialibapinmttabr Siddpsas oplioal (whBkermblyphirbsghshanidéddaltsparal Inopt i cal

el ement (42) conprisin radi ation trans sive substrate (45) having a
ol ural i tgstertgaTisa. SapnatEa i tom pPE BB FTPT e GrbEaet on
optical giarfoagiepidi)wheldie hadddditib N ac@Phie¢ahpl&d b AsSRBIYpYicdl 46hasdettibtyner
conprises an additional spacer £48), havi ng an apert.ur éSOi aligned with
the 30 Ylagediareyopftcabybassemblyyfdyedual qompongpsy of agdifiongl apidt e (50) of the

addipt i ONgbaSRAGIRE, il 4&he bsbdlimehtakicGBREedMbR ah6f Bk tindd dekotitell heednl cal
surfaces (20, 22) of the first optical subassenbly (12). In_the enbodi nent

i | lustrated ifigyr §ulfustrates anapeical daraingomarragp degier copgyisigepeddiienah hol der for
the addi %ﬁt@ﬁ%bbﬁ%kﬁf%on%rﬁ{)ﬁ%@h aé&lﬁéq{ah;{;ﬁ%‘ci&ggéﬁs{n@s@@‘s sARAGHELohAPInSRNPr i ses a

flange or projection (5 whi ¢ e optical element (42) is seated. The
addi t i onlaist ot dptiadl setfensend ar Adjtiohpltspacer gdcoidiing to e ¢mbpadithent obihe prsas sed
portion .of t.h acer /[ hol d . : ' [ rated in Figure
10, a focus “s)%a?gerOp?%@)lg?%gé?@%%}sugéé@g%)gxgléﬁg?ﬁcgh{gg?e }sc?af{rétéﬁg&r?gnt (42) and

t hesspacsabiseahiele (1024 8)d a sensor subassemblfh@04d dht fichapticajubsadmidybid8senbl y i s
(40) is cou

led ta the first. optical bassenbl hr.ough .t he
Lo ¢ | orn RS dap el snigy e bsER (D SRR B b ahi AR oL b B Sl
S ubassFrmlb& 106). arhe @it opadal ilmbm@yamaﬁ?@ U@n@ﬁmpf bpeg (all 2l Iﬂllitaépia&eyf of |
optical elements. In sone enhodi nents, for exanple, a uraljity of optica
el enent s &PeOwBHE&a afﬁuf%@ﬁgg%ﬁd VB R Bl AU Blg&e%@%ﬁﬁ- gure 11
i 11 ustratiRsedr ABhiseablyi(10Y o RRP AT HstiSncaeEsH oI &knt 0 18N @neMaRdiament of the
30 photosensitive region (120) and a spacer (122). The spacer (122) of the sensor wafer
comprises an aperture (124) aligned with the sensing element (116) and photosensitive region
(120).
The additional optical subassembly (802) comprises an additional radiation

transmissive substrate (806) comprising a plurality of optical surfaces (808, 810). The
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10present invention wherein a plurality of optical elenments are coupled to
t he spacer of an optical subassenbly. The optical imging apparatus (1) of
Fi gure liwoanpriosess an optical subassenbly (2) and a seRr€@russubas®enbl y
(3). The optical subassenbly (2) conprises a plurality of optical elenents
(4, 5), the optical elenments (4, 5) conprising a radiation transm ssive
subst r at ald{®pnalpiica gutesgimbia(8)elsofcomptijes an adifidnalspacef B12B)Thea paffle (9),
in some tical

el ement (g one: oRER L) LsEPRIFEL R0 (R S LSRG o Npiel T2,
(10). Thﬁn&pﬁc(&% 810) Th@apﬁrﬂusae(ﬁléamfmpedditioral §B3e9r (314) crredsd aligndd wihehel ural ity

f optical 8 | t th
o o SRR re . DL G R alchep ) hOaRBY P passae
i1 uystrapgidal sﬂbeEls@hlﬂfB(gbl) 1sfcb®laipa&erﬁrétb@blcaﬂ subadﬂmblyc(m@ﬂ) It}yo@hhh)é der for

optical elenents 20The spacer/ hol der (10), for exanple, conprises
two recediEipnplsy F“(?ﬁ 1 12) along an optical axis, each recessed region

operable to rfﬁglﬁrb \I@11@1@&&&"@%&102@tr@d’ﬁﬂ@appﬁéﬁbfdrﬁh@ﬁ@&p(nl&g ad 20ditecdEPr i ses a
fl ange or projection (13) on which an optical elenent can be seated. As

i |1 ust rabrigal Sﬁbqsﬁeg%hlﬁéC%&Prlsﬁﬁt@@é‘lh“%aéﬁéﬁfm( UFnsPESYe GFISHIR CoBREEE 4 11) and
optical gleRMptlasufthdeSnihh MdtidnSIGBS%: £e1e81)du¥gqo BhE&ARIdihHe o OBt begdnt €l ement s

(4, 5) in a stacked configuration. Focus 25spacers (14) are d| sposed
betMeen optitionl The entispltimaging ampragisd 1 Q1oé Figyeeclycoppgyes aiffistoptiel embodi nent s,

optical ShENBALS () ahPRohshAlblsthin (i), MelMlidphiceangdmbaginns of the

spacer/ ho spac ol der (10) 'sets optical
el ement scodpris&)anafptitdl elechest (ﬂé)dthdlosmcahdanémélﬁ)@nmplam dwadiatidthe nonol i thic or

glopr;[): P;J;tlfl%sﬁis%l%ec tl#)ste ate LlfSI) ﬁavm% a]?lura n’& of og‘uca su?)ab S 9(') 753 Argafﬁggﬂi'l rrent s, can

opti appar a s co risi pIurallty
of opti c@bpoeécﬁdmﬁlsalbyrfmeemmdhmﬁrsodspnrcddubmmnﬂljnelzmsleo afmmdel 4 Spackal spacers

t th h d ts, th
2o BT 6Pl et R B g bonsoiagrde SRR SRR o > 1
radi at i ogmtARSRdnD GIuEthdftédJlglFxgdﬂel(Dl@lbdcéré(bél}':‘ddbﬁﬁﬁzﬂl}hlefwe( )3 holdee fe e dpticadt | oni ng

as a WO 2010/ 091053PCT/ US2010/ 022999 baffle, i s?*el d erture
stop. | nelemens (b beg sharrrdiolde@4sapEr s Ralaaes Or(pI@T)g'CtE’&r( hé‘}]i‘ég oper abl e

to furt h&{ucél%?etrﬁe'n%l 65 RBe AU opfical Acthalti 1) fRASShiA thelilte@@ rdcbgedpt i cal
subassenbly (2). In one enbodi nent, for exanple, the flange or projection

(13) canpariencafiteaspacer/aoldar@fe Tn regapadimentidusiisisdrin F’(Sflrerlé?d? ferowegsassi ng
t hrugh (tiZlg' 2ORskSRb hgrléglaﬁ%?%m&ﬁ been BYBHEQY glémeﬁ’m%)taﬁﬂ fhesPakkr/MRYer Nave a

circul ar; ect angul ar tical or other shape formed by the flange or
pr oj ectl(@fh) (13) to restrict the anmobunt of radiation passi ng through t he

opti cal subasl% %%ls& %gsser!l y?f4?§§]m§{gagg'lé@ﬂ§ ,’(Sﬁlgs' SOANE(9 ising

spacer/ hol der 0oes no estric nmount ?‘adl at'i on paSSI ng
t hr ough 4 petopisitvalregab@d ) effislsynsp2yubassembly (14) alsp compiseeabmdét®ht s, t he

Pt gl g ke RYA 5% B REPH R B PR AR O
25 (30).
The additional optical subassembly (40) comprises an additional optical element (42)
comprising a radiation transmissive substrate (45) having a plurality of optical surfaces (44,
46). A baffle (47) is disposed on optical surface (44). The additional optical subassembly
(40) further comprises an additional spacer (48) having an aperture (50) aligned with the
30 plurality of optical surfaces (44, 46). The aperture (50) of the additional spacer (48) is also
aligned with the plurality of optical surfaces (20, 22) of the first optical subassembly (12). In
the embodiment illustrated in Figure 10, the additional spacer (48) serves as a holder for the

additional optical element (42). The additional spacer (48) comprises a flange or projection

(52) on which the optical element (42) is seated. The additional optical element (42) fits
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sensing el enment (16). The sensor subassenbly (3) of the optical
i magi ng apparatus (1) conprises at |east one sensing elenment (16) and a
spacer (w9 20tv9s@acer (17) of the sensor subassenbly (BrTas2OI0I®Y9 an
aperture (18) aligned with the photosensitive region (20) of sensing
element 15(16). In the enbodinent illustrated in Figure 11, the sensing

el enent Witk thsgpisriprcas secasss@ poGomelibe Brcaiikper (8b)in Hiesmbgdimeshot osensi ti ve
regi on (g0 pReH LG 1t00a %h@gﬁacél(%w&%%%tv@eeﬁ adi ik @leﬁl%ﬁtethMea@ld by the

optical 1maging apparatus (1). In conprising an aperture (18) aligned wth
t he phot sepesenlioldsr (484 on (20) of the sensing elenment (16), the spacer

(17), in so

Fadl ati on pactEquahyR DL SRR s A% LRpM R N BRAAOIRESEINE, i ve
r egison (@O)thrdughdtehddltlemdquhcaﬁwﬂckr(4t8he shape of the aperture (18) forned
w t hin space ict..th t. on passing

eto.r a di

t hr ough to tt‘}gg %)ff’g%}é/irlfg?”tt? \%O?tgﬁfsghasf%lyo nongl\(}"g lmg%l%%%pé)a%%uf?) can have
an% con?r%clrnqﬁfrsd:soarplﬂeﬁ@rolf b@td:aheéremfs finkorAe @placidnernd, fdrkeassa s phgaldy obpt i cal
subassenbl illustr n Fi 11 cer/ hol der (10) of the optical
subassen®ft qngages@é}g]ﬁﬁgﬂtlhf&pag é’ég’i’“’(’ﬁﬁg‘gﬁﬁ Epsensor subassenmbly (3).
The conbi ned Migirght il0btrddianQptita hapsighppa ey osRRAE DANGSIRIIMdnI 6 thand t he
sensor subassenbly spacer (17? can be set to any gm red valgts% In some
entl8di merresnt inpmtipn ahpre, 2 RIalY ohpRtitele HRinGHe BTuPh (DIE PR CdBassenbl y

spacer / hglidgrsuftQmpandrid paba Ghacs 8RB oS PRAGRN11(chhbribes af 8ptidaP Provi de
the desired focal |ength or other O%)I cal paraneter of the optical imaging

appar at usibgssymbly (D ah e agnsauiubesegntbld aﬁh%?ﬁtﬁ%lewbqsﬁﬁél@]ﬂh@) SpPREsEt Us, in sone
enbodi ne re optical
surfac es&%%htly %%tpct%} %gkfl&{t% g)d gl\énlilgwc.aq ggﬁgﬁpgg 515%?;&9’ glngg ??df?raglr? ?2 t hg sensor
s u bassentidnymisies subeﬂrat@ tﬁmba‘ﬂsga plusphodopice? jurfames The. 4 palerPhisdme (10) of

Opt'é:rr?b (dsub S5 € 5)é/ed%)Z)o S gu%égégsigf%r?tég eﬁ@? 4l;lg el enent (16) or

cov rglass e sensin I n such enbodi nents,
t he hei ght ofThbhﬁtlcasmﬁemhlgl(ﬁ)eaﬂso(cﬂ:&)arims atsjmeo(dt)} CHle spadaa(sl@)amnippsm set to

provide the desired.focal.length. or other opti t opti cal

i magi ng APt &{sﬁeli 28 Ve o Ig‘ér Itlyloﬁg?tl’cﬁ{sélbfgfeﬁ%zlgégf%p%rfr% © etnllle[1 Séa rk(?cal

[ rrag: ng t@@?@’ﬁﬁiﬂlb@aséa]g)e o@ﬁiglzftlkiﬁﬂfﬂiﬁfgh((iwltlbﬂgulﬁilsﬁﬁibﬂn% (czgl InGthe eubddgyerﬁ 3|0) |
coupled to the sensor subassenbly enbodi Sel ectrica
ci rcui t rijlustatsy iR Bigptedd ‘E{BSEQ‘?@ (dRHg ‘%Pé‘%ﬁ‘%ﬁ?r}&(r 397 qpll Cgﬁgen?aﬁé g?

subgt ant Rl sbé/ceﬁ/ﬁ@dé‘r%f@ @p eia'ﬂﬁ)‘le dassistded taksdihesionrt(i cab) dsmainngtiagpar at us

(100) of Figure 1. Turni ng now to various constructions of sensor
subasseniis exsh ateespd fegion operablr iyeegyranaaptieal clemsah Jrh geasleddl y conpri ses,

in some &Hﬁﬂgesrmhge ox%oﬂe&f%ﬁt(lﬂ%ﬁ“%?dﬂ%h%gn@ah @l@ﬁ@ﬁt caﬁlge QAgdonsa plurality of
spacers. her énbodi'nents, "a sensor subassenb og i ses at | east

one sensilpratst enBigtredn dopdigelslansnt @o fisrviten woesp Ade Iﬁnd ?Xélc anbSd fitser ei n,

within recess (12) to present the optical elements (4, 5) in a stacked configuration. Focus
25 spacers (14) are disposed between optical elements (4, 5) and the spacer (10). In some
embodiments, optical elements at least partially fit within recessed regions of the
spacer/holder.
In some embodiments, spacer/holder (10) sets optical elements (4, 5) at the desired
distance from one another. The monolithic or continuous structure of the spacer/holder (10),
30 in some embodiments, can simplify construction of optical imaging apparatus comprising a
plurality of optical elements by precluding or reducing the use of additional spacers
associated with each optical element (4, 5).
In some embodiments, the spacer/holder (10) can have a shape operable to adjust the

amount of radiation passing through the optical subassembly (2), thereby functioning as a
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t he sensing el enent conprises a photosensitive region operable to detect

el ectromagnetic radiation received by the optical imging apparatus. In
sone enboaprER®I0sBhe sensing el ement, including the pheCodasasiooe2e regi on,
conprises a sem conductor. Any suitable sem conductor not inconsistent with
the objectives of the present invention can be used for 15t he sensing

el enent , biffielighti shigld drepphot gepnkisping emb@gmeﬁs ther“ﬁp@@#bdé?ft{e@l Hehts, a

ser condyetor SRYIL LAY R AP YR BGRANSLEL, ol wlopacs |1 con or any

conbi nat T 6R° GF" n anot senm conduct or
conpr i sesibassGnily )l Ihh O esmmdnmnddi@temmldp, tbze ﬂ}me@lpr prpjevtionsf) cab fiehatieror . | n

nmbodi h f [
27201 ocat PR apbeyn A GRS Bhhoh oL RLGR o E AR ETED PO\

fsengor mr@na&p&m@@h&é&@ havetisculal, ﬁecsmgelaera‘m@dcaimmthe;r stépe femmddy i ncl udes
ewer pixels (e

. CF | F),. or nore 1 or r e
I n one e%gﬁ’il%?é’ﬁf’rm%“%ﬂs’?%gre Mgt s Am quﬂtccﬁl%qeﬁ’ﬁn ﬁ%m}%ﬁ%@@gﬁegﬁtg@% rZagl on
Conpri seghassCHRY 99, toblbeghdemias, heHape of e é}ﬁ@érhﬁ[dee(tbg)dnbe@ﬁmﬁurﬂ&rsenm ng
el ement including the 25photosensitive region COB@ es a conplinentary

net al oxicdECBORBYREAEIEPN PENOBS f%"rgéﬁliet‘@é‘t’%s@assg 5 of the sensor

subassenbly GaRuGOREddRReRY) Yhe%&c%f/hﬁhergm) ptdERO 6} &ki8Rtn Wolilinkhe obj ectives
of the present invention. I'n sonme enbodi nents, spacers of the sensor

sublds s enproperebaprdns ef thagptisel gleneensedi Doritibe mot%altsetweé%%@%f thed herei n.
30As desgr 1 ggegﬂg{tg(g t he spacer of the sensor subassenbly can have
various construction In one enbodi nent, for exanple, the spacer is forned
as a sol der riEskemsor wem¢m@yé3)aﬁﬁ1¢t0ptl¢ahlmt8m§parétﬁbﬂd|Cﬁ1@m1365 tHeasspacer is

formed froma.non-co tive or errent Any
non- cond PV eSS g@l%gt 1y PRET :g)]? ulllh% %Qgr q%t(ﬁgflleggt%%? Slsm[ﬁg%h%ﬁ’e obj ecti ves
of the psgeits annpeanirt O8) elignedeith ﬁ&d;hoﬂosenmumregwbcﬁm)mémrrmg elgment

non-conductive or sul atjn ria fiber reinforced
pl dst i csU8hdPde & br‘?g b’{uﬁiﬁgﬁ“iddn E]&E&@ lest SBensing elelrr%?n{@)%recom hodi ments, the
spacer CQi¢dn8@soravEQTPDIali@g 6 PAGbIcHEiteaBgioh (ZOV\Dpemz[blmrcEtenﬁt erials. The
corrp05| te construction, in sone enbodi EZI two ar. nore

nts, c
Smat er | afl&clOBABIEE AdiRtigR &ecgived Prethe Oﬁil“fé{m g{{lg,apl%} TspBHi et s, has a

conposi té‘peﬁﬁ?ﬂa%w)ldﬁgﬂe@'@vﬁﬁﬁpﬁﬂ&ds%ltﬁ/e%&&ﬁ(mm&l& s%ﬁéiﬁ)é gemé (bnde pads In
anot her enbodi ment, the spacer has a conposite construction. corrprdmsél ng a

sol der nwgter €Gpn aeme eymbodimeniy BPesIP BRI CHgreAteT Céﬂomagff?tlg GHteABES rent s, a
SPafer C@Fﬂﬂ ic'agelé}ne?‘l?s] @e%c E}h&gkb%lﬁge {eQioft ( | b QRersRAOHRENRBLET | al

further ses one pads coupled to the sol der mask.
shape of the aperture (18) formed within spacer (17) may serve to restrict the amount of
radiation passing through to the photosensitive region (20). Moreover, spacer (17) can have
any construction described herein for a spacer of the sensing or optical subassembly.
As illustrated in Figure 11, spacer/holder (10) of the optical subassembly (2) is
25 coupled to spacer (17) of the sensor subassembly (3). The combined height of the optical
subassembly spacer/holder (10) and the sensor subassembly spacer (17) can be set to any
desired value. In some embodiments, for example, the combined height of an optical
subassembly spacer/holder (10) and a sensor subassembly spacer (17) is set to provide the
desired focal length or other optical parameter of the optical imaging apparatus (1). The focal
30 length of an optical imaging apparatus, in some embodiments, can be determined with
reference to the one or more optical surfaces of the optical subassembly.
In some embodiments, the sensor subassembly does not comprise a spacer (17) and

the spacer/holder (10) of the optical subassembly (2) is coupled to the sensing element (16) or

coverglass (not shown) of the sensing element (16). In such embodiments, the height of the
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10 I n sonme enbodi ments, optical inmaging apparatus of the present invention
conprise solid state canera nodul es. As provided herein, solid state canera
nodul es ofothm/qEr@ssent i nvention can be used in a vari ePgTafS2qoch99% S

i ncluding cell phone caneras, digital caneras, toys, conputers and
autonotive driver aids. In another aspect, the present invention provides
net hods ﬁfac?fﬁll@idﬁgﬂ@b‘?fitb%‘PP“Fﬁé@‘i’%ﬁﬁ@é’ﬁB%r“at’rl%l.deE?§dﬁ%@érﬁi’%}a]&n?hf’f her herein,
met hods i i bi SR odi ments, can overcone

di sadvan%é@@ggﬁ%gﬁﬁg&r gﬂg}r{?gﬁtk%gﬁa‘lggct uri %gr(ﬂgr actices by providing a
plurality of Anidfisiatdan Figpte ldathe ppingl imggiap parasatuss(1} eandudgher finiseassenbl y
and sing 1.9n: I ) i : . i a

ol ur al § ¢4t B B0 GBI L PR EIRAERY ) A Ehe SR mRE S, i ng
waf ér coelpetiisil pigeudryp(30y @upley toothe sepbar@sdemblyl{asis éretshine o1 subktentapy theal

subassenbl i es ..c rlsi radi.ation transm SSi Ve trate having at | east
one opti Lot U aglt}}a? g%‘énbaeﬁggratg%o g%%lrlmg g ebprp(%{/aiuéi(ﬁogb z(fglgﬁrg’ﬁf waf er conprising a
plurality of Befsghowubasiserdahitastiolsiu seeirsobassuibdisseivptica smagimgpr i si ng a
sensing el enent and a _spacey. The spacers of the optical subassenblies are
coupl ed ¥BEHE assﬁﬁsc?éF‘ébagsFmgkewElBH%eSTm&fB%%W?néss QttISaS?%“oe $POAE de a

pl ural i t Me@éntjad S1RGr @PlUrARY of IFBGHIIIn SMPBEModEnen®L sddksifsabdsiambdf | oi ned

optical imaging apparatus, are singulated to provide the plurality of
i ndiOvi dusamibises & LPStioRaERnAGE Sispahtafd does not comprsg %?WF?’EQ%H&%“B@‘L‘? "}{‘E’o t he

figures, WELGMHhE eRmeht déﬁ'%fi%%%h@t@seﬁlmii/&l%lgio%f)é%ﬁbl&%rﬂéfécﬁélélﬁroﬁlagﬂd% ality of
optical subassenblies. The plurality of optical subassenblies (202)

conpr i seragiaBgy gerivadibyibe ersisdl Anaging eraanst Feoaecahedimesitpihf s5%gsa plural ity
of optic r; [ ' S in Figure 2,
t he opti %%31 éH\A’é%%?&deél\g/ggm%%&%\g r% %glluaat8 rlngﬁsté? ?génﬁgreﬁsnsd g{:t\t}g éﬂ}ﬁgsu? ?Oa{% e (206)

havi ng tseiopticalnosinednaisest (id0be obiedivesleffbspressdt inhentieppan brhusedior i cal

L . f i . Vi t
sungssenylLes, 2000 MEAIGE EIROLGE S AOREEt: CEaRln g a0 sperture
enbodi mewhscontliiveorspapedes a W PAVeNBELOGBRETAIGHDY OliGR29 88y (dhilfiyatios ofr ovi ded

f l ed.to the. i cal . i Si t di ati
Fr ansm sgrve ! LoBerS: B Fo08)endiRg  aoerisan S Fantet Loe b 288 I A of her
enbodi mehrscontilittorspacesup(IRVR jeniSondacibi. nuous Wi th the optical wafer

conprising the radiation transm ssive substrate (.206) havi ng .opti cal
surfaces (20 ?SW&OG?%&G@WQOWB%Y? A8 Ogi‘ ailadilg r.ne’@,&@mggygf‘i bed

hengi N, fobal PlaREhrrSMAOHARIMAS arrhy) & Qe EodiSieRASS @M A 8608 prEmgopt i cal
surfaces that are forned without a substrate. In some enbodi nents, optical

sur f acesO40sF3%avral: tiheurre enkadhaentsathe sgiser nglpdes o ¢ eieelsi (R 2e FABQLEEROF on, as

denmonst rgt e (5 8MRoRh %qxgpl ymer or nolded glass wafer optics. In sone
enbodi ments, the spacer 12) " is provided as a spacer wafer conprising a
In one embodiment, a sensing element including the photosensitive region comprises

a charge coupled device (CCD). In another embodiment, a sensing element including the

25 photosensitive region comprises a complimentary metal oxide semiconductor (CMOS)
architecture.

Spacers of the sensor subassembly can comprise any material not inconsistent with
the objectives of the present invention. In some embodiments, spacers of the sensor
subassembly comprise any of the semiconductor materials described herein.

30 As described herein, the spacer of the sensor subassembly can have various
constructions. In one embodiment, for example, the spacer is formed as a solder mask on
sensing element. In another embodiment, the spacer is formed from a non-conductive or
insulating material on sensing element. Any non-conductive or insulating material not

inconsistent with the objectives of the present invention can be used. In some embodiments,
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10 plurality of apertures (214). The apertures (214) of the spacer wafer
are aligned with the optical surfaces (206, 208) on the optical wafer
(206). Thwogpmownosdaf er is subsequently coupled to the epriusadiomadey (216)
conprising the optical surfaces (208, 210) to provide a wafer conprising a
plurality of optical subassenblies. Figure 3 illustrates a sensor wafer
conpri si A§oECHIdustaeior {septingapaierial semprissehbl ¢l b seplorredirRgic dn e

enmbodi megh.0fo1§hgicRp&SENT i nvention. The plurality of sensor subassenblies
(304) conprise a sensing elenment (316) conprising a photosensitive region
(320) and a shaecwe eBadinetiahargacen CapRFsELF NIRIL) costifstiamefitap oymars gned
with the S i Ll i - 0) f J : 16). In sone
enbodi mﬁ@%ﬁgghgﬂiéﬁﬂ \eérgltezcgggfﬁaflééélr%)\r}% ((fg%t@sné gﬂg’?ga g?‘és\jﬁ\g? glﬁmé%npri sing a
20pléur al intateriels caypdadtta pesano824) TheFhasen presamereaodiBRUl, vk achmpespacer wafer are
subst anti al aligned.w th 1the photos itihve regi e sensor
warer R IRET I 4 Gder BelALART Tl s SO LS,

conpri si ggcértas pbohmsensinttrucdon agn@iRtiig@32dpr mokpowplédle aailiwad graciognpri si ng a
plurality of. sensor subassenblies. In saone enbodi nents, .t he .spacer (322) is
coupl ed %’Steflﬁleef’éé%‘? ?@OZ}%F]? SF(a%?éme?‘SI?%Besog‘%éﬁqégg Ouﬁ}ﬁflé aﬁgpoﬁond pads
(326, 32§acink Matdial RABGELIMBIMes bhd dtShdrabetll fads fougldd & tBe sdlire nwelnsor waf er
serves as the sensi ng el enent (316) for the plurality of _Oﬁti cal

( . P :
sub¥ssenbl i esnE3OAFIOREMEHE gpUtat W@agtr@f@P%ratgmfﬁhea&fesgPéeY%B 8YBRTSE coati ng

(332) regideaiORnlehtnsdtids 288 pRvidel 8ereBNK1A GtaR BABAIMII3RE bf ABPRSIk e
phot osensitive region (320). In sone enbodinents, a plurality of joined

optical inverjiongambsosehinisyaggly obarofettsgludion gelbpheps Fareshdigiglcane@onpri si ng
the plurali %Xm@ﬁte@Qh&&%&m&H@%ﬁ%&%si es wth the sensor wafer conprising the
) senbl i (

plurality”of sensor subas ies according to Figures 4 and 5. As

i | lustrated ilnaFptherraspedt, thetpeeseptinventionsurbedssandtiogs spaeldng ¢ptical)imaging| i gned
with the_ se r sse e i - opti cal
R T R

2010/ 09 16bRRAGCHAUS2M B3RO dBadubagsefbliyr spdaenufa82idg proctpeoby de a

A ani noPerearears Shnituut - LhnRBRT iR Bre R ek epassensi y
spacer (Sad)atieddichhigia) |y aligns optical surfaces (208, 210) on the
(320) of "t he BERS TR B et ate Ik REt Haty pErg R GRErEE TG &l < (not
shown) Opphiascalbrided Fx@vfdrr@rasvvaf&aioﬁ@rm@&pru%@ df2pfdal BEsRbALS geed to
correspondi ng fiducials on the sensing el ement (316).. Furt her nor e,
the el ecerticelarbaspemblie somnrisie p radiption JERsTRpY yecubstiaire\d g 2biSHAPRR us can be
gg??g;ﬁ%&galc&ﬂrﬁ@%ﬂ@ £0S0Lr 24 BRSRER ¥ndo? Wler P p1@hliSToreQus | ng of the
subassemblies, the sensor subassemblies comprising a sensing element and a spacer. The
spacers of the optical subassemblies are coupled to the spacers of the sensor subassemblies to
25 provide a plurality of joined optical imaging apparatus. The plurality of joined optical
imaging apparatus are singulated to provide the plurality of individual optical imaging
apparatus.
Referring once again to the figures, Figure 2 illustrates an optical wafer comprising a
plurality of optical subassemblies. The plurality of optical subassemblies (202) comprise a
30 radiation transmissive substrate (206) comprising a plurality of optical surfaces (208, 210).
In the embodiment illustrated in Figure 2, the optical wafer serves as the radiation
transmissive substrate (206) having the optical surfaces (206, 208) deposited thereon. The
optical subassemblies (202) further comprise a spacer (212) having an aperture (214)

substantially aligned with the optical surfaces (208, 210). In some embodiments, the spacer
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10subassenbl y spacer (212) and the sensor subassenbly spacers (322). In one
enbodi nent, the optical subassenblies (202) and sensor subassenblies (304)
are al i gned 2ardobizaded t oget her after the insulating | aper/us3@an219s9 appl i ed
on the surface of the sensing el enent (304) opposite photosensitive region
(320) but before netal portions of the electrical circuitry (430) are
formed of212hie psenkd las s&ma@s’@ﬁdylcplaéed(tsm':)opui%ﬁ(@m eqrepisingyhe 3diation ystrated in
Figure 5, the Iur n one

erbodi n,eﬁimsml sh 8 s%bs rate ggsz(ﬁIng%qc Eﬁrlfa%géu 2P5?@%)B§IP g@?pin%gggegﬁbths (212)
spacer aqdmﬁamsbus@mbmsmewﬁhﬁw@ﬁﬁ@gw@@agnmnmmgﬁﬁuvmdgméMpmnwﬁyqty of

L e

optiscal , strugé dgsatibednererl RCitliier elabodlmér&gnhetopesaleﬁba‘sdembh@ﬂ:ooptxs&:al i magi ng

apparatus.  Cenerall wn |nc ude dicing and l.a ation.
conblnatﬂﬁﬁaBWﬂ%?%HébmF %ﬁﬁb&ﬂﬁ@“gﬁu I@%SIH§V1§ %Oggﬁnmﬁ%Wciggﬁgﬁ%e

first di gjrRed GithodtBYutkeate Rl rheduhifeimif clotsestidhe adentohgratadibysdmaaf er s
cutting through the optical subassenbly (202). A second dicing cut nay be
appl i ed ﬁ&bﬁﬂﬁ@%@@%%ﬁ“&@%@ﬂﬁf“?ﬁémﬁﬁﬁned waf ers, cutting through the sensor

subassenbl y (I%Qéﬂqe Eﬂb&&?&%@&ﬁé sxsa&i%@qﬁ)%%r&vm%dh@mpét&mker@&hpmga magi ng

apparatus 25(100). I'n some ‘enbodi nent's, the plurality of indivjdual optical
i meifi ng plopdifaefuseiooesi? | e Thotieguiss (414) ofdhespacer aafeastigrdaviidhei n,

In anot hgpr cglmﬁg%e% IIFIhI%Q) e ngI‘gZ@g) aryRlshicdd Wit 19§uHs&ﬁlE1YtI}duaI opti cal

i magi ng appara es provi di ng waf er conp r|3|qg plurality of
opti cal aub&sSQﬁbbpeglwaher@th@hﬁs&ﬂaswéW%MHégﬁd%W%ﬁI ﬁ%QKﬁK?&dlatlon

tIansm s3 ef%&%lssfnr&%% ur?lat ngc‘gl%%l sug%&tmbbl@? 30optical surface and

5|ngulat|ﬁ assenbl i es. The singul ated opti cal
subassenbl i esFigire 33M&etqyemnhqr vmﬁan pbmphsnmg a)pieramymf kensonsubdssantdigacer. A

sensor wafer..is provid isin ura n lies,
Eheoene ot Bae S RaEnGRRbhs Biefd B uih Thé Hp@liniFUERG QRSERTN! (P2
spacers @4t henpeied b Seabing oASHEHIY) | b@ﬁp@smeg a:mpisaﬁltiveretgm (sma)caeds of the

b nbl t d I I
ppar at USR] BFBHRPTCR( e A s 0d QSRR SEes e pr ovi de a

A

pIural|t@zgjmhmgkghgyggnggknggl i magi ng appar at us. Ref erri ng once
again to the figures gure 6 illustrates. singulation_of agglurallty of
optlcal suba§§éW@PP@%mh@@ﬁ%@WﬁQwﬁbC@%bm@ﬁﬁ&ﬁpﬁ%ﬁﬂmﬁﬁ“@ﬁ%CﬂW i nventi on.

Ry OVi ﬁldahﬁh(ﬁ{a I:rﬂzrest(g'ﬂ PIrHE Aebthiés @ 4PPEhE Face WadS aREbdtBSiallPAghecONpI i SE

a radlat on tran m ssive substrate ?I 06) conprising a Elurallty of optica
sur f acesw{tB0®, phetbpsitivairegions SAoafitheessnsor Wafest Flag spacer warkr isrkseguientlyy opti cal

o P USRS R vt

opti cal UPraces epo ereon ity of optica
subassentinmesingarplbelitgofigubatsessdeynbliesy net hod t hat preserves the optlcal

N T 3 AL LR e% 0L PR 0L She SURRSIRIR! G L f b © O the

optical suba I Cl In sone
ermadi MegtaSer waifdd @yt ibatid fr@s (326, J2SUr ialthd gmlm‘duﬁem llﬁ&ﬂrat@ijb&sgleﬁmlthmnml or to

cosCt o Lo D SRASoL BB 20 PO o 344 koS 9P 50
per f or meeQatingNayed GhctexRAdi-oRdtetic cOink €382) resides on the surface of the sensing
element (304) opposite photosensitive region (320).
In some embodiments, a plurality of joined optical imaging apparatus can be formed
30 by coupling the wafer comprising the plurality of optical subassemblies with the sensor wafer
comprising the plurality of sensor subassemblies according to Figures 4 and 5. As illustrated
in Figure 4, the optical subassembly spacer (212) is aligned with the sensor subassembly

spacer (322). Once aligned, the optical subassembly spacer (212) is coupled to the sensor
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15subassenblies failing performance testing are di scarded before coupling
W th sensor subassenblies. Likew se, known good optical subassenblies may
be om tt esof2omolbdd sensor subassenblies, thereby increaErn$2ci0922999
efficiencies and |lowering | evels of defective optical inmaging apparatus.
Subsequent to singulation and optional performance testing, the optical
20subas serbistebly sparesGAR) te phodicamhiraity af jeined opficelimesing gepagaitan &lowi t h a
spacer. CEgure 7 illustrates singulated optical subassenblies coupled by a
spacer at %g to one enbodi nent of the present invention. In sone
enbodi ment' s, Aleipac eptichisubdssantbls spacarl( 2028 dvith pite serador subbssewelirispices ar e

coupledisasac fer..ln the i nt. il} e 7(a),
the plur &Rk %fidg’l‘mg Y%P%?@ﬁalﬁﬁlif?cg%&gg&ggge@n% |dleas1 E%Ef“qarvgs Sg%(%s ed on a
carrs er (B40witne I@h@ﬂseaﬁa@meglbﬂ@zbmme {c64R) clehbie (mp rAEermz(tﬁrdI@) can
stabilize and fix the singulated @tlcal subasse ie é602) Iae desired
spaci ng Flfgé‘ﬁ%%tn@uéﬁgt(ﬂ‘étrsmb‘?”?)é’lrl thega i ging ARy R HURS Bl @8) lgIBnce

coupl ed W doRedpbfdinpagRNal{ &l senbibgeloRbitGa6)subassenbl | es (602) in sone
enbodi ments, are renoved fromthe carrier (640) %nadl S ged in F| gure
I

7(b). In one Buhsimsds. Harlcctiogbeifshigy 4#1% @f&ﬁchsqw;}@ jafug ean be
SUbasse"?Aéqitgfctéd%% ?or‘;'h&@é%%@ @04) e RREGEH ek &LRn rg(’)ﬂlfttmp‘hczﬂhe use of a

carrier In elther case, the optical subasse ies (602) can
subequesibhsseibblycpaspt @d2)xapd shersseser sbweslspaces (327)+ Heong P@H%mprénths]*

opti cal %Qqﬁgl' M as?%go {egtﬂ)%i%x% sgl%grcsr 'b?s@%Pﬂ%'é ?j(ﬂ) are ah%ned ahdbHAGH 8&ther

enbodi ne ity of "1 ndi E(%ICGJ i magi ng
appar at usftatdmpn%ﬂ%sg ﬂnyerv(%‘li)nga@hpl erfab prfacobf thpsdnsial elémelﬂfé 9 oPRsEYi di ng a

tiall
3?2(;32.\3@‘ rﬁgsq[?él&%\gﬁé’r? Z@f&‘ég f|ar§’a e¥al ertrlé)ﬁ %efs[;ﬁna%%n& %Cru a{ﬁﬁ(t%o)ofé rleges)s/es of

t he SpaCermwéretrhese[ﬁs&mBas@@nt&ﬁs@pu) cal eI ement in the 5recess of the spacer
waf er provi des n o ti g subas of optical

el etents in t‘h élaﬁf ste 18 ﬂ?)efpht‘ﬁ tysgg’éléerdo\%a?a?lmﬁn&n des a

plurality p@ifamsom@&qe eRbbdAbntS tatbassrfgamtsdlaaslg tﬁd’boﬁplﬁ@olﬁrcbmiibm‘tﬂy (@) opt i cal
subassenbl y conprises optical elenents in_ a stacke nf i j on. Opt i cal
el ement s$Papgy aé‘é)?ﬁés‘ér%]’(’?é?erw S22)5paeeE forRyeN It BRfupHD; Eard \Qﬂ'@%ﬁ?ﬂ(’g 10As

descr i beﬁ’na@ eclg rat'u@(l@@fms idh BEMAL SoincRpAed ifatingedppirent cHwepri ses a
radi ati on tr§ m ssive substrate conprising one or nore optical 1Surfaces

| n ot her adbeyedibyramtsetheththgprisemps the @I?ft?ﬁ]t stpihprlisgé slegies! HFC%S‘F%O% tical
surjaces, ng?fcglv\ﬂxgémg YRR L GRBratly LRVt Rt NS (ﬁ@lhgf EnSHRsiBIalR: A n sone

enbodi e noptical surfaces are not supported by a radiation
t ransmi seimntgnaiohsf diaing termeuaspt e mayUhrefugede SF oa instapess £ figft digingsHON®t hi ¢

structur g a é)he(P frg'r?ltaqu s(%ge c%‘the J%fnec? éz@fé&' c%ttm%fthrggéhdtﬁgoﬁf%lalysjﬁﬁésgé}ntﬁ§ (Mbﬁs S

opti cal
A second dicing cut may be applied from a bottom side of the joined wafers, cutting through

the sensor subassembly (304) to completely separate the individual optical imaging apparatus
25 (100). In some embodiments, the plurality of individual optical imaging apparatus comprise
solid state cameras as described herein.

In another embodiment, a method of making a plurality of individual optical imaging
apparatus comprises providing a wafer comprising a plurality of optical subassemblies, the
optical subassemblies comprising a radiation transmissive substrate having at least one

30 optical surface and singulating the plurality of optical subassemblies. The singulated optical
subassemblies are subsequently coupled to one another with a spacer. A sensor wafer is
provided comprising a plurality of sensor subassemblies, the sensor subassemblies
comprising a sensing element and a spacer. The spacers of the optical subassemblies are

coupled to the spacers of the sensor subassemblies to provide a plurality of joined optical

22



The use of singul ated optical elenents prior to association with the spacer
wafer to provide optical subassenblies, in sone enbodi nents, permts
testing ovotzhwm/opisdcal el enents to ensure the optical elpemarstaiodevonst rat e
t he desired performance. In such enbodi ments, optical elenents failing
performance testing are discarded before disposition in a recess of the
20spacer imegfirgrappireieviiis doingdnaphiel dveingppier aws|sewilited pravideaniudlivg opti cal

subasser‘rt&fn8§imyopg?%?@r%%%%pfglﬁ%@ bad sensor subassenblies, thereby

i ncreasing cost e lowering levels of defective optical

i magi ng appar Refasing once againfo gerfigores, Wagues 6 dhmiatéssingglatiopplilaripkity odf sensi ng
elements i s provided. A spacer wafer i - . Se er to

or ovi de. 8P CREIE0se A BREGT ol Bhodil BLRE Bl PRSI IR

conpd i si hgeia, thephirdigy ef wpiied tutasdmalisae® roapridesediptmadrangnigdive The spacer

waf er of the optical subass lies is .couple o) acer fer of the
sensor sgseYe E@P? BRSNS rad@fq%gy QF?ﬂtﬁﬁ?léP’#%?S gGP%] % IOE 213 §186p‘°tm:30c§) g%%]nﬁagi ng

aIOpar ?t usilusthed inFiness,eptopaall wafagirng aafhp addidtios transenissivegubsatiedcdsd provi de a
plurality of optical ipaging a ratus. In s odi pents of net hods of
the pr esgﬁ‘t‘ng tﬁ%@ﬁt‘ia]oshl,rfaca“é%@e@fﬂgg@oﬁ‘ﬁed&b‘fr?%ﬁ%gﬁgﬁng% ?%‘Cind/ or 30a spacer
of a SengfsSHBRSTEbE Mngﬁae&%mryin&egmqn@at PresdrPésahgbienead breuchagli | i tate

si ngul ati on processes. erring once again to the fjgures, Figure 12

ef
i |1 Ust r atrsegridesyfdkg entisel subasssmbilien) In feureh the pHca! sekassadligy (8 &Facer waf er

to provide.a. bl aki.ly pfse] 0i Nned optical subassenblies according to one
enbodi me%tgo? tﬁ}é plr eéent ei nvention. As illustrated in Figure 12, the

spacer waf erIn(sg@} embopmestesingulsting he pluyelisf ofraptiesd sebgssempliesgaior foor r ecei vi ng
optical el nts. : - - '

oFof ect i SircyBRY b ol RloasREERR IS s 5 nE OFRA! S8 Bonp RYIEREe o o
proj ect i dr sG28enblisodetehiinesthe desiss pagfempnred &f $ush agbedimamsopigaé ( 28)

t hr h ich di.at.ion can pass,. As descri i ange or

pr o]ogégt i \Q%aisﬁ’é‘g’ﬁ%ffgilﬂ%pggoﬁggg’? %ev?/té?%?re ?ﬁﬁﬁr?eﬁ%ﬁgoég%%iégﬁ)gw%%rs, gcan have a
shape opemakebli®. LickidecknobMgoadroptizhl sobassanthliat may bpassieddrotiradugh spacer
waf er (20). In the enbodi nent illustrated.in Figur tical

el enent s$ %,Su%ﬁe“@é‘%gﬁé%ﬁﬁ‘?%%@s’ﬁg FEAF ‘f’ieﬁﬂestaﬂqgﬁ%‘?ﬁr%??/vggsoéégffcgg? e (30)
havi ng aoplddriglabhy apfar@id i cal surfaces (32, 33). In other enbodiments,

optical surfaces of an optical elepent are not supported by a radiation
10t r ansmi ssi vbstayertig siagulationspd priiopa peripanagesiseugdthg APYHEt i cal surface (32)

of Apti Caly&LABRAL S s62# emBHMiments, are coldPibd kAlne @hQRE it Lsphcer SFiginposed in
recess (22) of the spacer wafer (20) and seated on flange or prgjection

(26). Asillyeizatesishadlared opiienl S‘ﬁ’aﬁ‘s_é@b]éf_’sé‘rﬁ‘éi&@rby( *BWFW@’W@%@Q&G e MWtopt i cal
opt 1 cal o PR B o e B e e apbr tur e
(28) pr owibdssemblyesfateaqpgpledis a spacer wafer. In the embodiment illustrated in Figure 7(a), the
plurality of singulated optical subassemblies (602) are disposed on a carrier (640) with an
25 adhesive layer (642). The carrier (640) can stabilize and fix the singulated optical
subassemblies (602) at the desired spacing from one another prior to coupling with a spacer
(612).
Once coupled with the spacer (612), the optical subassemblies (602), in some
embodiments, are removed from the carrier (640) as displayed in Figure 7(b). In one
30 embodiment, the plurality of singulated optical subassemblies (602) are disposed on a spacer
(612) without the use of a carrier (640). In either case, the optical subassemblies (602) can

subsequently be coupled to sensor subassemblies in the production of optical imaging

apparatus as described herein.
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proj ection (26). Optical element (25) is positioned to be disposed in
recess (23) of the spacer wafer. In the enbodinent illustrated in Figure
12, a foowe 20peens3(38) is attached to optical el ement @E2F)us20ospmsdti on of
optical elenment (25) in recess (24) provides a plurality of joined optical
20subassenbl i es (40, 41). In sone enbodi ments, optical elepents are

di sposed in r@cesigcnpodunesh aarethodf éﬁak‘i‘l&aﬁluéaélﬂ o indiwidHal Ptigah ALy

enbodi me Splafaty it SPRSLerhdhtd, BRARERS: Pheed waracer waf er

si mul tangﬁop%éatﬁggrgg%%gog’ﬁ% l“i)lglrastly(rirj'u ?&%eofjs y 8I\/br eovesgr?) CI n some

enbodi mensemsprisang 4 pherslity ofeecesdes a@ld@hlmst Bqa*a@b/rdlana$1@g the phasalits Preptietle 25 or
nore opti o] can be
coupl ed FERenELERPOLAL FHRRRE bt BREa SRR D A SR LA PR Bl 2 cked
confd gur eetcu:ssrof thle spaoprewaatodvidesnn Opapapstubmbmbly Bispopng Tpluradihdvpestbl i es
arranged uration is ill { eferring
now to FF%’(TF ﬁle klurah?sogrrec\%%s se?fltfé)o prT i ng%%v@e??gﬁuﬁ}h@ &;j&ﬁ ér)fmcciﬁsensor
30subass arﬁaisbmshc(SS I sobR)enit®diprents] deajmcaseuimgemlyb&mmtsl dpéeal eléﬁlpntsiﬁ

Cpacer (o1 eBAIHRBYSr Opiser e bpEt, 4o BT GRUTIP e TRR SRR of emeni

(54). 1 ncismems.enbodi rrents spacer (56) is pI’OVI ded as a spacer wafer

coupl ed sensor wafer g t he sensor waf er %g npri si ng the plurality
of Wensing el&nisstibed herpin, in some embqjments #n gpti ?18‘?161(@817“?6? £ FS15H8R ned
optical guRASIKERIYRS e @é@pnﬁ’rggéorﬂe%r fRtHYpaeh k@ dcBe 15 RACLEmYR BNt BP) Of the
j oi ned sensor subassenblies 2, 53) to provide a plurality of joined
optical Pt AINBPPRIMMISERONC IO PIRELLRHBH isuices HAGPIRYPRONSA PR L RRAIHIB s ngul at ed
al ong si pgy ‘?stsfvggu ks {88k teﬁlbg&ﬂl\éhtg%ex%mRJpHEﬁlshrrfééeQire 99$s'u rtell BRQI NY
apparatus. 5ln ano er embodi ment, a pluralrty of optical elenents of an
opti cal @dbasrsemm};sswaﬁubb‘eata,rthwrg@d Swrfafas snea@meﬂa wondlitha stadtwnaLisi ng a
single s F S lity of joined optical
SUB%SSE[T@?I%%SG f\(lzvg&%%}plsel h%&ﬁeql%ol{gjp& i fa tsse%%t?%ﬁa%r ‘ements in a stacked
configurati orir}mme/oﬁzhmgubxyedaapswhglemestpanertombeatlcmcmd“rtdic s;gicerovaffneo enbodi nent
of the pres: nventi o 10As illustrated in F| i espacer
waf er (7Effvﬁgomécélusup%ssﬁ?ngw d@ SYPt Tl dl%ﬁ‘gag%rgﬂ% é@é 019}'@5% Wihg a

st acked penfirgtheapii@nelomhePplidradiktrat teEBdisd pEﬁfmﬁﬁ&h Iﬁ) Elidh@&ibo&uiaﬂts senbl y
(72, 73), the spacer. wafer él C) %)row des t sed. regions 82)
oper abl eORtiGalS ée(’f‘é‘iHWévalgﬂg BPtarRance dsHRRHE dlSFEH Qfitioast g recg é’ e of a

si NGl e sPAERKafef 0)ikbRGk | inb@h 850B wr&gmasaislaﬁ@{es@hwtcal dbaserfitlxed di st ance
(d) fromone another. The fixed 15di stance (d) between optical elenments, in

sonme enb@al herRised frambad st sebPssERliss theagb RptasegIcod GHksEeRbIY provi ded by
the_Spacer,uaf el dQkieck M iP5 QAUEKAGNB, Pl ral ity of optical

subassenbl i es having uniform construction. In the enbodinent illustrated in
Fi gure 14, f ok seasqnypife compases a plpoitisefisgnsgistolamgntsds pigeided 4 prace76) of

opti cal 392[1% lsensgpacer (70)
al so set\ggﬁglalt§ ?@@F’Jd%? he?s}msgr %V%{ag'})%ﬁ& Graﬁ@ ()Iffse%lgggusglggsg fe?%(s%) t he sane

fixed di Slbwscmbly d()mﬂ)rltsmg mesmmdbmert and a spacerlan d¢sheb®1rﬁ§:mﬂm nﬂrvtspadet ustrat ed in
Fi gure 14

recesses” ’(‘fé'o‘ﬁl t ‘f?‘%&ﬁﬁ S@%ﬁsseé’ls%gsslg st %d 8 gg‘”%‘?@?ﬁﬁr e(sz)e\fl &t 3 a% re%%: ng el enent s
(76, 77)topasvidean ghirskx9 D€ (birddpaent ihapthg appireine SBleSjoin8@ pptical imaging
apparatus are singulated to provide a plurality of optical imaging apparatus. In some
embodiments of methods of the present invention, a spacer of an optical subassembly and/or
30 a spacer of a sensor subassembly can comprise one or more grooves to facilitate singulation
processes.
Referring once again to the figures, Figure 12 illustrates disposition of optical

elements in recesses of a spacer wafer to provide a plurality of joined optical subassemblies

according to one embodiment of the present invention. As illustrated in Figure 12, the spacer
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Optical elements (74, 75, 76, 77) can be disposed in recesses of spacer
(70) in any desired 25order and/or manner. In sone enbodi nents, optical

el enent s W04010/810536, 77) are sinultaneously di sposed | RCTAISRGIDAS299 Spacer
(70). In sonme enbodi nents, optical elenents (74, 75) are simultaneously or
sequentially disposed in recesses (80). Optical elements (76, 77%},5 in sone
embodi ne T (X eosprivgs ¢ BiNEbitstfyessses @éu@ forapqelying hed stemepts(Ftddses (82).
As descri [ W ge LIS o6 33t @ 8e di sposed
bet ween %*35%%‘%2@?%" Hg@ﬁ?@ﬁfﬂg e %%?C%?ﬁ)%‘? e(787) " Addi tional |y,
optical etatadedhs flime or pB)ectam(2huleo drdingy eras(LE) dofiningmen aertwis(2)opt i cal
surfaces - er (7 r Qi I : tical
subassertl g gyl lontchtbefly AL A ARE e fifgl ol lon T 60 8

enbadi nmesgaser veqfaq@e), (nA0ne kabodimsiiapen bperabipe operablatd kegricrtbstmiunt of he
anmount o%§%EQiationng%%in t hr U&B t he optical subassenblies (72, 73). WO
2010/ 091 e P13828 187 527886 Wi Z0ket erring now to Figure 15, a sensor

waf er (95) conphd shtvgirgenplilus@dted iyt Fdur O, opiikab&asaits QANES salifzbimpsse(02, 93)

i s provided. Sensor. subasse ies .(92, 93) ¢ rise.a s ' el.ement (94)
of Do SEREHPT RARSTSTEST T (L NERu N6 LR TP PR SE et P B BE 15, ¢ he
spacer ( é@boddedtQiopeehl ARtk &S a8 UPaasahitit 8 not’shppot®H b9fa ridigivhe 14 i's

coupl ed to the sensor wafer (95% 5or associ ated covergl ass ﬁf t he j oi ned
senor stippegdsigsiiaiegd bagly Ctlgs gisprseden aptspivgroet§2)ox opEianggmelt i cal

i magi ng gppasatus. In coupling to the sensor wafer or the associated
covergl ass of the joined sensor subassenblies (92, 93), the spacer (70) of
the joi ned op®piical clentig §4e iftylispesed(ir reoesp$32) of Hrespaser Phadsgated @ not
coupl ed cer h a L v i ernatively,
in sone g%&?ﬁ%ﬁet%{sl?&?ﬁ}é ‘?%ﬁ?eﬁgg)ggg%ggfg%&ﬁ%%%%%#?%sm géze,d b5‘91:§’>2)Ae%orrpri se a
spacer t optighl démenh €43 pacmgé FO)rojeétian(26) dViradeaspt incedesss@baseieabl i es (72,
73),4 s couple rovi.d I it i 0l n i i i ppar at us.
Jored optTeGUnabp e sRrRptt2RLlX ot PG B e DR PO 2
(100) topmpjeotiord@6n plurality of optical inmaging apparatus. 151 n another

aspect, the prese in ion provides a nethod of i ing a scene. In one
enbodi rent . RoREeHOEn Y Corsgiongostiee BateBRbiresS Gr et RetaneEht cal

i rrggi ng Eﬂﬁ@-érﬁbd&_ﬁm@r@ﬁmfsiraimﬁl Rgirt 1 Bt fogisispabr (ssl)lha%&fr&itys o@ﬁdsa_rbmie?femg ?

radi ation transm ssive substrate conprising at.|east one gptical. surface
and a specerDEpR#itionob ARtEse! "é%%{’éz?éﬁﬁ} S?Cfi?%zﬁgpré’i"ﬂﬁs *hl?lu‘f"‘gﬁ’s‘{ﬁ el @8R ng

el eEent  apdsembRAGHT, 41Wherein the spacer of the first optical subassembly
is 20coupled to the spacer of the sensor subassenbly and receiving

el ect r omagnetlipgomaembrdisents, optisal plemertere disppied frocerstes of e pracewHEgRAL i ¢
radi ati of. RASSES:. [ HLAOmEJiEmdd:d, %fatlié%pélhrﬁéits aH Ggﬁ&@@m el o!f_§s;glgéreCt ed by

the sensing el enent. The sensing el enent translates the receive
el ect r omaglaetimoltangeisht oronbstantiallyasimaltancoysical response for constructing an

el ectronic i I’mgx%m(pefr, ih Q%i&g@?lmér{?s, 30 8&%%1&1’35&% acgl]c wllf'gflcg)inﬁgisﬁg%ﬁg ne, the

optical inmaging appara onpri'ses a sol1d state canera.
25 or more optical elements disposed in recesses of the additional wafer can be coupled to

spacer wafer (20) to provide optical subassemblies in a stacked configuration. In one
embodiment, a plurality of optical subassemblies arranged in a stacked configuration is
illustrated in Figure 10.
Referring now to Figure 13, a sensor wafer comprising a plurality of joined sensor

30 subassemblies (52, 53) is provided. Sensor subassemblies (52, 53) comprise a sensing
element (54) and a spacer (56). As described herein, the spacer (56) comprises an aperture
(57) aligned with the sensing element (54). In some embodiments, spacer (56) is provided as
a spacer wafer coupled sensor wafer (58), the sensor wafer (58) comprising the plurality of

sensing elements (54).
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Vari ous enbodi ments of the invention have been described in fulfillnment of
the various objectives of the invention. It should be recognized that these
enbodi mrenwe 2aroe9mesel y il lustrative of the principles ofCrhs2@onsmnt

i nvention. Nunerous nodifications and adaptations thereof will be readily

apparent to those skilled in the art w thout departing from30the spirit
and scope of Theespposyealer GR) oftheicing pptral swbagsgmihisg (405 41) ipggupled to the
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appar at uglugfitycdfadinedloptiedl @tiisseniblies p@eisihg ablurdiry &f apsital ephies@lin subassenbl y
I's a singul ated section of an optical subassenbl.y spacer fer. ..4. The
opti cal ?ﬁ;fﬁﬁs ﬁ‘ﬁ‘f’ébrﬁﬁ?rhlfrﬁgldﬁ‘?byc? P&y apac fgiaﬁcotr(ll’iég ?poé’&SVlb%@mFWé)fg}fnsor
subassengle%niﬁv@ﬂﬁsh_ngul ated section of a sensor subassenbly spacer wafer.
5. The optical inmaging apparatus of claim1, wherein the spacer of the

firdt opticalAsesifrddn g Gontipsls srace walerddQ 15 predin RIAVIEREPYCENI at i on

transni sgjpy&efHRI(TAYS) OB RLIsBLRY bh€Rtioh @R8ticANGertd. Fak cRHLHAGE 1S
seated. 6. The optical inmaging apparatus of claimb5, wherein a focus
spacer i gbaisepbly &, Bk thsspacar Wil Ripviderdwp secessed atns (RS, $R@PeEeblen

eS8 e ROTDL SRl SP ISyl o e, 207, The
opti cal facilitates setting optical elements at a fixed distance (d) from one another. The fixed

15 distance (d) between optical elements, in some embodiments, is translated across each optical
subassembly provided by the spacer wafer (70), thereby producing a plurality of optical
subassemblies having uniform construction. In the embodiment illustrated in Figure 14, for
example, spacer (70) sets optical elements (74, 76) of optical subassembly (72) a fixed
distance (d) from one another. Spacer (70) also sets optical elements (75, 77) of optical

20 subassembly (73) the same fixed distance (d) from one another.

In the embodiment illustrated in Figure 14, optical elements (74, 75) can be disposed

and secured in recesses (80) of optical subassemblies (72, 73). Moreover, optical elements
(76, 77) can be disposed and secured in recesses (82).
Optical elements (74, 75, 76, 77) can be disposed in recesses of spacer (70) in any desired

25 order and/or manner. In some embodiments, optical elements (74, 75, 76, 77) are
simultaneously disposed in recesses of spacer (70). In some embodiments, optical elements
(74, 75) are simultaneously or sequentially disposed in recesses (80). Optical elements (76,
77), in some embodiments, are simultaneously or sequentially disposed in recesses (82).

As described herein, in some embodiments, focus spacers (83) are disposed between

30 spacer (70) and optical elements (74, 75, 76, 77). Additionally, optical elements (74, 75) can
have baffles (85) on one or more optical surfaces. Spacer wafer (70) provides an aperture
(86) for each optical subassembly (72, 73) permitting the passage of radiation. In some

embodiments, spacer (70) has a shape operable to further restrict the amount of radiation

passing through the optical subassemblies (72, 73).
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subassenbly partially restricts the amunt of el ectromagnetic radiation
passi ng through the optical subassenbly. 8. The optical imaging

appar at uswofoml®iess1l, wherein the spacer of the first opCirastomwobmssenbly
is constructed of a material operable to absorb one or nore wavel engths of
25el ectromagnetic radiation passing through the first optical subassenbly.
9. The opti c&iefenmgndvgtodhgae af,usewsbr whiai (96 Nompmengiamlurdidy shiated of the

sensor subass i site gans 0
et or] a ShenPemTEo0NE BRI S BARNINE |00 R el S o
claim9, el&&h@::c €34 °“i“§ sérglr veaferps)e IMEembadlﬁleﬂnE’usﬁ@lséireﬁgwd 1P rthespabee gr oup
consi sting of a solder nask | at.in teri daS|I|c mat eri al .
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Sensi Ng &l eieittedicsy ol RO HeI6iRE SRBE bDRsOfbIksFE1)9B vecmrpﬂ radifef. WD
2010/ 09105a3PCT/eU§2\(/) /82295 1 12. The osﬁstl caIS$ | magi {l{g%%pzap ar ltlus\S,of claim1l
Sl

further jeBapeplisahgagngappadn. 18 ceupling o/ e o s5QP18east one sensi ng
el ement qof, %Q@s ﬁqﬁ@ﬁfneé %@&%ﬁﬂgké{nbhes (t92 19'332 HOGa0R(TO tﬂeg&ﬂédrtgmaﬂpar atus of
i

claim1, rein a height of the firs cal subassenbly spacer in
conj unctSUbaSS@mltlbs(%7ﬁelng§hmeémb@41@e@ém%’éﬂ{ capts’s @ progr ﬁ%?cséflsoéets t he

5f ocal s%'st%eq%heEK@ g§) | east one optical surface at or near the plane of
the sensing e 14. The optical imaging apparatus of claim1 further

ngrm:l Si n? atztlteaagl velpne S(admrtllqunmntsomemmd ssuivasehasmompliest(Hd 931 | east one
aaairtional _optilca
transm sSmpASE s pa erﬁ% eﬁlcﬁ?‘h L ¥eef 85(2 tok ﬁmggcg?&i%ﬁgig% g\g[%ag&ﬂlbh @@Q afh pn

ve' conprrsin tlona opti cal surface
and an agdpled myﬁbwé@aplarahtylﬁl&nmlmpal|1magmg mpgramg appar at us conprising: an

tical bassenbl y. i si
pacer: and. toneoptgSGREhE SRl iy il FUEIPOL R Seneing

el ement ﬁﬂdd@aﬁl}ﬂﬂiﬁ%"ofdﬁﬁ@lﬁhign{gh@p&@taﬁier of the opti cal subassenbl y is
coupl ed to the spacer of the sensor subas enbl%lg) (9'316 The i magi ng

appar at us of 18 F‘%ﬁﬂi*ﬁr pspectyhe PEISFI IEN IR PERHASS £ 1 {geape as 2[8 B y
CONpri SeSRlinhSRAMANR JrEaLSSRe 4 el doatpriongrefidibgen epichiGalagiap Q}ﬁ@fﬁt@s is at

| east partially 'di sposed.

comprising a first optical subassembly comprising a radiation transmissive substrate
comprising at least one optical surface and a spacer and a sensor subassembly comprising at
Jeast one sensing element and a spacer, wherein the spacer of the first optical subassembly is

20 coupled to the spacer of the sensor subassembly and receiving electromagnetic radiation from
the scene. The received electromagnetic radiation passes through the first optical
subassembly and is detected by the sensing element. The sensing element translates the
received electromagnetic radiation into an electrical response for constructing an electronic
image of the scene. In some embodiments of imaging a scene, the optical imaging apparatus

25 comprises a solid state camera.

Various embodiments of the invention have been described in fulfillment of the
various objectives of the invention. It should be recognized that these embodiments are
merely illustrative of the principles of the present invention. Numerous modifications and
adaptations thereof will be readily apparent to those skilled in the art without departing from

30 the spirit and scope of the invention.

That which is claimed is:
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17. The optical imaging apparatus of claim 15, wherein the spacer of the
optical subassenbly conprises a plurality of recesses in which the optical
el ement s woeoskodi@ast 20partially disposed. 18. The opPCTAlS2010mgi90Y
apparatus of clainms 15, wherein the plurality of optical elenents are
arranged in a stacked configuration. 19. The optical inmaging apparatus of
claim 15, wherein the spacer of theChpiMEal subassenbly is a singul ated
section of an optical subassenbly spacer wafer. 2520. The optical imaging
apparatus of claim 15, wherein the spacer of the sensor subassenbly is a
si ngul at ed SeAhiopﬂ'ba]?fmexlgirg&ﬁp@ﬁtu§¢ﬂn@$iS’ﬁgbl y spacer wafer. 21. The optical

i magi ng apparat.us of ¢ m ein the. at |east on nsi enent is
a singul at ed %éﬁsf Pﬁﬁa]ospgﬁseé“itﬁ&??&’r@ 8 A AdatigR PSSy su Stra? m§g$§ maki ng a
plural it vt efst bmpvlbauaﬂfac@@hd g&acérM@@i Ng apparatus conpri SI ng 30pr oviding a
waf er conprising a plurality of optical subassenblies, the op

subassenbl i es2 sFAPSHRISHFLY HHEENs gﬂaa%oy%ﬁpsélgg FETE AL hIPALST ‘@heﬁi‘ﬂ)st rate

havi ng agyl SEQC%; oﬂﬂ@ﬁﬁ%ﬂtﬁﬁl subddbdniRis coupled to tHRS $PHdetlbNBe SenSREUSsenddlyer
conpri sing plurality or sensor subassenblies, the sensor subassenblies

conpri si ﬁg a ‘Senaiting 1@?@%@@3@% ofclgignbeyherein theé&?é’lopﬁénstnﬁﬁ“’%’é@gﬁteof t he
opti cal Q&???%uh@ 1&?F1§rﬁ%9ser of the sensor subassenblies to provide

a plural | I ne Prcal | magi ng apparatus; and singulating the joined
opt ical Bmagl Tﬁkye @plpanmaglsg am)BraAlSmétilhmdlmhemkihﬁgp@&ermfﬁheaf% pioptiefl i ndi vi dual

t |
optica )s/erBa gslem% Ismglgl%tg% gecé):%r&fsan%g%l a? Blb%ls!eﬁbl&%ggcemgi%f conprising a

pluralit i'es tica ubassenblies conprising a
radi atiom. t ram]sem;msalvmagug)s;iplaatw olﬁalmnm@, \zdterdlteéusspa@ﬁeofalpﬂﬂen@r surface;

oL 10U 211,00, L1, O%L 8l SHOSERED) Losy SQURLIDG, LR, oBl1 02 subasserbl s
subassentl i esThd dicaemsghg sppb@asemwnes, e ihs spgerofslendstptiedlenent and a
> pa?Ser ' subassembly comprises a recess in which the radiation transmissive substrate comprising the
at least one optical surface is seated.

6. The optical imaging apparatus of claim 5, wherein a focus spacer is disposed between

a flange of the recess and the radiation transmissive substrate comprising the at least one

optical surface.

20 7. The optical imaging apparatus of claim 5, wherein the spacer of the first optical
subassembly partially restricts the amount of electromagnetic radiation passing through the
optical subassembly.

8. The optical imaging apparatus of claim 1, wherein the spacer of the first optical
subassembly is constructed of a material operable to absorb one or more wavelengths of

25 electromagnetic radiation passing through the first optical subassembly.

9. The optical imaging apparatus of claim 1, wherein the spacer of the sensor
subassembly comprises a composite construction of two or more materials coupled to one
another.

10.  The optical imaging apparatus of claim 9, wherein the two or more materials are

30 selected from the group consisting of a solder mask, an insulating material and a silicon
material.

11.  The optical imaging apparatus of claim 1, wherein the at least one sensing element is

a singulated section of a sensing element wafer.
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coupling the spacer of the optical subassenblies to the spacer of the
sensor subassenblies to provide a plurality of joined optical imging
appar at uswoanth/®iesgul ati ng the joi ned optical inaging appanstus/020594. A
met hod of making a plurality of individual optical inmaging apparatus
conprising: providing a plurality of optical elenents; providing a spacer
waf er cobdri sThegpticabinagid apparefus pealaiBilelirther comprigipg ¢lecideal piEitval | y

di sposi ng, 118 PhULALLL oL ORE LiGAL B BURALS fhsldiy eoesses of the spacer
wafer to provide a plurality of joined optical subassenblies; 20providing a
sensor wef.er Twenptitad imagiee gppaatab pf glainf 1, séersinrpcheedhepithe st optical  coupl i ng a
spacer wafer to the sensor wafer.to .proyij i

subassenBi’ f8EM¢ Sﬁaﬁﬂ i 5 O?Jﬁnecugrbgétgtrthem}/%%gglﬂfgﬁe %chlrg% I gggpggg%gg%F ies to
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wherein at | east one of the optical elenents conprises a.radiation

t ransmi sEREOTSESTYSER @ SYPSURR GOBRISIEAS 22t QB YR Opélﬁ“ﬁfsﬁréaé.e anGH A net hod
of | magi pQitRnGERRr.CONPri sing: 30providing an optical inaging apparatus
conprising a first optical subassenbly conmprising a spacer and a radiation
trdfsm s ve Aug¥icpldmaging apnsRtustcom@ESigione optical surface and a sensor
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subassembly comprises at least one recess in which one of the optical elements is at least
partially disposed.
17.  The optical imaging apparatus of claim 15, wherein the spacer of the optical
subassembly comprises a plurality of recesses in which the optical elements are at least

20 partially disposed.
18.  The optical imaging apparatus of claims 15, wherein the plurality of optical elements
are arranged in a stacked configuration.
19.  The optical imaging apparatus of claim 15, wherein the spacer of the optical
subassembly is a singulated section of an optical subassembly spacer wafer.

25 20.  The optical imaging apparatus of claim 15, wherein the spacer of the sensor
subassembly is a singulated section of a sensor subassembly spacer wafer.
21.  The optical imaging apparatus of claim 15, wherein the at least one sensing element is
a singulated section of a sensing element wafer.
22. A method of making a plurality of individual optical imaging apparatus comprising:

30 providing a wafer comprising a plurality of optical subassemblies, the optical
subassemblies comprising a spacer and a radiation transmissive substrate having at least one
optical surface;

providing a sensor wafer comprising a plurality or sensor subassemblies, the sensor

subassemblies comprising a sensing element and a spacer;
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5a first optical subassenbly conprising a first spacer of a spacer wafer,
the first spacer conprising a plurality of recessed regions along an

opti cal awpD=20svdi@a optical el ement di sposed in each reeezasdomwegison; and
a first sensor subassenbly conprising a first sensing el enent of a sensing
el enent wafer, wherein the first optical subassenbly is coupled to the
sensor subassenbling thd gBcer P dewpti¢at subasspmbliaido tp pacet Asheo*n®r ai m 29, wherein

the firs . S . . { ' : sing element is a
si ngul ot SSanSlensS bR -Al g B R RE By b IE bRl R O of ol ai m 20,
wher ei n t he recmdsies therjenahopipgdoshgieg gipdesisof the spacer. 32. The opti cal

B T N
sensor subassgtiiiygaeviricsinpsisg sgoaiiy episkiahgbedsemnilids, thé optivel sensor
el ement fer, wherein .the second spacer is coptinuous with the first
spacer. SUPESSCRRUES GRPPYSPE ¢ Wﬁ&?%“ﬂ’ﬁ&%ﬁ% gbsite B‘i‘vélilgrﬁq;??t %8Ptécla§ the opti cal
el ement sg@fa@e;Si ngul ated optical elenents froman optical wafer.
singulating the optical subassemblies;
coupling the optical subassemblies to a spacer;
10 providing a sensor wafer comprising a plurality or sensor subassemblies, the sensor
subassemblies comprising a sensing element and a spacer;
coupling the spacer of the optical subassemblies to the spacer of the sensor
subassemblies to provide a plurality of joined optical imaging apparatus; and
singulating the joined optical imaging apparatus.
15 24. A method of making a plurality of individual optical imaging apparatus comprising:
providing a plurality of optical elements;
providing a spacer wafer comprising a plurality of recesses;
at least partially disposing the plurality of optical elements in the recesses of the
spacer wafer to provide a plurality of joined optical subassemblies;
20 providing a sensor wafer comprising a plurality of sensing elements;
coupling a spacer wafer to the sensor wafer to provide a plurality of sensor
subassemblies;
coupling the spacer wafer of the optical subassemblies to the spacer wafer of the

sensor subassemblies to provide a plurality of joined optical imaging apparatus; and

25 singulating the joined optical imaging apparatus.
25.  The method of claim 24, wherein the optical elements are singulated optical elements.
26.  The method of claim 24, wherein at least one of the optical elements comprises a

radiation transmissive substrate having at least one optical surface.
27. A method of imaging a scene comprising:

30 providing an optical imaging apparatus comprising a first optical subassembly
comprising a spacer and a radiation transmissive substrate having at least one optical surface
and a sensor subassembly comprising at least one sensing element and a spacer, wherein the
spacer of the first optical subassembly is coupled to the spacer of the sensor subassembly;

and
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receiving electromagnetic radiation from the scene by the sensing element.

28.  The method of claim 27 further comprising translating the received electromagnetic
radiation into an electrical response for constructing an electronic image of the scene.
29.  An optical imaging apparatus comprising:

a first optical subassembly comprising a first spacer of a spacer wafer, the first spacer
comprising a plurality of recessed regions along an optical axis and an optical element
disposed in each recessed region; and

a first sensor subassembly comprising a first sensing element of a sensing element
wafer, wherein the first optical subassembly is coupled to the sensor subassembly.

30.  The optical imaging apparatus of claim 29, wherein the first spacer is a singulated
spacer and the first sensing element is a singulated sensing element.

31.  The optical imaging apparatus of claim 29, wherein the recesses are on opposite sides
of the spacer.

32.  The optical imaging apparatus of claim 29 further comprising a second optical
subassembly comprising a second spacer of the spacer wafer and a second sensor
subassembly comprising a second sensing element of the sensor element wafer, wherein the
second spacer is continuous with the first spacer.

33.  The optical imaging apparatus of claim 29, wherein the optical elements are

singulated optical elements from an optical wafer.
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