COVERS FOR M CRCELECTRONI C | MAGERS AND METHODS FOR

WAFER- LEVEL PACKAGQ NG OF M CRCELECTRONI C | MAGERS
WOHGSMN4ZAL FI ELD [ 0001] The present invention BPGI/US2005/014632

related to mcroel ectronic devices and net hods for

packagi ng m croel ectroni c devices. Several aspects of
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responsive to radiation in the visible |ight spectrum

or in other spectrunms. BAGKGERRIND [0002]

M croel ectronic inmagers are used in digital caneras,
wirel ess devices with picture capabilities, and many
ot her applications. Cell phones and Personal Digital

TEéﬁNiléAFmIELbPDAS) for exanple, incorporate
mcroelectronic imgers for capturing and sending

pictures. The growth rate of m croel ectronic inagers
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Conpl enentary Met al - Oxi de Sem conduct or ( CMOS)

packggingnel mieroglasdionis, inagieg WS thedqresiespensivadperagiation in the
ws@@ﬂ@rﬁfngé&?uhrbrqh%'tﬂ&lsp%ﬂﬁﬁ s and other applications.

e sensors are al so béecom ng very popul ar
because they have | ow production costs, high yields,
BAGKGROEND si zes. CMOS i mage sensors provide these
advant ages because they are manufactured using
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rotect their delicate conponents and provi de ext er nal

Digiale Assistants c GriPAs), sfor[ exampleri igoeworates microglratignic imagers for
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conventl ona packa e

bedmsicadily incréasingOas ainey beeomessmakierbahd giroddfe dicttec mdges with

to the die 10, and a housing 30 attached to
higher pixel counts.

[0003] Microelectronic imagers include image sensors that use Charged
Coupled Device (CCD) systems, Complementary Metal-Oxide Semiconductor
(CMOS) systems, or other systems. CCD image sensors have been widely used in
digital cameras and other applications. CMOS image sensors are also becoming
very popular because they have low production costs, high yields, and small sizes.
VCMOS image sensors provide these advantages because they are manufactured
using technology and equipment developed for fabricating semiconductor devices.
CMOS image sensors, as well as CCD image sensors, are accordingly "packaged"

to protect their delicate components and provide external electrical contacts.

[0004] Figure 1 is a schematic cross-sectional view of a conventional
microelectronic imager 1 with a conventional package. The imager 1 includes a die
10, an interposer substrate 20 attached to the die 10, and a housing 30 attached to
the interposef substrate 20. The housing 30 surrounds the periphery of the die 10



the interposer substrate 20. The housing 30 surrounds
the periphery of the die 10and has an opening 32. The

woO ragier473% al so i ncl udes a transparent cover 4P@VES2003ME4632
die 10. [0005] The die 10 includes an i mage sensor 12

and R8¢ ah dliening BRY THe ipsugkrpadisoidclates artrarapayestasavieed0 over the
to the i mage sensor 12. The interposer substrate 20 is

die“tC&/pi cally a dielectric fixture having a plurality of
bond- pads 22, a plurality of ball-pads 24, and traces
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external threads 62 engaged with the threads 52. The
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suppuat bagatthahiedr twethec hoosing 3Gragdra biasrel 168t adjbstabhaatiached to the

supsb i "B suPoit 20" Spbinelide Bemaf 84S 2l &by hgdparel 60 can
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the surface area of the bottom of the interposer

inclusigisst leas & 2y rriedibytthe basieh80f i cant |y | arger than the
surface area of the die 10. Accordingly, the footprint

[0007] cor@retprobiem with lcageentioral packagedmicroelestrenic iozagers is that
theydravi elalivelderge fiedinnS sndrselpy dsidaficmeBodileioiettical space
(i.e.,$ﬁ§hcwiiéw.al Eor 8Rampld, NBetRokRintr&hBARiaRfelret in Figure 1 is the

refore, 'there is a need to provide mcroelectronic
surfaceagreasofithe thatom péthef intarpesen substrate 30ewhigbrisisignificantly larger

profiles. [0008 t anogher ohlemof the, . :
thar §iR, SHFR e Pt dre 8t ARCRRIEM the; Mgt of conventiona
packEyedlt Whiercusttini®tikRiges® néarribeary dintifing | failetdrr iri the design and

performance of the imager 1. For exanple, the die 10 .
markefabilitygel ickiresallopongseoh BRAsngecisgnihess\davices afescontinually

.} \" I j g c i I ; . .
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imagers with smaller footprints and lower vertical profiles.
[0008] Yet another problem of the conventional imager 1 shown in Figure 1 is
that moisture and/or other contaminants can impair the performance of the imager 1.
For example, the die 10 is singulated before the housing 30 and cover 40 are placed
over the image sensor 12. Accordingly, the image sensor 12 on the die 10 can be
damaged by tiny particles generated during the cutting process. Unprotected image
sensors can also be damaged by particles or moisture in other process steps.
Therefore, there is a need to protect the image sensor during the assembly and

packaging of the imager.



damaged by tiny particles generated during the cutting

process. Unprotected i mage sensors can al so be damaged
whpoparsrsocl es or noisture in other process st eREEL/US2005/014632

Therefore, there is a need to protect the inage sensor
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i mager in accordance with the prior art. [001 1]
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[ i1l ustrati,ng subsequen tages in a nethod for
iR A TSR SCRIB08 W BEIRRGA a plural ity of
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seqguent ages
of pacioatsot@nic iphagiad uhits af the wafeellew iraccordange mithuam embodiment
fhe wafer |level in accordance with an enbodi ment of
OfaT‘F‘e"\VﬁO%?ﬂl on. [0013] Figures 4A and 4B are schematic
si de cross-sectional views illustrating various stages
[002]la nefFictues &A&g‘ckq;@ ghgmgtlgrgpet grqg,p-sectlonal views |IIustrat|ng

gl
o SRS S5A500 o RB0ER0CH Hotedhg'd B o R fronic imagig
unjt® @t e walprrievd im aceorlaheewmtithcars edbodimerst-cfethé iimveation.
viewillustrating a stage in a nethod for packaging a

[0 3) al | Figupés AAC ARG |48 bfed BLlfeBBgisitie briskssettiohdleviews illustrating
wafer | evel in accordance wi th anot her enbodi nent of

variges stagast inchmetioed fr prackagege .pgiralltycqfén@fqee!e%trmc imaging units
at ﬁﬁé’%f&%&én%‘ %'cgefﬂd%Wc ﬁm@ é}?&héﬁngmg 'ﬁ%g fH¥ention.
t I'ment of the

in acco one e
[OM1 ent | ?‘bure 5 is a schematic side cross-sectional view illustrating a stage in a

method for packaging a plurality of microelectronic imaging units at the wafer level in

accordance with another embodiment of the invention.

[0015] Figure 6 is a schematic side cross-sectional view of a packaged

microelectronic imager in accordance with one embodiment of the invention.

[0016] Figure 7 is a schematic side cross-sectional view of a packaged

microelectronic imager in accordance with another embodiment of the invention.



[0016] Figure 7 is a schematic side cross-sectional
vi ew of a packaged m croel ectronic inmger in
wenodidasice with anot her enbodi nent of the PCT/US2005/014632
i nventi on. DETAI LED DESCRI PTION A. Overview [0017] The
DETAILEDI DESCRIPTIBNr e descri bes several enbodi nents of
nmet hods for form ng and attaching covers to
m croel ectronic i magi ng units, packagi ng
A. m cOgehaswroni c i magers at the wafer |level, and
m croel ectronic i magers having covers that protect the

[001TR0€e SEHS fbllowiey elistlostite UdstrbésS selerah @mbbdrmentnof methods for
attach covers to the imaging units early_in the

forpirgagndg attesbings e@vess off@ ciMickeleHERfiC s#Raging diNitsng packaging

mi&%%&%ﬁﬁt irﬂéé&@b Ly tﬁgdwgf’ecrkféQ/ngaﬁcg ORRIYEIE tromE Y fh&ders having
enpodi ment s of covers for m croél ectroni C I nmagi ng

cousTs ttRatapibtenttthe dmagersenisbac iSevera wrhbadinmngs bbthe invention attach

m croel ectronic imagi ng ynits are expected to .
cogergﬁpftr@aﬂnﬁgmeewtsge@ﬂé 6 dbe %&a@ﬁm@%ﬁj farRgRtAgt the image
sehdr S d@ﬁﬂg prs%%éguéﬁ}r easlrs% gh8’ %%'cﬁ&%ihgn'&%béﬂiﬂ%.s Several

conpare 0 conventi ona evl ces. reovel’, the covers

embadirbents afmmyess fori microa¢leetdonit imagingtirits had ehethaldis far attaching

. 1.s expected to,signi.ficantly enhance the effi.ciency, of

suGth AOYLS 10 IRIPSIFRINS WBedine;unis g pegldipudnficanty teduce the

codt fof aksémbg IMBGInGLnitei drid prRYliuRE rR8K ARt microelectronic imagers
si mul t aneously using highly accurate and efficient

coppatass de scefpigntiopald deyicesabMergovay Henicoyarsucapr be formed and
ins%ql\ré'ggftzge[vggf%ﬁ}]evgﬂ ewﬁlﬁﬁ g\g/ éqx%ctteggtg'sﬂéﬁif\g%%o%%%réceathe efficiency

towar d” wWaf er - pro

of wlanufdotlinhg@microeRictrohiryimigers bedawdeoa pharalityrofdmaghg wits can be
units. An enbodi nent, of one such nethod conprises
Pa?}ﬁﬂﬂddﬁ'ﬁy-‘"@n@w&’ %PQ&'@M QP&WEHQ ang ieffigierdt proceases developed

@;@égf- j S.Sd iakion and a plurality of covers
forgfé] z!m P gf‘éel\(ﬁc?ﬁ%@?tlbfg%ﬂé%ﬁstrate. The covers have

10048 ra. o8 TpEL 8P isG BT b el e BRf P g cosses for

forfrtitligf hgr piunglitydes oveys dforduse MrcrmiresietPonic Waagipgeomits. An

i ncl udi ng a second substrate having a plurality of . ]

emboglinentet PB;sIchi r@@thOﬂh@ompage%mwwnag% Co¥Ak wogkpiece having a

first %hBQ{réfeeﬁagéﬁml‘s‘é|\ﬁeStoe£ erSBfa?iSﬁ' and Sg?l&la?g bP chiérs! dR3Rd/or in the
sensors, and a plurality of termndls . 0.,

firshsntispatds) Thkemvers Abvg windpWwe dcdnoprising e#egiondiafghe first substrate

ol LS S P R BN b nudpsproviding
mitYoBRRYSONRY Gvérkp@eed iMiiding a second substrate having a plurality of
microelectronic dies. The dies have image sensors, integrated circuits electrically
coupled to the image sensors, and a plurality of terminals (e.g., bond-pads)
electrically coupled to corresponding integrated circuits. The method continues by
assembling the covers with corresponding dies so that windows are aligned with
corresponding image sensors and the stand-offs contact corresponding dies inboard
of the terminals and outboard of the image sensors. The first substrate is then cut to
singulate the individual covers. After cutting the first substrate, the second substrate

is cut to singulate the individual imaging units.



correspondi ng i mage sensors and the stand-offs contact
correspondi ng dies inboard of the termnals and

woznborrsh of the i mage sensors. The first sSubSHOTAUS200%014632
then cut to singulate the individual covers. After

[0018]t | ngAhbihet | ragpestbifr athe, preseatcdmertioipst fsat dirested toward

cut to singulate the individua ing. units OO
migEest %P"&%E@Q'”Sf U?'ﬁ@%ﬁ@ﬁ’é‘ﬁ? ﬁi/@rﬁg Rﬁ%‘ﬂage&?e 'qu""se used in
wakEMeld ageéggﬁhgcéfr PR foel dBINY |H|Bb Wé;a tdibodiment of a

are pac ot herw se used eve _
migraeleniiionic inhaging uod! assentty i amaydagcej mmhstheci)wention comprises a

cofa SRt R AP G WERKPIGHE C GRS RYEE Worklges ncludes a first

suwfé‘tﬁ'tﬁacr%nﬂgﬁvé toadeireairdaRtivRWith & pfurailtyf CoVefs. The individual
wor kpi ece includes a first substrate tranSm ssive

covrrsi Inaludeicd awinglowpniand pﬂtamtmﬁt prejeciing efrem the wmdow The

i A 2 RARES PSS, B AR BB Ly o o

micrvelestieniadieec omdividustdies emodeleh ah imageabensorotn integrated circuit
m cr oel ectronl c dies. Individual dies include an, i

eleghically colpleditadhatimpag sensar. andcarpleelity %d@ﬁﬂ@@'& 899 bond-
pag%)ﬁgfggg’gz)%llzﬁ:g}??[edc ﬁealnﬁ’éucgfa@g %IYCL?{] ﬁ'ﬁ%{ﬂé@lﬁ‘éﬁd &%c@nd substrates
are coupliet. togéther isosthat (ar) Memmdomkm'eraltgemdamdh m:onpbpdndmg image

sopiseanuiBl e Prate serlar e Gores dirdaiest.an ingiigual image

sehs6H andi te‘Fﬁ\Yr?JI§ c@Fr@sP@ﬁd’lﬁ@"ﬁo e iMldbﬂqmagéw%or such that the
sensor and the termnals corresponding to the

stangdaofis doaiot comgpletelyraoyer thectermingls.t he st and-of fs do
not conpletely cover the termnals. [0020] Specific ‘
[0G20]ai | sSpémﬁe\dﬂtalls efrisedenat ensbarfimehts ofhtentinvemtianeare described
escr reference to

! t .
be forsies LEM QS BAGERIIEVEE 4 MosGuanbBeeRiaNding of these
errlFBHdlr%Hf%r S BEHTeBMboBRAeMS E&F haBOEDS n%g@Fsh%rr other types of

types of imagers. Several detalls describ
imagens- kifeveralt dataulardaesoorbt@\/@diéﬁmm struaturas often associated with

i croel ectronic devic forth in the . . .
IR BBl o0 0PN dae JEIPnh cBSetpgap, to avoid
unhBeedisity bBst@ihgthd BesehptidinoskthecdigeibsBBNémbodiments. Moreover,

Moreover, although the follow ng disclosure sets fort

h
altbeygh the @Hﬁwmgxdﬁf:@syfe aetsff@fte e Ve embodimentseof different aspects
of thY eiﬂ%% 3l ofidiCEmBBARTLATE o tl'g grﬁ\gaﬁwghﬁv@é’r‘i 'HiVe different

can nave er ent conf i gurations or

configgratiens er diﬁf@neﬂtmmmaim:s tHzavthiose tdeissrilsed in this séstion. As such,
such, |t sng d be understood that the invention

it ﬁl&%dobﬁep npddhats the (iRvention may have other embodiments with
additional elements or without several of the elements shown and described below

with reference to Figures 2A-7.

B. Fabricating Imaging Units for Use in Microelectronic Imagers

[0021] Figures 2A-3C are schematic side cross-sectional views illustrating
stages in a method for fabricating and installing covers used with imaging units in
accordance with an embodiment of the invention. Figure 2A, more specifically, is a

schematic side cross-sectional view of a cover workpiece 200 including a first



addi tional elenents or w thout several of the elenents
shown and descri bed below with reference to Figures
WERM0F114B50 Fabricating I magi ng Units for Use i rPCT/US2005/014632
M croel ectronic I magers [0021] Figures 2A-3C are
subsirate 202 ltavingla finsosikles204 iandad secend sidd 266 rapposite the first side

204. Sﬁgsgﬁést{é]@gtrg}eqt ngﬁﬁqu{gntﬁﬁéégata\'qlﬁrgﬁ@gqf' = a ' gﬁc%ﬁ'tes 210 at
whichMARRidEd d?/terst e 'c'&\ﬁ%ﬂ’hbt%ﬂ ol 'agl‘c'l?c?r %Athe”ﬁfs? subsfrate 202. The

speci |ca Is a schematic side cross-sectional view
dewoé giteso 240 amlapnameleIrOa desiied ngrray farr dhe uhidisteate 202.  The

2. h firs, j 20 d.. . 206
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the fir'st $itrate 20p 4 b @utttbashngmat@fmdwmbet:@véi@\fro?ﬁ esich @ther.
at which individual covers are constructed on

[oongd/ orThdfifsh %uBét"réﬂé mb%ttféﬂs%@gee td '&edééfﬁ’ébgsfpe%'tﬁjﬁ?of radiation.

are arranged in a desired array on bstra
For anlEh wheouthd amiagigodies lage mwsmlnﬂlglw capeerasnthedfirst substrate
anes.

d. b A
202 & irafRisteg iohh My RNiE ofS. Sttt ortdel st Sftsitts 202, however,
can @)@Vt?ér%rﬁl%QNéQ@thrQ\hB%& (UMYGGRI, iffrgreld fa@ﬁatﬁ)\r‘bﬁR? @ing/ot0zhy other

is transnissive to a desire spectrum of radi ation.
suitghie spretrpNaceardng toEhe padicalgr @ippcatian eltheimaging die. The first

substq}ag%?ﬁqzss%lgggﬁéscq %ﬁ erd 5§t%e w(ilf%fze &Qén $ and/% é)ther suitable

spec rum
matdridist Irsabmbd&hentEQﬂrecttidA_mMrd imagirgeradiatiohninthe wisitble spectrum,

the ﬁﬁrﬁgﬁéfe;gé%nggggé@@\} ¥ rﬁ%ﬁﬂgt&ﬁd' ALPIRL oD other Udesirable
specﬁﬁ{)sé %‘f"rﬁﬂlfggﬁ.' '?ﬁ%'fﬁ’@t Qubéttég 'fBlg eQéﬁrplér h@arf beSformed of a

trate can be conpos l'ass, quar't
matqrialsandier, hamel/a)rcoatlh@rthamlttatsl ER rmtrmarall% spentrums and the first

odi.ments directed t ing radiation in the
SUbﬁ{%{? %pge VAR apﬂéet?él&%’? 0953897 ate 202 can al so
havefllrrsthat filter W, IR  or other undeswabl
[°°2§|3)ect rFuaereonE? 2l & isshemgtie sidestcreshsestignal 2WieW for the cover

at , ng ﬁ‘ﬁ@P f?"'aﬁ‘ rﬁ@@h ?f 'EB@@FSF?iO 6H‘grﬂlohﬁvﬁgaftlrﬁte substrate

near Spectruns
202 f iThst firsubghsteate 20Q2ypmaliyhas aaco\art22(r af éach dewce site 210. The

' . [.0023] Fj 2B | h ti i
coveis 229 Bantive foimmerl Bieinét HeacuBenb ARG, bisbhsagcupte processes
used M BbRtcdhdiictrahbfidatRtin €R\ABRGY2ZAnoeha BbIdimBnt, fRe covers 220

first substrate 202 heflrst substrate 202 typically
are foamed yopatterning alayesof resist (vot shewn»eo thefliestside:24 of the first

subsifel A8 e, Bl T RIS Al o AR 222 ana @

plurdlitg oA alindyws |226006mpRbIng! rgiins bhthe fikststibdttlte 202 between the
stand-offs 222. The windows 226 and stand-offs 222 at each device site 210 are
configured to enclose an image sensor. An isotropic etch is used to form the covers
220 on the first substrate 202, but anisotropic etches and/or other deposition

processes may be used to form the covers 220 in other embodiments.

[0024] Figure 3A is a schematic side cross-sectional view showing a portion of
an imaging unit assembly 300 including a microfeature workpiece 230 and the cover
workpiece 200 (Figure 2B) aligned with each other for wafer-level packaging of

microelectronic imaging units. The microfeature workpiece 230 includes a second

-6-



are formed by patterning a | ayer of resist (not shown)

on the first side 204 of the first substrate 202 and
weeofringsot he first substrate 202 to form st and@iiR0&204632

and a plurality of wi ndows 226 conprising regions of

substeatei 232 hawhgta" fitst siti22®4t avsevomd sidet 2361 oppbsite? ik first side 234,
The wi ndows 226 and stand-offs 222 at each device site
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covers r._enbodi nent 2 Fi e 3A .
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se3§8rshﬂ)tl cubtaring rpidtufdsder Her MageoLnsl the 0lﬁisnB%ﬁspectrum 'In other

opposite the first side 234, and a plurality of
embagiments: the imageisessosn254 can desectigiasion in qther spectrums (e.g.,
n trate 232. The dies 250 are arranged in an
IR???%{/?%'? e second substrate 232, and the covers 220

(0GE5Y, copblei B er @i, 368, Fo5 R ol FOuE 6 imaging uni
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252 gshovvn schemati cal | gee i mage sen
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of The imm@egeseresmso 254264 mresbendM@Sdles 5 |Emges‘smdsmff K22, more

or. capturin ures or, oth [ eS|nt vi si bl
SPERBEINLIAAN PRIBHIhOuSRRoC IHSUIA a2, et S1Hing: S between
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ranges Fi gure I's a schemati
is opeamwsbccmapiad sp that gt Ieasi a rpagiiory ofi the tmealsl 2156;@11)8 exposed.

after, at rst s trate 202 t,o the sec
THE WEoRis 24 of thellfivgl oo R20 418 iosfiBnel “let Sl esBRding image
sk 2L s5ET B caehstamd-8ff 232 Ayd Rifdw 226 close an image sensor
stand-of fs 222 of the individual covers 220 inboard of

25dhie a seerssaPdd 2 Sheanindaws 84P carefspasedi apait frogh g #mage sensors

| c t f
25%591/ Qgséct]ﬁ?ﬁ?gpqoeﬁg a'ﬁgerﬁl sZeﬁftgeq 2@ ?Qé c%ﬂ%’zggb gf\%?g%vacant space
sedRd umdexr areakiunm do ben&ﬁua?tly Vst wenymﬂtmensbe imade sensors
and the termnals 256 to which the srpemf Cb n}a
254 anghthewindows 226. The cells 260 can alternatively be filled with an inert gas
having the appropriate tranmissivity to the particular radiation. The distal ends of the
stand-offs 222 can be attached to the second substrate 232 using wafer-level
bonding processes known in the semiconductor manufacturing art, such as
adhesives (e.g., SU-8 or Benzocyclobutene) or SiO, fusion bonding. In other

embodiments, different bonding processes may be used.

[0026] After attaching the first substrate 202 to the second substrate 232 as
described above, the first substrate 202 is cut along lines A-A to singulate the

individual covers 220 and expose the terminals 256 on each die 250. The first
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is operatively coupled so that at |east a portion of
the termnals 256 are exposed. The w ndows 226 of

WO mds/viddseal covers 220 are positioned over PCT/US2005/014632
correspondi ng i mage sensors 254 such that each .

subbaate 202 i22gt QOﬁan@dWM&ﬁh@ﬂMcﬂﬁact&fg ﬂféiaﬁdérﬁﬁﬁg)termmals 256

254 in a recess 224. The wi ndows 226 are spaced
orfthgnsesrnd stfsiratendd? withs Aheyyculting blagdasy cly %fi@tﬁubstrate 202 is

ge'?\% + & iR lbla%%opalrshﬁzﬁ‘:élb g%\g%g% acﬂag?/}?@m f étlagr%t/ $heth&ds can be

d Under & Vacuum Irtu
usnsdttbcwt tredt fikse subdteate r20@ealorg tives A2A 4e gnd tdser)mv ndows
226. The cells 260 can alternatively be filled with an

[oome]rt gRefeRivigngexthe RigueddC) Htieesédcﬁlﬂn?;tﬂﬁtndté Y 3Raistdue along lines
articular radiation., The distal ends of th 5
tonsingulate sndivighal micraelestrarlg IMaging: usks 289 fEmseach ether. The

Iﬂ(?IsI%UHF hg&owc%fonk@yﬁ qlhgfﬂﬁ’fnegzsw B4 13éry uhaggggs%\g%@aﬁal packaging

sem conductor manu art, such as a
stées, @s, delidriBed ibelimm myreferbute teefFiguresS6 @hdf Uusi on
bondi ng. In other enbodi nents, different bonding

[0028F eSS@néf%yivbﬁtagée@F- se\I36 rmioldirmentst fog abgcatirey microelectronic
first substrate 202 to the second sub_stratg 232 as .
Imagye Ul dansibed: alove Mmath Eqapect 40 Mignres <Acde g thad the image

A, ¢ DTSt ' '
SopRER 2 ei€ LA GUbheyin SoHle g P S Bittonaing i
swigulamrng hise: rmoendowbﬁrawaﬁl ongubsegueemt- pamkaghngnprocedures For

ex%ﬁﬂﬁ@aféleegczt ne er l %ctgﬂfa:lﬁ}r%‘ B?%{%@ESS %%fn&wgual dies 250
frorH kfﬁj‘idsahﬁd uttitlEs Q\ﬂﬂl%rélh{l ? G firdttdr Q&ﬁﬁ Méﬁ%’(@g 002 or 232. A

arranged I n a gang ferent nethods can be used
single smalk partitiercan &umenrlmagemsar 8h4 fon migb-endraprlicgtions, such as

o 355 R H TR0 BRI, Sl B OH) S o covers 220

the ivret Rivel b@ﬂjrwsd%mtmgcm@ahaMdm idtes D8O, the ittidesseti¥drs 254 on
from each ot her i ndi vidual mcroelectronic

the riadivisyali diess 258 areaproterdad Wviaagheasinouialian process. Further, the
rpBEISRE 268 RSN IS 250 2 e ol A S subseauent

' paskbgithignend assemblly avocessiesnguch as odeelsdniding and/oagnagpsulation.
units descri bed above with respect to Figures 2A-3C i s

[0029} t hey dt ER@EhSreatB/RIhtagtbdf tiecprotess ol fabriditihgtthe imaging units
seal ed cells 260 before proceeding wth singulating

28 deseidortl abowst isathat Abereyiis élSPo§'éQQef@f gricitienal ngpacers or support
e t t e
SRV Slop P 220l er Y idhid70 A6E585: Jytancots 222
arél mt@graamd)nmmrtémd; ezsf t,tm lirdicidugi wgveéertse 2R0r anhd oaresed:tanﬂed to the
3“ St tes gOOZ or g
in |V|dua les 250 to accurately position each cover 220 over corresponding image
sensors 254 on the dies 250. This is an efficient manufacturing process because
there is no need for additional steps or processes to construct spacer elements on
the dies 250, mount individual cover windows to such spacers, or mount a separate
housing to an interposer substrate. Further, the stand-offs 222 on the covers 220
provide very precise control of the stand-off distance for the covers 220 with respect

to the image sensors 254.



single small particle can ruin an imge sensor 254 for

hi gh-end applications, such as digital canmeras and
wtoos/ur4@socel | phones. However, by attachi ng tPCTROS200%014632

220 at the wafer |evel before singulating the

[0030) Vi dFRjurds e3A2HNd UB illoStestes teryss iR54 onethbd for fabricating
i ndi vi dual dies 250 are protected during the

MigraelRftERNIe NNMAWRG sYNits- Rt ABFOrdaRee | wﬁgeageﬁ%r gmpogirggnt of the
ln\}el?ﬁohnd*l'\‘lbdﬁr% s@'bﬁfrat%sg r|§ |ﬁ!1%ﬁ¥/|%8&€é§e%d dugy and described

sequent packagi ng rocesses, suc
above avuttomienegncartd/Fogures@ﬁpBul %gumﬂA[@é&heMmam@e bmss sectional

vidhhiof dhd et warkp RSy dtistSfad: i Fieie 4 in S melieticaf aignment
witl@hé | ARPOfeBRAE CWDIIie s RO %hHWHbFH Fi 5%{93? ﬁgpor@nﬂﬂée the process

covers 220 over the individual dies : _ _
desteibed dr Fsguxes ?a&-éQ rlnpwyvar tberfwshemhsctrate 20Zeis cut to singulate the

dual 220 a # tac t he. ,
ingihd] iers R0CH St BnBin e EbyAREHS IS fusrotesiue workpiece
232)20Th7é/ﬂfst %Qb&@éﬂ@ozmz I%%cthﬂgW&ﬁﬁ@l@g?We@G €he sébafate individual

50. This is an efficient nmanufacturing process

cou@ts'a@%@ frame eachsother hetade raigningdihei evers 228pwitly the image sensors
og)r ocesses to construct spacer elenments on the dies
50, nount individual cover wi ndows to such spacers,

oBET T aRefeRBRHEH ol IOl 4R Mo I 5885 e 220 arg alianed with
coPr@pBR@Mgdmagey Yerd?§ 1254 aaiaktathéd té fife $eedbAd Gubstrate 232. The
di stance for the covers 220 with respect to the im

wisdawar£r6osm (bdpaty dustalech At #ndesid 1acaions et gaene of the
lmagease'ﬁgbwgﬁl Un tfh%%\lljmﬁﬁdé;%o S56¢€ @O?l‘é"r rtﬁé” |%|¥§B?L§&/ers 220 have

n accordan er e
beenvataom toTthe dorrespondingtdias 520thed seccmd sabdtyate 232 is cut along

Iinfa§ PEZES g;:‘o%%gﬁgto \ggp@n Olgy(/j ?p % j@?(%gg bov_eti%tgg?grj Zlfnetg eansC qlustrated in

F@]:r% $C S]Ghé Qﬁ%nt‘égé%f%lstéiﬁbﬁgﬁ%rnt‘{Pfﬂé‘?'tﬁé Qiex0950 can be tested to

l'ustrated ITn Figure pot heti cal al 1 gnnent
deimhine Henawregobd aties &5Aobéfore attagBingsthewpovers Rute the individual

nli ke h roces escr' bed in_ Figur 3A-3C .
didaalors st e GOeE el s gaphed I B Yo Kydarqood dies 250
tota|i}6|d wggfmgjg@éd e8Véarss 220 before attaching the covers

to the mcrofeature workpi ece 230. The first

063‘?}5”35’9@'@25' %CQ%é’thﬂé ysﬂé“cr@k@-@gcﬂléﬁbﬁsv@mpshewmg a cover

separ at ndi VI covers from each other before
warkpigeerfipQ heamwdasc@thartdihemembndg@erﬁmfébesnmlon The cover

wcg;gg@lcé g% Léé]% ?g‘xgbsb\p&ﬁg r5"3024'R*=1wtn£;]ea irs 'sm'ig %4 and a second
side 506 opposite the first side 504. The cover workpiece 500 further includes a
plurality of discrete device sites 510 at which individual covers are constructed on
the first substrate 502. The boundaries of the device sites 510 can be defined by
cutting lanes E-E along which the first substrate 502 can be cut to singulate
individual covers from each other. The first substrate 502 can be at least generally
similar to the first substrate 202 described above with reference to Figure 2A.

[0033] The first substrate 502 further includes a plurality of stand-offs 522 on
one side (e.g., the first side 504) of the first substrate 502. The stand-offs 522 can
be composed of the same material as the first substrate 502, but the stand-offs 522
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correspondi ng i mage sensors 254 and attached to the
second substrate 232. The wi ndows 226 are individually
WO met/aldrsd at a desired |ocation relative to aE/w$2003nE4632
i mage sensors 254 on the individual dies 250. After
aré lgeneraliyviatpdserbgea diffstenhmaterist e IF axteachsid, the filse substrate 502

cobhe 0BG S ToS s 5B sBASeR oS8 by b EGrgpner. The stanc
oSBT e et kal? o G i) i s 510
a psiternacormesposslingta thalpatem okinagewsepswd 24 and3erminals 256 on

bef.or ttaching th ers the |ngdividual dies
thd Sprofedtute forklesd o e Bt 58 Be Stindiffib §22 fepfe & Fecess 524
at "eb@h lfeqive- S1R0sH 0l il heCena\cTitke ViPst SUBSLraROSOZ Béﬁ\iéen the stand-
0032] Figure 5 is a schematic side cross-sectional
i R4 aneowindgws B8ver wor kpi ece 500 in accordance with
anot her enbodi nent of the invention. The cover
[0084kpi edbe56@Ndraffud@? gafhi betfoemedtoratthesﬂm heulistrgten 502 using
scidrEpriSiiE pigs o FdT Mo leresdRRinoRe ethniues, o other

duspmzslmgds&m@s@éyr #h istily fathet srAbSdimeh®y, i the stan®offs H223dre formed on
I ndi vi dual covers are constructed on the first

the ut@tsuasﬁawo@OZ by engjdingonetesial ontothe sudbsirate af attaching pre-formed

Lhe tty i
St oS o I PuRlgBe . MRS shE el r Pl 522 iV apon formed
orcthecfirst émmate@bZQtHBECoveTh@oﬁ(bre%‘e 500bsdn be eud@briplind¥eE-E either
at | east general ﬁ simlar to the first substrate 202

befreQn aftal tapd-Offsde toothe; W@ AN S[‘r@@%@?z as shown in
eltEP?FfdJrétSBs?‘ﬁS?g%@ g502 further includes a plurality

2 on one side (e.g., the first side
[05:9 be E (#LEgé Ier L ﬁﬁ;@tﬁg ?r%%é:rla-lfgﬁ %)‘?tnda@&es Erlggcnbe several

ensbﬂmatﬂeat@ diOtEbrlbalﬂing levetsaatidofrhaging 2anits g@ﬂesel iny microelectronic
conposed of a different material. For exanp
imagets.  $hsLovarssargor ihg 'rB@Q'EfGéWtf aAYeVek C@Pa%lf‘éfm%d US'"Q other

T e

is nodlimited 4o tlni@wade:ui;artreetr@ﬁ@ and/er gtaidteras dmuribeﬁca’lxdjveg but it also
othe ern ors 254 and term nal s

ingoen gtemalvs Suthoed T TeRrEaoE Cov i pns IR0 ngrus”
stand-offs 522 create a recess 524 at each device site

C.510,paragintfoll MErsIsciednit abibfsst substrate 502
bet ween the stand offs 522 are wi ndows 526. [0034] The

[093?10' offigureg26Ccamddey fitiistrste ORifidient | sribodiFiesits abF methods for

usi ng
packaging mlcroelectromc imagers using imaging units with covers as described

above. Although the following embodiments illustrate packaging only a single
microelectronic imager, it will be appreciated that a plurality of imagers can be

packaged simultaneously at the wafer level.

[0037] Figure 6 is a schematic side cross-sectional view of a packaged
microelectronic imager 600 in accordance with an embodiment of the invention. The
imager 600 in the illustrated embodiment includes an imaging unit 680 including the
cover 220 described above with respect to Figure 3C and a microelectronic die 650.
Like reference numbers refer to like components in Figures 3C and 6. The die 650
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screen-printing processes, three-dinmensiona

st ereol i thography techni ques, or other disposing
wprosesgss. In still further enbodi ments, the PCT/US2005/014632

stand-offs 522 are formed on the first substrate 502

has byfrm}llﬂhlélgmwrﬂ(rjé @fb?beﬂd@ mhehﬁté)dfr%@fwthem?mduhéﬂgn integrated
re-10 St an (0] onto the substra After the
C'rcua GP3| {sg;waf schenaticH % a7 IMAGee SN ¢§4 @pgranly tgpupled to the

mte%r'a{e%t cRURB 653t %néoén ar SPY u‘1‘51§k&@?@.ggogoﬁ&?ﬁlgﬁ)gelectrlcally

along |'inés ore or aft atta
couplbétstlm]mﬁegrébecﬁdﬂ:mtﬁﬁme second substrate 232 as
shown in either Figure 3B or Figure 4B. [0035] Figures

[00334\ 5 anee U@ﬁ?@%@@tf@nttﬁ&tdlemsfﬁgﬁnm F@We\m% that the die
di ments o apricatin covers an | ma
650 i3 2 plirplty e el eprdbciive deiesonests, B & haViligya dirst portion

elec%reﬁt%hggggg%i t‘énc':dr?*esg%ﬂ fernﬁﬂirls ?gg]fa'ﬂ{d@ eohdpariidieElectrically

they c urations.
coupled do dionrgisponding tpnlbpads 668\mntheoaeccsndweldel i pkthe die 650. In

the iTRheRE ShowalE Bt Bl inBldanberloBrt e dbts dnrough-wafer
mterfcahﬁe@t@tthagekié%dcmp@téydm altn@ dualaa) from BRckagisie 610 to
M croel ectroni c | nagers gures 6 and 7

the seq:omﬁ sidecb t1 f fAdtasnati d@thﬁédteis maynmthlmbldeohhrough-wafer type

QP8R 7 A EHRRHS S i K R b ypoesse

discRyseddinTens s patdritsapsicatipaatagberg 10/M18,878 1 edlited “Microelectronic
m croel ectronic imager, it will be appreciated that

Devisesr Methgdsffor f@gw@ o4as e MisErelgetioric nlpyigaeoasy yMgthods for
PacH@ @’aigl él%}ff?})mc[ B%Z%a P QUHCOR 6vélnB€Pe|@t2(§0§ éﬁ@rkms Coie

| onal Vi éw of a package m croel eétroni
Docketalyer 16&298?4%!3:)0Mdmh:5 herein mcogpdratidiey refefendeein its entirety.

The JEGngnts PaCeRRES tarmprds i & $50 BaberhStmm praftersngulating
the @au%@so %Lﬁ'@% | bagk B‘QQhSQdéNBBQ arr@%l'?r?éd bR ahdHif tRCsecond side

Cr oel ectronlc di e ) I ke reference nunbers
611 rafftbe die aﬁokand;@ﬁpcﬂmﬁleredntq:regw\@selctealballs (ngthehewe) or other

condlBd B Bty F iifie” BineRiodody 54 iBafh Poasmey aitsinciude the

ball-ﬁ@ﬁ@%@é&ﬂi/bb’t}\e fdeér®gie. sensor 654 operably coupl ed
to the integrated circuit 652, and an array of

[ooéggf M ng §nEhEr G8p8et Pﬁh’éderl%géh'n@rﬁt%&étfé?céﬂhﬁ Fq 6dthe imager
the integrated circuit . 38] 50

600 giahffurtber inchadehan dpticsgnit QHGMache@futcg theec@cenzm ard aligned with
the wﬂagg sénsor 654. The optics unit 690 can include a plate 692 and an optic
member 694 on the plate 692 to transmit at least the desired spectrum of radiation to
the image sensor 654. The optic member 694 can be a lens for focusing the light,
pinholes for reducing higher order refractions, and/or other optical structures for

performing other functions.

[0040] The plate 692 and optic member 694 are supported by a support
member 696 that accurately situates the optic member 694 at a desired location with
respect to the image sensor 654. Suitable support members 696 with corresponding
interface features are disclosed in U.S. Application No. 10/723,363, entitled
"Packaged Microelectronic Imagers and Methods of Packaging Microelectronic

-11-



650 has a plurality of electrically conductive

i nterconnects 657 having a first portion electrically
waemepladst o corresponding term nals 656 and a EETO$AH05/014632

portion electrically coupled to correspondi ng

Imdeelrs,” [fists drbBlovenibee 26;C2008 §H’>@kk|rfi; ChioDddket Ne 13@8298746US)
I'n_the enbodi nent shown in Figure 6, the_intercaonnect

whighjs hetein neorpeiatee RY Fefeeance indiscentiiett sThe Rlate 6P s attached to
Bt 1

e SIBRGH ke A5 Sy RAFEAD SR, 1Bl €18t oo

embodiments Lojethehopmmumﬂf@o nyane nohtirclode ree plate68irch Tt the optic

t ts, 6 be f d di to th

mefyBsE 69408 shpged dsa %hg%hﬁ‘é?aﬁﬁé’% 61 Y11 on ﬁuwber
10/ 713,878, entitled "M croel ec on| c Devi ces t hods

[0043}  FolPR%gdyaatage, ofthe Jerager 60 dllysirated on igre B 1S that the

m%‘%ﬁ‘%‘g@s n%rg[bellgﬁii%g%&@géy ﬁﬁé@%ﬁg@%@;{h\%@& 'shblvh&f Figure 1.

Thd&&ﬂsﬁmmlﬁ)a imagec I60|Oscarebe|a$ smabasdhetsize bf the die 650 because

ol ST b b BRI L b tacnse
the%hf&éﬁrﬁ{édw 65'79pr3{/|€§ ﬁ@leﬁﬁi&lﬂ'E:@nﬁé‘étmnﬂ%ﬁtﬂé%ha?@ﬁ%all -pads 658

are forned on and/or in the second sid
on th&e secendStleaptil of the dier 69Qiirsiead of ssing wirediansts ealthe first side

o1 B 8. °FnG R BT MBS GAETEALS o R conventonal

imders tiRedaséIBeanttger 60T can! siemdaites. ditd®®$% adnmodule or board

anot her aspect of the enbodinent illustrated in Figure

W't'@Utt%'ﬁtﬁWFWQSEaW f dhperefpre, the Janagsen 698 iscexnasted to have a
e 0

R e
whiphalie p&Zicaladyaadophiagesesbfor @ictuen célle pHomes, 6PDAsO or other

transmt at |east the desired spectrumof radiation to
apﬁl'ﬁét"P’F\%&@eé%ﬁE%‘fe igdumit eFﬁe optic member 694 can be a

s for focusing the light, pinholes for reduci

[OOﬂSEher '%rfléré'?err%d\faémg%ﬁé Q.ifaRgRT GO dlusGated i Figute 6 is that the
|ma§e Bl 6 bfeotresfé‘?f {8k %%ﬁf Bﬁ‘ﬁ‘%'tﬂgﬁjtlewok t£8€ probe can

and optic ne are suppor
cordagtthetbavkeider6 BIO6f theadie diﬂﬁ)ljnateel tﬁwmawreﬁt)Ot tb&x:anqseltbe through-

wa ,%”Bﬁrrg&%f @%ng"sﬁle{lﬁgla%igf%a %E?(% A de O quﬁ -pads 658).
Acﬁg{ni%@g%gﬁﬁg'tﬂ%g%%ggﬁgggéﬁ%’é]@t é‘ér‘?taflt%@h ggg%chsHeSGﬂ of the

die M5€Y, dtevid atat Gialnmgmﬁ@enmwm 165ds thef opticskanjtng90, or associated

cin Mar gel ctronl er 0 fy le ar Vtggtbgr%b%(sdoezsorqg’t obstruct the
BBy RI1 8¢ '8% e5oNen Rt

image sensor 654 durlng a backside test, which allows the test probe to more easily
test the imager compared to processes that test imaging dies from the front side.
Furthermore, it is advantageous to test the microelectronic imager 600 in an
environment where the image sensor 654 and/or optics unit 690 will not be damaged
during testing.

[0043] Figure 7 is a schematic side cross-sectional view of a packaged
microelectronic imager 700 in accordance with another embodiment of the invention.
The imager 700 in the illustrated erﬁbodiment can include the imaging unit 280
described above with respect to Figure 3C, the optics unit 690 described above in
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which is herein incorporated by reference inits
entirety. The plate 692 is attached to the support
wOorBober47896 i n the enbodi nent shown in Fi gure BT/082005/014632
ot her enbodi nents of the optics unit 690 may not
Figur@ @, 4ee @n piteippsershbstnate 101 Ikptreferorod @unttitts igcordingly refer
attached directly to the support menber 696. 0041&]
to likgheoraaQBeRtadR Fdﬁurteﬁ@G nQag%"\JJ an helintesposarsubstratg g2 dncludes a
6 e t
first @ldne\glg&)??tgan\;é I of dﬁEﬂRSﬁtgh%Om%&rﬂgclg 7%%rle f%é&?\g Qlﬁ@ 7’(5‘63 having a
plurality tdiepadsagés. 6'DI®e mahermmsw$tm$hfbte d92t foether zmaclocﬂe:*. iaeplurallty of

racf 960 SRS Sob i rodudl SorfBUBL D L CASEBHENS pacs 7oz
The | cHrRAQS B ban 6% a?l"a‘h\gbaeinaé‘rré?*é?%rr bRAChrAGANES the r&oh@spondlng
the array of ball-pads he second side 6

terminais R56 @Bothmdteeé’@oofamﬂsthﬁg pads e’tfheas be anﬁ@gedm arrays for

600
ot Bhed i ah ettt ondel¥ ke el RUshocisc
[ 600 d
1004435, "% frmeengs ihis CROTEAR bes afadtad b8 tie ifterter Substrate 702
W|th' é’W%he@iQ@ fi L BPeEbRY bPahsthar 3uRBBle! RiatéRAl PARSE aBiBiéhing the
| ower profile than conventional m croel ectronic
|mag|ngg.m|t32 @dheustepmsercsub@tnage é’aﬂaﬁtpig@ims of wiire-bonds 722 are

ol BRS80S B8 SO TR imager

7001 gEORITHEP Gn¢lLie the a3idsi unif-690rattathied tbhtae ¢dwveri2aryand aligned
600 can be tested fromthe backside 6 11 of the die

withdhe image senseir &k can contact the backside 6 11 of the
die 650 to test the inmmger 600 because the _
[0045]r ougihnoan dhe iferegoing rit wilk be sappeciatask thed spsicifis embodiments of

e Bl BSBAEBLb6 Bl Seg P hustio, it varius

modifitatibas baalsbd embdé lwithotitheediaingSPomi thevdpiritnahd scope of the
damage the i mage sensor, 654, the optics units 690, or

inveRtiane; AOBISXABIG: tthe BHicroRledfionif IBATINGe UAlts 8BG. Microelectronic
madfis 32ty 4fy baRbr R e ellles el e Apforerence t

Figures 2ApT obkcdondimgiye teadnventioesit ridtdinnitex exceptngsa by dhe aappended
rocesses that test imaging dies fromthe front side.
Cla"gﬁfther more, it is advantageous to test the
m croel ectronic imager 600 in an environnent where the
I mage sensor 654 and/or optics unit 690 wll not be
damaged during testing.
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[0043] Figure 7 is a schematic side cross-sectional
vi ew of a packaged m croel ectronic imger 700 in

woenodidasice with anot her enbodi nent of the i NVEITUS2005/014632
The imager 700 in the illustrated enbodi nent can
i nclude the imagi ng unit ZY0AIMESCcri bed above with
respect to Figure 3C the optics unit 690 descri bed
above inFigure 6, and an interposer substrate 702;

INvl [ t%ej_a_reference nunbers accordingly refer to |ike

nents in Figures 3C, 6, and 7. The interposer

substrate 702 includes a first side 704 having a
plurality of contacts 766 and a second side 706 havi ng
a pl ur alA methard pffdbrizating microelectropicsmaginggnits comMmoising:
further. includes a plurali.t f trages 767 L
ol BEDYTRE! 7y SRG PR rinsiufing £ofTEL S DSygte tpnsmissive to 2
cor r espead@htién Radsha\ifg aTFI@réleo@QierFs@Qhédfbvbﬁs having windows
arranged in arrays for attachnent to the corres ondl_ng{_
t er m nalcompsisinghragiensipbthesirst substrate mgtanelsofgeaﬁr ing from
arrange%% Rirdidvay s for attachnment to a plurality of
el ectrical coupl®rs (e.g., solder balls). [0044] The
i n%gfb\n@ingné torgitﬁ@feﬁanebvagﬁuaxéwg:hliding@ secbad psutsstrate having a
substrate 702 with an adhesjve film ap epoxy, or
anot her PRKYp0E migraelegfronigs ldéﬁs’aﬂ'tea&?ﬁgh@‘ﬂﬁgi HBgge gSensors,
unit 28 teRG Y/ i
of i o ToRichs U BRERlcally eBLpRUe CPFasPoRUieindde sonsors,
t he di e adf0terminaie elattricaily smuptad s catresg@rding mtegrated circuits;
i mger 70Q can further include the optics unit 690
att ache@fo the cover 220 and al i gned with the i mge
seRgeembiify thBOAsVerk! Ritht EsréSycR@d Bied tsonitthat BR windows are
appreci ated that specific enbodi ments of the invention
have bee@ligned svithhedrraspanding dnageargensess and the stand-offs contact

made. wi CROGEPARYha e Bl BR i, s fBaifor the image
the i nveshéone. For exanple, the mcroel ectronic

i maging units and mcroel ectronic i magers can have any
conmbi nation of the features descri bed above with

reber enge  t r?lgg{c%“&eéltaﬁﬁ;?, ggﬁlﬁr%roégrhgﬁélﬁg Waq ﬂnife?@_é;&%p/gstrate to

is"hot l'imt excep e appen
singulaté theandividual éom“s@f_tér@ssfe&hbli!ngahbr@vér@mm e@rleqmnding dies
[ ing units, conprising. providing a cover “kpi ece
and hr%gf@o(?%ﬁ"%thq ?%‘ionfg{]%&%t%ﬁ%Pq ?'Qﬂﬂﬁt%g QT‘%/'@dtVéd%?viD‘Le :
radi ation and having a plurality of covers, the covers
havi ng wi ndows
3. The method of claim 1, further comprising:

cutting the first substrate to singulate the individual covers before assembling
the covers with corresponding dies;

attaching separate covers to corresponding dies; and

cutting the second substrate to singulate the individual dies with attached

covers.

4. The method of claim 1 wherein providing the plurality of covers

comprises etching the first substrate to form the stand-offs.
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conprising regions of the first substrate and

stand-offs projecting fromthe w ndows; providing a
wonos/of4est ur e wor kpi ece i ncluding a second sulEITB$2005/014632

having a plurality of mcroelectronic dies, the dies

hagi Ng TARBIEEIRHE 06 cldift B0 eEIrC ipreuding ﬂh@%lﬁfaﬂ@'éf covers
coupl ed to correspondi ng i rage sensors, and term nals

comgrises forening yhe siandeeffs by doPeeiting Adnatgriahoaigrthedtst substrate.
circuits; and assenbling the covers with correspondi ng
dies so that the windows are aligned wth

COBI espOndi Agetho@oef TRiIFPrs vaistelnhroviding: dhé Splumﬂty’s\qﬁf covers
correspondi ng dies inboard of the term nals an

compiss 5rraning thestandeefts kemstbesame materiahasibe ft5$t gYbstrate.
1, further conprising cutting the first substrate to
singul ate the individual covers after assenbling the

covers Wihehntatho@spbrthing 1diveiseraind previding ¢Mtpluc;alityleof covers

second substrate to sipgulate the indiyvi ?[Wér
comprisesiRTRYRg dhe slandnefis rem4 Hgﬁer%rbtrmatety@hﬂ’ tﬂ?tflrﬁtgs‘{ ate.

first substrate to singulate the individual covers

bef ore assenbling the covers with correspondi ng dies;

at Bachi ﬂ'@esamahadj eot @lains 1t ovhereire gpovidingg thie esluralityl of covers

cutting the s n te to singulate t
comiaias| thiEIa) B8 BAT-aNs Hbhoar eBIEIging & mubtagehqatg the first
sub&tratem 1 wherein providing the plurality of covers
conprises etching the first substrate to formthe
stand offs 5. The met hod of claim 1 wherein providing
rises form.n

| t
B ofife metedolt Al o MRS PTONERS: 88 (plglty of covers
corrfp#?éé& "f@rtrﬁng Ghe SiMAIEEDBY nIdinbd Malerid) Ohed fheoﬂ' Ry abdteate.

e plurality of covers conprises formng the
stand offs fromthe sane rmterlal as the first

ndBo ot (9etBRd BE . of pi el sty tng" Skl %or covers
conﬁir%@g f@Fﬁthgf ﬂ@h@n@l'—éﬁ@b?%eﬁ@itﬂfg al nia'téﬁhltdrﬂofmésﬁrst substrate

substrate. 8. The nethod of claim1 wherein providing

using-éres- dmnalqnaifst@r@@bth@graphy

11.  The method of claim 1 wherein:

providing the plurality of covers comprises forming the windows and stand-
offs on the first substrate such that the windows and stand-offs are
arranged in a device pattern; and

providing the plurality of microelectronic dies on and/or in the second
substrate comprises arranging the image sensors in a die pattern on
the second substrate, the device pattern generally corresponding to the

die pattern.
12. The method of claim 1 wherein:

providing the plurality of covers comprises etching a plurality of recesses into
the first substrate to form stand-offs arranged in a device pattern; and

-15-



conprises formng the stand-offs by screen-printing a

material onto the first substrate. 9. The nethod of
watoms/m4isovherein providing the plurality of ca@EINBS2005/014632

conprises formng the stand-offs by nolding a materi al

ont praviting i thed  phuratityr @f emickBelettronitceidivyd of ardidmid the second
wherein providing the plurality of covers conprises,

form ng Buesteate PepHSEsHYTARGBS| the HHagensensaralin ghdig pattern on
the firsg
Stercol | Tonraney ofeidind BEFREBAEAT uBhelfl onrespgnaing to the

provi di ndietpadtgghural ity of covers conprises form ng
the wi ndows and stand offs on the first substrate such
that the wi ndows and stand-offs are arranged in a

devyge Wﬁé‘?'hé‘t’hog"tqr &él?d’ﬂ%lﬁ@reWErdUldih lthé ¥ir&¥ s \substrate comprises

m croel ectronic dies on and the Second strate
proyiimg aseafeathatnig tragsmissivientadight émther gsible apentmmat tern

on the second substrate, the device pattern generally

corresponding to the die pattern. 12. The nethod of

claim 1 ThHE RbihodREfMAiF '1%ﬁ&%lﬂb%\ﬁ(ﬂlhéythéfﬁrﬁ%ﬁrate comprises
conprises etching a plurality of recesSes into

providieg axquastzrwatert o form stand-of fs arranged in a
devi ce pattern; andproviding the plurality of
m croel ectronic dies on and/or in the second substrate

CoNMpsi Seyhamh@Red il cldvd 1, TBaReSEsHAP fﬁn?ﬂ a die pattern
on the second substrate, the device pattern generally

cor Peyjsting iarpjuradity akoptics ynisthaving aptic mesbasshard of

cl ﬁ%?%ésl"é% ?b‘? acﬂftgg'a Wg%q g\b ﬁéhé?éorfo‘fﬁts%é’% gelt\pgr before or after

I i ght i nsingelatingi bieedmewﬁthumtadﬂbd Ebeensetahp@p@f: mlemtmr of one
1 wherein &[ow ding the first substrate conpri se

provi di n§P %HaFtbP'%PQP't'O'E atraed ﬁﬂf%&PQﬁt'OBIrﬂﬂVE to an image
further g@ﬁ%rlcﬁtlan&)rrégr@y]ldmd’@ ed plurality of optics
er

units having optic ne and assenbling the optics
units wth corresponding dies either before or after

16. A method of fabricating microelectronic imaging units, comprising:

providing a cover workpiece including a first substrate transmissive to a
radiation and having a plurality of covers, the covers having windows
comprising regions of the first substrate and stand-offs projecting from
the windows;

providing a microfeature workpiece including a second substrate having a
plurality of microelectronic dies, the dies having image sensors,
integrated circuits electrically coupled to corresponding image sensors,
and terminals electrically coupled to corresponding integrated circuits;

attaching the cover workpiece to the microfeature workpiece by aligning the
windows with corresponding image sensors and attaching the stand-
offs to the dies at locations inboard of corresponding terminals and
outboard of corresponding image sensors;

cutting the first substrate to singulate the individual covers and expose at least
a portion of the terminals on the dies; and

-16-



singulating the dies wth attached covers, an optic

menber of one optics unit being positioned at a
walmes/iedsd ocati on relative to an i nage sensor RAT/BS2005/014632

corresponding die. 16. A nethod of fabricating

M CERBhG tHe S8¢chd SWsHtge tmsm?ulat@minai\m;amnéw ding a

cover workpiece including a first substrate

transm ssive to a radiation and having a plurality of

COVEy S, er a n . C r.sin

of e ffﬁ%tﬁlgﬁwg Pgtéeﬁé@gd%stvgﬁég@g} ?JEB \Glrj%ﬁgeg?él ﬁgh'%;"@/m“ covers
corhpfise¥ Sdhing); therfpst slibstrate 10 foref thatstdrd-vffskpi ece

i ncluding a second substrate having a plurality of

m croel ectronic dies, the dies having i mage sensors,

I nt ggr at cl | e rq 0 1.0 ;

cor e'spoﬁ@‘la’ n@gﬁ%éfs%l%@gr{sb?%%%e& e#’r%ﬁg‘n? the plurality of covers
corapesdy formiing/thecstphe-dffs bycdepasitimgnalinmaterialt @go dhe first substrate.

circuits; attaching the cover workpiece to the

m cr of eat ure wor kpi ece by aligning the windows wth

cory¥gsp S r ;

o 1 1570 Tz "eliBpaany; fo erdi REBUAMG, Mo JuaRAly, of covers
corhprisesfarmiranthecstahdwfid fodm dloe sesweandtarial asdlye fisst ssbstate.

cutting the first substrate to singulate the

i ndi vi dual covers and expose at |east a portion of the

t er g nal n i Sq degit b L1 : i

to B ngul i aehiod| EEdaRRCe ki JoRERN e AR Of covers
compases fomiigethel stapdefisdrorg a difergnt maatetigl tbhndbe éirsd substrate.

conprises etching the first substrate to formthe

stand-offs. 18. The nethod of claim 16 wherein

proyi din h I Ein®f i il [

P2t anarer et S Qind 16 WRORIT RIBIIUREE he]HuRy of covers
commptises doeminto.thahetamdtoftad yf screenrplistingiea ematerial onto the first

YO\{i ding the plurality of covers conprises forn ng
SURSI@I8t and- of fs fromthe same material as the first

substrate. 20. The nethod of claim 16 wherein

provi di n% the plurality of covers conprises form ng?_

t he22t andhef methadbaf aclain f 16 embenein qarpwdinghdhe tplgrality of covers

co g gt RS Ao B e

the stand-offs by screen-printing a material onto the

first
23. The method of claim 16 wherein providing the plurality of covers

comprises forming the stand-offs by depositing a material onto the first substrate

using three-dimensional stereolithography.

24, The method of claim 16 wherein:

providing the plurality of covers comprises forming the windows and stand-
offs on the first substrate such that the windows and stand-offs are
arranged in a device pattern; and

providing the plurality of microelectronic dies on and/or in the second
substrate comprises arranging the image sensors in a die pattern on
the second substrate, the device pattern generally corresponding to the
die pattern.

17-



substrate. 22. The nethod of claim 16 wherein
providing the plurality of covers conprises form ng

wa tves/stdasud- of fs by nol ding a material onto thedi/vS005/014632
substrate. 23. The nethod of claim 16 wherein

progi di THe &thBH Wf @ldifny18Wheigr s conprises form ng
t he stand-offs bﬁwde positing a material onto the first

supviding the iphya eréZQYﬁfﬁeﬁ@mgﬁﬁq?S stching pi RIuwiihaphiecesses into
24. The H@Eﬁlgpguﬁgtréig% ?Brﬁpst‘gﬂarcﬁfsnarrﬂﬁd H QQSLES pattern; and
pl urall covers conprises f e w ndows "an
Stpmhdifhg sthen glivalifyi rcﬁtnwbeteca'balcsdaﬂs tdrataridier in the second

wi ndows and stand-offs are arralgged in a devicge
patter nsu Eﬁtﬁr%ﬂ‘w%ﬁj’ @lﬁ%n%pg 'Wg@f sensors In a die pattern on

m croel ffd Sy ﬁjb%‘ira@@ tR8 YeQlcel ghtichh g@ﬁwg SOHRSEpOALIRg to the
conprlses arrangi ng the 1 mge sensors”in a die pattern
on t he dieguattersubstrate, the device pattern generally
corresponding to the die pattern.25. The nethod of
claim 16 wherein: providing the plurality of covers
COPPI | SThe Ph&EtROE DI IR @WHeYelﬁfprbﬁGﬁfQS@@ first Sutitate comprises
first substrate to formstand-offs arranged in a
provitting eevafer thatris tranamyssine 1o light imthepyisible spectam.
m croel ectronic dies on and/or in the second substrate
conprises arranging the inage sensors in a die pattern
ongyhe $ﬁ§¢ﬁ€th&db§ftdlﬁhﬁ16WMréiﬂVpr§ﬁdﬁ'qr firsosmsstedte eomprises
corresponding to the die pattern he met hod of
providiag g @r#heetErn providing the first substrate
conprises providing a wafer that is transmssive to
light in the visible spectrum 27. The method of claim

1628her ai Methoevbffabacatigy hidr6élesubsit imbgireoumts, £8Mmprising:
providing a quartz wafer. 28. A method of fabricating

ni fareung et W'Hfﬁ"éy pﬁﬁgvefg Wging @, f'rébﬁ‘pb?rtéﬁtﬁgWh\eEﬁ'PrﬂP@V'Qual covers

P 1 b2 G 4 VR B R B M pitI5A°A  rocoss

pr oj ect wrtgufirh@rstah@-ofﬁ ndow, and a recess within the

St f:)tpoo\lnciJ ing’ a microfeature workpiece including a second substrate with a
plurality of microelectronic dies, the individual dies having an image
sensor, an integrated circuit electrically coupled to the image sensor,
and terminals electrically coupled to the integrated circuit;

- cutting the first substrate to singulate the individual covers from each other;
attaching separate covers to corresponding dies by aligning the windows with

corresponding image sensors and attaching the stand-offs to the dies
at locations between the terminals and the image sensors such that the
stand-offs do not cover at least a portion of the terminals; and

cutting the second substrate to singulate the individual dies from each other.

29. The method of claim 28 wherein forming the plurality of covers

comprises etching the first substrate to form the stand-offs.



providing a m crofeature workpiece including a second
substrate with a plurality of mcroel ectronic dies,

wda tves/indiovi dual di es having an i mage sensor, aCT/US2005/014632
integrated circuit electtically coupled to the imge
sen30r, Thd retiodadfs cRlirc28i edlerginc forplieg the tpherality of covers
integrated circuit; cutting the first substrate to

corgpfiges treing g standialisdry deRasiing  Gratedekowerae first substrate.
attachi ng separate covers to correspondi ng di es by
aligning the windows with correspondi ng i mage sensors
and3at t aChe ngetiined séfacthimf 28 wherdia fresingt tHeo qdanatitys of covers

bet ween the termn nal d the i nage sensors, such tha
CORRESSS R 116 HangiTsdTe g semeqsetera) gene il Groubaiate.

termnals; and cutting the second substrate to

singul ate the individual dies fromeach other. 29. The

met 82d oThel mieth@8 ofhetaiinn 28omiengint kernphgr thie tpluratity of covers

covers, conprj.ses _etchj the first substrate to.fqr

ComRESES TN 1 SaRo-als et odierent ratanabaR he it substrate.
formng the plurality of covers conprises formng the
stand-offs by depositing a material onto the first
sub83r at €he gnathodlof cleemtzfowbereim:ai m 28 wherein form ng
the plurality of .covers conprises faormng the . .
st afﬁ’gmdﬂq ih? Plftalitycd s%‘?Y&r?Ten?BH]H”&FSa C?'Hgg? ipﬂgre"tv of recesses into
subst r at ghe 1#ét sUthrdiB td estnPStafi e Zbadirt i ) dboicgipattern; and
the plurality of covers conprises formng the _
st apEVisting theomluralityr o Bigrogtectienisl diesaron raNd/ek 4o the second
substratg. T 0 . LI el n: '
t he pl urgllﬂln%gat%f&gn verels% %%%Q'ﬁégbggﬁ%%%ngé%dgf u'&g‘{ Iﬁlé;gattern on
of recestigssédtind $ubstriate, 2he slebiserptierh geheratly corresponding to the
stand-offs arranged in a device pattern; and providing
the pl ur@di€iR3M&P- i croel ectronic dies on and/or in the
second substrate conprises arrangi ng the i mage sensors
in a die pattern on the second substrate, the device
pat 84r n genethald of fabricatsganitroglettwonib émdgmgparitse comprising:
34. _A nethod of fapricating mc¢roelectronic inmagin L
ni foSming, ARNGBIiST Qars HGTG B L SHDEYAISt reRyBISSVgdp fyradiation,
a first gesdvers ﬁab@g%iﬂhéﬁlb‘é%gt&aﬁdfoﬁgg%}e%ﬂn ffdfn the windows;
covers having w ndo and stand-offs projecti n% from
t heformintp\as ;pliralityi 0ff micdelealronip dits nusinged esecand substrate, the
di es using.a cpnd, substrate, the

mdivid oAl des having an’image sensor, an integrated circuit electrically
coupled to the image sensor, and terminals electrically coupled to the
integrated circuit; and

assembling the first substrate to the second substrate so that the windows are
aligned with corresponding image sensors on the second substrate in a
spaced-apart relationship and the stand-offs contact corresponding

dies between image sensors and the corresponding terminals.

35. The method of claim 34, further comprising:
cutting the first substrate to singulate the individual covers and expose at least

a portion of the corresponding terminals; and



i ndi vi dual dies having an i mage sensor, an integrated

circuit electrically coupled to the i nage sensor, and
wamosrinass el ectrically coupled to the integrat@uus2005/014632

circuit; and assenbling the first substrate to the

se@tfifg SHeS§scng Sabéthate fohsingulae ke andividua)nids Wiith attached
correspondi ng i mage sensors on the second substrate in

a spaceelP¥idrt rel ati onship and the stand-of fs contact

correspondi ng di es between i mage sensors and the

corresponding termnals. 35. The nmethod of claim 34,

f ugd.ner Thenmictisodgef cldimi 34 Wheréinr sérnsnd stheatpdurtatity of covers

si.ngul ate the individual covers and expose at |east a
comprses eiehitg thedirsibsytsiisde i fﬂj"}f@ﬁrﬁtﬁ%ﬁ@, Sandcutting the

second substrate to singulate the individual dies with

attached covers. 36. The nethod of claim 34 wherein

f 0371 ngThéemgthodal oft glaimh Gdvevhereianfornieg thiec plumglityhof covers

first_substrate tqQ formthe stand-offs. 37. The netho
ComBFiSes fTRIEH NSRBI SRPSE B TAtarEk B Sreybstrate.

conprises formng the stand-offs by depositing a

material onto the first substrate. 38. The method of

cl 38.m 3Thehmethod fafr claim Bde whieneial farmniog thev giwrality of covers

compees g, iAol Eidpe Seie rmgtenal g8 138 At sypstrate.

claim 34 wherein formng the plurality of covers
conprises formng the stand-offs froma different
mad@r i alhe henethde ofi claims 3¥swharein foming etheetpheralityf of covers

com ey RS o LT ARt PRk B R substate
first substrate to formstand-offs arranged generally

in a device pattern; and formng the plurality of
nmi 40.0el €be method of ekaimB4awbemini n t he second substrate

A f Lng th I Lity of .di. ' [ ,
CORRENET R B9 o B Blbte oA By OFesses mo
subst r afrR fistesubRiats 1O dbirRr stafgdffcabiringad IRFReANI D a device
to the die pattern. 4 1. A nethod of fabricating

m cr oel B2ite®hPBdi nagi ng units, conpri sing:
forming the plurality of microelectronic dies on and/or in the second substrate}
comprises forming the plurality of dies having image sensors arranged
in a die pattern on the second substrate, the device pattern generally
corresponding to the die pattern.

41. A method of fabricating microelectronic imaging units, comprising:

providing a plurality of prefabricated covers on a first substrate, the covers
having windows, stand-offs projecting from the windows, and cavities
defined by the windows and stand-offs;

providing a plurality of microelectronic dies sup'ported by a second substrate
having a front side and a backside, the individual dies including an
image sensor at the front side, an integrated circuit electrically coupled

to the image sensor, a plurality of terminals at the front side and

-20-



providing a plurality of prefabricated covers on a

first substrate, the covers having w ndows, stand-offs
wroof/envsong from t he wi ndows, and cavities defRawruS20§5/014632

the wi ndows and stand-offs; providing a plurality of

m croel gpbraanely dﬂ'oaplewn@omeedrrtagea seasondandbat madunting zone
having a front side and a backsi de, the individual

di es | n@?%%th&ﬁmwrkﬁeﬁ§ﬁﬁ the terminalspand sj de, an

| n | C y . . . .
seaSebiifl & pefAily S EEVEls ) 2o isRoRding olipity PR dfhaging dies
andoper aticlv¢hat theuptand-ofts ahe in teg encunting zosesl of corresponding

Lor mi naltaa0RacSE SaR At 9H5t & FOURRPI 1 BTMRALAL pposed.

corresponding plurality of imaging dies such that the
stand-offs are in the nounting zones of correspondi ng
i md8i ng Thieesethod cftcldirest, farther coroprisingt he terni nal s

d. 42.. Th t hod laim.4 1, furth .
coRyTi B e: st s baigene FpuBte fie indiyiadel cdYars Aftgr assembiing
the i ndind geiadrs GareESréddondirpdiesbhandig the covers with
corresponding dies; and cutting the second substrate

t ocultinguthet second suhiitiatel dasingulatedthedpdividual slies glter cutting the
first s t 43. The nethod of claim4 1, further '
conpri sﬁﬁsé:sli@%?ﬁehg the first substrate to singulate

t he individual covers before assenbling the covers

wi th corresponding dies; and cutting the second
suB3t r ai8etrpetiodqiicaie $hdurther compeEsingi es af t er

as %ﬁ{m\bi tﬂg.lf&gtesr,r@ég%gé ?,35 §&g§1ﬁfn82ﬁi%é]iﬁd88f ESveh§ T%:f&% assembling

di €s.” &#4. erern providing
t he pl utle coversiwith edredsporairepdiesyand conpri ses

etchin he stand-offs into the fiyst substrate. 45. )
ThEUHBOHbE SHCORRaT RSk 21 i Singuratehe indingael ies after assembling
pl urali £ I &at rﬁﬁ’rﬁﬁ" es form ng

t he st aﬁ%e- g?‘?@%ﬁﬁ@é@?i@ﬁ‘ngﬁggﬁ eri aFieghto t he

substrate. 46. The nethod of claim4 1 wherein

pravi di the pluralit f prefabricated coyer .
Coftr | sddergpiaskofsiaind a2 wiBripivERng fos Blifafy of prefabricated
covERI @InhFtisedSetchfgithe Starki 888 §itb the first substrate.

45. The method of claim 41 wherein providing the plurality of prefabricated
covers comprises forming the stand-offs by depositing a material onto the substrate.

46. The method of claim 41 wherein providing the plurality of prefabricated
covers comprises forming the stand-offs from the same material as the first

substrate.
47. The method of claim 41 wherein providing the plurality of prefabricated

covers comprises forming the stand-offs from a different material than the first

substrate.
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47. The nethod of claim4 1 wherein providing the
plurality of prefabricated covers conprises form ng

wa tes/stasd- of fs froma different material tharrdhes2005/014632
first substrate.48. The nethod of claim4 1 wherein:

pr @@i di Mhet Methaldusfadlaihy 4 olwhareihabr i cat ed covers
conprises etching the cavities into the first

supseviding the plbFatity ohpaefabricated rcayges CPH“PJ'SééxﬁtE'é'ng the cavities
patter n’lntantﬂepﬂrgtvéﬁ%ﬁ&té E@ OIS ?ér{c}dgﬂ alrrantgﬁd in a device pattern;

m croel ectroni c | ma es on an e second
substraEmdconprlses arranglng the i mage sensors in a
si de of .t he se ond sub

di e patt t
thoraaingaNpdviely eluRbapieg etk (megRaR g arosraler i fie second

patterngyhlirate EEhPASearRBING e Made %ﬁ@bl%cwﬁrdlé pattern on
i maging units, conprising: providing a plurality of

pr ef abr ithatfrantceideref the aecondssubstiate; dbe, deviee qalters generally
havi ng wi ndows offs gl.ecting fromthe

Wi ndows cogrﬁapggqllpgqggh%g*e %%Lerby the wi ndows and

stand-offs; providing a plurality of mcroelectronic

i magi ng di es supported by a second substrate having a

fré® siAlmesned af taheiksting: mierelactignid imaginglueis, comprising:

e PE A bR of PEBPriGteh Sl i, 151 srtratg, the covers
sensor, raviigiwidddws, Csftah@-l‘ofﬂsr}ﬂ'bjboahgtfhﬁnfthenhmﬂbols and cavities
operatlvely coupled to the inmage sensor, and a

mount i ngjef'aﬁ@ bdethﬁ/éﬂéﬁd‘t"ﬁé andi@ndefiSor and t he
ter Viding: a ﬂﬂg a\"ﬁf}f |b|‘2>% et %é@)’lgo&eg‘ﬁ‘(@fgy&e By a second

respo df Ity o I 'magl ng s at
subs_t antsubbtr;ztwh_aulrtgaraecﬁrmlt ysideicand imtbadksidet, aihe- afdigidual dies

arelnth ountin ones of c ing inma

i 5. " SONHABONETERAGH e3P abo i dREI S B oV Pibored circuit
plurali tél'e&ﬁcélfyeé&mé@% e HA¥EE SeheBP d Pﬁﬁalﬁﬂ:@?‘t@ﬂmnals at the
the first substrate to formthé stand-offs. 5 1. The '
met hod cﬁfortt Isidlenanid operatively gaupléditontetimagsl sensort gnda mounting

prefabrl d.c c of fs
by dopodihe iy EeHE s FAREE ke SSandidindehd ol A8,
assembllng a plurality of covers to a corresponding plurality of imaging dies at
least substantially simultaneously such that the stand-offs are in the

mounting zones of corresponding imaging dies.

50. The method of claim 49 wherein providing the plurality of prefabricated
covers comprises etching the first substrate to form the stand-offs.

51. The method of claim 49 wherein providing the plurality of prefabricated
covers comprises forming the stand-offs by depositing a material onto the first

substrate.

52.  The method of claim 49 wherein providing the plurality of prefabricated
covers comprises forming the stand-offs from the same material as the first
substrate.



52. The nmethod of claim49 wherein providing the
plurality of prefabricated covers conprises form ng

wa tes/stasd- of fs fromthe sane material as the HGTE$2005/014632
substrate.53. The nethod of claim49 wherein providing

t he gl ur gttt Meﬂ'fodobﬁéléﬁﬁ |49ax/|e@kewpﬁmdlﬁgmé ipRg8lity of prefabricated
formng the stand-offs froma difrerent material "than

covers £pmprisesbiorming the sstandreffgefrady aofifterentyymaterial than the first
B’gﬁét%' n: providing the plurality of prefabricated
Vers conprises etching the cavities into the first
substrate to formstand-offs arranged in a device
pattern; _and providing the plurality of
m codel ea'theometquﬁfgcﬂa@ 9 whefifpri ses arranging t he

TSR Ao AACASE s st g e cavte
cor r esporintontyetfirst bagbstrate patforen rstarkboffd aeramgedod atdevice pattern;

clai m49 wherein assenbling the plurality of covers to
t he corré‘é‘ﬂondl ng plurality of imaging dies conprises

ass m ?iﬁ? thBSIdiraliff ofSHRPS&l8ERorie u‘hBQw%edi@@ Sofifsesarfanging the

to-wafer relationship.
m cr oel edmagei sensargi ing aurdie paftasnbby, theoffont ssidg: ob the second

g%?; :N?%kgﬁﬁé%ve 'nc?qYZce];' ra?{eréﬂgéﬁ %ﬁlg B%%r%iﬁ‘ondmg to the die

transm sgjaterd.0 a radi ation, and wherein individual
covers include a wi ndow and a stand-off projecting
fromthe wi ndow, and a m crofeature workpi ece having a

G oo unclTin o oF s Wdherkty depgIrECIHECOLBAIL of covers to

th@@orrespanding lgialipuot intddging diesatomperised besemblibdi¢he first substrate
i mage sensor, and a plurality of termnals

to ém%éewrtdawlg/sttaiam éd/VfifSF'fChlé' eftretationgliPei rcuit, the
first and second substrates bei ng coupl ed toget her so
that the wi ndows are aligned with correspondi ng i mage
seng®. s Achitrioelestranit-infdging anit assemnbly, doaﬁ)rsmgaoar d

of correspondi ng i mage sensors. and inbo

a cover workpiece having a first substrate wnth a pIurallty of covers, the first
substrate being transmissive to a radiation, and wherein individual
covers include a window and a stand-off projecting from the window;
and

a microfeature workpiece having a second substrate with a plurality of
microelectronic dies, wherein individual dies include an image sensor,
an integrated circuit electrically coupled to the image sensor, and a
plurality of terminals electrically coupled to the integrated circuit, the
first and second substrates being coupled together so that the windows
are aligned with corresponding image sensors and the stand-offs
contact the dies outboard of corresponding image sensors and inboard
of corresponding terminals such that the stand-offs do not completely

cover the terminals.
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of corresponding termnals such that the stand-offs do
not conpletely cover the term nals.57. The assenbly of

waioas/m438 wherein the wi ndows are over corresROTIUSY05/014632
i mage sensors in a spaced-apart relationship, the

SpBR beTheasséhblyvafrulgin 86 thessinghp aviddogs ian@geer corresponding
sensor defining an encl osed vacant cell. 58. The

imagesseRsiafs dh & saAsedGaPaR Jelatignship, M%éaase heiwaga the window and

s R e L e B e A

correspondi ng i nage sensor deflnlng an enclosed vacant

cell vacuuned to be vi r_tu void o mat t er
bet¥en 1R agsembly q,gyalph %Inggﬁ 33\5@ argpyer corresponding

ima?}%fgéﬁ’édfs 36 é3LsPé€éc§3§ M%Pdﬂ%n&ﬁlg, ‘l’hé‘%ggée Eﬁeﬁweéﬁrthe window and

orrespondi ng [ mage ensors In spac apart
corresipandos limpget sensypadefinieg varerendesed vdoantacell vacuumed to be

oG SRR e BB 0 By e SRR

transm ssivity. 60. The assenbly of claim56 wherein:
the first substrate includes a plurality of discrete
dev59,e sTheassemblydefidlaion pamtherein thevvndowbeira @veoeakrgsponding

e, SRS 53k T g Sh S 55 BB ABFAEH 8 window anc

corféadoﬂamgg eﬂlséb{sd‘rcdéfmﬁ'%%ldh@lds@dt\?&aﬂt eehfillé@with &n inert gas
The asse of clai 6 wherein the covers are

ha\d”%@rﬁsﬁeélt%ﬂ‘ﬂ@ﬂél&th having a recess etched into the
first substrate to formthe stand-off. 62. The
assenbly of claimb56 wherein the covers are discrete

el eB@Nt STReaBs&RABIYGS didim 56 améreihf formed by
dep03|t| ng a material onto the first substrat.e.

Thethgs Histiiupsiipteingludes apbirality: of H@Cft?ttes@e\é%s&'ﬁe&t i@ a device
conpri Sﬁ[?at‘?e (Yj/a%%véf B@lﬁg‘féﬁﬁé(@a{ 8ath Qe{ncé%lﬂehSnd’ ' S' ble

spectru covérs are discrete elenents e
havthegdiesearet amdngéd ir mdmdpb&erﬂepméhémug;oadnwtmtnam the device
onto the fer, the stand-off, bej f rmeg of the sane
mat er i al PaePengEall CEresPARdIngto ‘{}) &M m 56
wherein: the first substrate conprises a wafer
transm ssive to light in the visible
61. The assembly of claim 56 wherein the covers are discrete elements

each having a recess etched into the first substrate to form the stand-off.

62. The assembly of claim 56 wherein the covers are discrete elements '
each having the stand-off formed by depositing a material onto the first substrate.

63. The assembly of claim 56 wherein:

the first substrate comprises a wafer transmissive to light in the visible
spectrum; and

the covers are discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off being formed of the

same material as the wafer.
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spectrum and the covers are discrete el enents each

havi ng the stand-off forned by depositing a materi al
wormnd1tahd waf er, the stand-of f being fornmed frrOmBS2005/014632

different material than the first substrate. 65. The

as4irbl fhef asdeatity 0B clahrass whertehe first substrate

conprises a quartz wafer; and the covers, are discrete .

el diferitrst SHPRUAR (CREIRNSES s8 aWAISHT iraneniRsiyepyo light in the visible

deposi ti ial onto the wafer, the stand-off

bei ng fgprgrg@u@?%tﬁﬁe same material as the wafer. 66.

ThéhersemEns yaref disarete Bfembrtseieacht havifgr tite sstdrsd-offt formed by

conprises a quartz fer; .and the cqver r iscrete

ol enent cepdeinaa MalSialones Hieswfar. i readr being fored from a
deposi t igifterantatria thaihe firsEsyistRfte. t he stand-of f

being formed froma different material than the first

substrate. 67. The assenbly of claimb56, further

i Si t,i N t nbly havi I it
COB | ST1R AR, cHpoISEIY 1oV 10, 2 1 vl 11
I nethey fiebt @LbSPAteCSortprises PgLiadz ddfachnd to

correspondi ng covers so that the individual optic
nefftrereovare are aisrseier @lemests: iegshr Bawngythe gtand-off formed by
correspondi ng S : r ekl

gt ng CHRPE Mg L BRGNS i ot The P LlIMG formed of the
bei ng t sarwheRensd dsahe waddt.at i on and having a

plurality of discrete device sites arranged in a

device pattern, the first substrate having a cover at

ea devri eas%.etn’?bl rﬂ‘gﬁv\}vﬂ ngin:covers havi ng a

wi ndow and a st an&tolca)fe'\‘ajlprm ec:?l ng fromthe w ndow, and

a e firgd ssbbateadamprise sng qaapk wadén; apdof

m ¢roel ectronic dies arranged in e pattern

QoM RIS opfes Rsialen ¢ St cdg0; Baviph e plandigft formed by
| ndi vi dyglyoditing d'm4téidaldhtd TRIGFGHNY stahd-ofMbeMig¥ofted from a
circuit elpgctlrlgcaﬁéy coupl egﬁtgo t hé imgge sensor,gqgnd

a pl ur aldiffsreof maderik! paars thel first suhsttdtg. coupl ed t ot he
integrated circuit, the first substrate being

assenbl ed with the second substrate so that the

Wi BFOWS THeLaSYRMbIGBT G8IRPBEI AEtHeFadnprising an optics unit assembly
having a plurality of optics units including optic members, the individual optics units
being attached to corresponding covers so that the individual optic members are at a

desired location relative to corresponding image sensors.

68. A microelectronic imaging unit assembly, comprising:

a first substrate being transmissive to a radiation and having a plurality of
discrete device sites arranged in a device pattern, the first substrate
having a cover at each device site, the individual covers having a
window and a stand-off projecting from the window; and

a second substrate having a plurality of microelectronic dies arranged in a die
pattern generally corresponding to the device pattern, the individual
dies having an image sensor, an integrated circuit electrically coupled

to the image sensor, and a plurality of bond-pads electrically coupled to
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sensors in a spaced-apart rel ationship and the
stand-offs contact the dies outboard of correspondi ng

wa magel4g@nsor s and i nboard of correspondi ng b@wyys2d6s5/014632
such that the stand-offs do not conpletely cover the

bond- padge Fegrabed awsaitbliye dirstclsabstréte bbimgeiasséimbled with the
space between the w ndow and correspondi ng i nage L
sensor oﬁ;erqqnléss%st@wses@@tJla%awﬂd@wmarefgver responding image
assenbl vy, i or el r LSy

o oot S Gisofs 8 SPaciCaf SRfofONEland iy SaFRloHe contact the
subst r atdies o ofithraard hef scemespeinding imageheserssesbandofinboard  of

claim 68 wherein.the cqvers ar i screte elenents each

vt o CHRTESFRRding PoRgieEy SHTuliahe: sigta i 65 it Completely
ont o thecdver$he BBREIPaAEE. 72. The assembly of claim 68
wherein: the first substrate conprises a wafer

transmssive to light in the visible spectrum and the

covers e discrete elenents each having the stangd-of f

fordikd o}fveepserbhng ERRPE RS IB Hieb< Af e fig Window and
corﬁés?ibﬂdﬁf?‘i d'serisdr @fines ahldcioved vibat cal. as the

waf er. 73. e assenbly of claim68 wherein: the first

substrate conprises a wafer transmssive to light in

ol it SRS ARSRELM 5t MDA M (ByEls5 S Wisorete clements

eadlei@dind bnecassretobledahtodthb diréthstibetrhs to fohd thbatahdbff.
being forned froma different material than the first

substrate. 74. The assenbly of claim 68 wherein: the

firps SUpgLt Sm%m?ic?ﬁﬁ 8 WAL R Hoved 'l Gis rete. elements
(ﬂ% e ? ﬁh ?ﬁ% & S otF'f

covers are Cret’e “el'enment's each havi ng

eadhotiaging biye sepasoft forthea pdepdsitingatnatetial omtbehe firdtesubstrate.
stand-of f being forned of the sane material as the
waf er. 75. The assenbly of claim 68 wherein: the first

subgj r at -, £ QRBLMBRSorLIAHPES HNERLIRT - and

the first substrate comprises a wafer transmissive to light in the visible
spectrum; and

the covers are discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off being formed of the

same material as the wafer.

73.  The assembly of claim 68 wherein:

the first substrate comprises a wafer transmissive to light in the visible
spectrum; and

the covers are discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off being formed from a
different material than the first substrate.

74.  The assembly of claim 68 wherein:
the first substrate comprises a quartz wafer; and
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the covers are discrete elenments each having the
stand-off formed by depositing a material onto the

wonb®ii47sohe st and-of f being formed from a di f fROTRUS2005/014632
material than the first substrate. 76. A

M HeO oQEFS @tk CdisBRAE NBlewiBrits 288cHTHaving ARRN st?drfaigoff aformed by
cover workpiece having a first substrate wt

pl ur al i 4Pefiting enaterighenta ha W§tﬂ58fh9a§f@nl§‘éi’fﬁ§g'n9 formed of the
transm §§ﬁ1}éq85f%n%| éggg fﬁ& and wherein i noll Vi olual
ow and’ a

covers Tnc stand-of f projecting
fromthe wi ndow, a m crofeature workpi ece having a

second substrate with a EI urality of mcroel ectronic
di 68, t hBejasaembhel claine83iwhera ng an i nage sensor,

a”tHe“ﬁr@Q&%sﬁF’at&'cbﬁ’{ﬁrfgfeﬂagﬁdédzc\%%e\f §Rypl ed to the

sensor termhals operatively
cothel edvers tdre disegeeselesments aeacha heimg |thg stanal-off formed by

bet ween .t he sensor and the, term hefl

and seceﬁBC’%h’E)% r@?g?'aggp_ﬁbt o‘MﬁﬁeédthFo% g%ngﬁgqmed from a
the W ngpifeR RaftriafiRm thelifstcibsiarondi ng i mage

sensors and the stand-offs contact the dies in

corresponding mounting zones. 77. The assenbly of
in the.covers rete el.ements each

m 76 wher
habng & PEedeuonR daahec Tt essarmdy. amBisHRo © o
f OpMBdvee wirRpiecefHavinPa firbesasstatBlwittth @lipdIfy Bﬁ covers, the first

wherein the covers are discrete elenents each having
t he st afdbgirater beingdtrapsmissivsi to ray radiatiosr iamd me@elnh@dlwdual

first S§$\§é§'%§é$%‘%% % wihAGwAseaat é’no?off ‘b{&bfﬂl rgefrg'n?{h%' Window;

the fir conpri ses FPansm ssive

| i ghtni¢crofédiaresivgorkpiecephavingna sechit substate awith a pIurallty of
di screte el ements each having the stand-off forpned
deposi t MHeroglasiioBiG giesoHieoindividualrdies ingheding aammaﬁge Sensor, an

20,1, BRG] ki SRBECERY bl hlond o graty of

conpr i stermanalaf eperbtively ncamgled td dhkei ighagea sehber vargd la enounting
spectrum and,the covers are di screke el ene

havi ng €fee behween, MAIRSENRPT and the terminals, ?he ?rst and second

substrates being coupled together so that the windows are aligned with
corresponding image sensors and the stand-offs contact the dies in

corresponding mounting zones.

77. The assembly of claim 76 wherein the covers are discrete elements
each having a recess etched into the first substrate to form the stand-off.

78. The assembly of claim 76 wherein the covers are discrete elements

each having the stand-off formed by depositing a material onto the first substrate.

79.  The assembly of claim 76 wherein:
the first substrate comprises a wafer transmissive to light in the visible

spectrum; and
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depositing a material onto the wafer, the stand-off
being formed froma different material than the first
W05 14a30e. PCT/US2005/014632

the covers are discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off being formed of the

same material as the wafer.

80. The assembly of claim 76 wherein:

the first substrate comprises a wafer transmissive to light in the visible
spectrum; and

the covers are discrete elements each having the stand-off formed by
depositing a material onto the wafer, the stand-off being formed from a
different material than the first substrate.
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