-1- LEADLESS PACKAGING FOR IMAGE SENSOR DEVICES AND METHODS OF ASSEMBLY
TECHNICAL FIELD 5 Field of the Invention: The present invention relates to packaging of optically
interactive microelectronic devices. More particularly, the present invention relates to a leadless
package for a solid-state image sensor and methods for its assembly. BACKGROUND 10 State of the
Art: Optically interactive microelectronic devices, for example, charge coupled device (CCD) image
sensors or complementary metal-oxide semiconductor (CMOS ima%e Sensors, gﬁuire packaging

that provides protectio#ﬁéﬂﬁLWI%ﬁWN&ﬁfﬂ E aioWwh I%Vé@gﬁw Brms of radiation
to pass through to a surface where sensMEEWIé%M%Eically, this has been 15

accomplished by placing a sensor device in the form of a semiconductor die into a cavity of a plastic
or ceramic housing, wire bonding electrical connection points on the semiconductor die to conductive
elements associated with the housing and pIQEﬁEIQIWdBWBPtranSparent lid over the cavity. This

packagingsarrangemenigast (REMRe nsRyertthBHIicaton IR AR IAISE DENAGRIBD Lhshtalylity and
size. Wire bonds, for 20 instance, involve special considerations during package formation due to the
fragile nature BHEFRSUNRNIFESSATWON A difie MO PAHTHRY cHIf BicHaf dBYER BALREYS &ze in

order to accommadale R RISHESH WisRORAE WIKEP (B0 DRskAaR SR o HERaGHRgy.housing

construction for such a package requires a large volume of material held within tight tolerances,
increasing cost and production time. The completed sensor package is 25 large and takes up valuable
space in high-density circuit assemblies. In ordgs tokiegunersize and increase durability, various
methods have been develoéped in an attem@ to make improvements over this ackagin? method. U.S.

Patent 5,857,368 to CleIfRARFAE: PRIl MHoraity s NegsltstRRiedarise, l8sci8EP Hackages for
optically interaghivgcleyipesiwbeieindimg hiR.atashpRis daprRMGIRH metal-oxide

semiconductor (CMOS) image sensors, require packaging that provides protection from
environmental conditions while allowing light or other forms of radiation to pass
through to a surface where sensing circuitry is located. Typically, this has been

15  accomplished by placing a sensor device in the form of a semiconductor die into a
cavity of a plastic or ceramic housing, wire bonding electrical connection points on the
semiconductor die to conductive elements associated with the housing and placing a
window or transparent lid over the cavity. This packaging arrangement can require
several fabrication steps and raises concerns of durability and size. Wire bonds, for

20  instance, involve special considerations during package formation due to the fragile
nature of the thin wires and bond connections, and also call for increased package size
in order to accommodate the arched wire bonds within the package cavity. Further, the
housing construction for such a package requires a large volume of material held within
tight tolerances, increasing cost and production time. The completed sensor package is

25  large and takes up valuable space in high-density circuit assemblies.

In order to reduce size and increase durability, various methods have been

developed in an attempt to make improvements over this packaging method. U.S.
Patent 5,867,368 to Glenn and U.S. Patent 5,357,056 to Nagano, for example, disclose
packages for optically interactive devices wherein flip-chip attachment is used instead

30  of wire bonding for more durable connections and increased device performance. U.S.
Patent 6,351,027 to Giboney et al. discloses a chip-mounted enclosure wherein a

sidewall piece is mounted directly to a semiconductor die to surround sensing or light-



30 of wire bonding for more durable connections and increased device performance. U.S. Patent
6,351,027 to Giboney et al. discloses a chip-mounted enclosure wherein a sidewall piece is mounted
directly to a semiconductor die to surround sensing or light -2- emitting circuitry and a transparent
cover is attached over the sidewall piece. U.S. Patent 6,384,473 to Peterson et al. discloses a
stacked-plate packaging structure with an integral wipdow that reduces fabrication steps and
improves the sealing properties of the package. U.S. Patent 6,147,389 to Stern et al. discloses an

image sensor PRMHGEB NIt 2 atahHB RN RChITATAshF A Adcahs sites plapigGhrebers for simple

and accurate meuntEeRalAn WagR I6ARLIVERINILS RAckagE-pihiipthestand-athet Wreigns offer
some packaging improvements, tz?eé/ﬂstill raise issues regarding numerous housing elements requiring

multiple steps BfeEEmBNxhHHitseurfsd WitsaHerHehe anyd s8R tHEAAGaEOrRIfiRR Pithe

incorporation qfghesRSleuaiusepinte: 101 lergen e suibassamilien ftem myalves g paskatdelicate
leads or solder pad arrangements which are not suitable for today's high-speed automated assembly

techniques. ACKBPri dzPHelsaMs ot MR SRS B BE feaY H&BkASr optically

interactive micipglegt aniadamcsisathahds SINRlS: tifahricripRRELasSEMRIendR Whilstheing of durable
and cost-sensitive construction. DISCLOSURE OF INVENTION In contrast to the above-described

prior art, the pfESERSIAUEREBMHPAGINSANS TMBEAYIMGHE dipUrAtSHSP HIURa e AN S PHEN) Yhteractive
microelectronigSlayice:konsSHE rafuahinaor SR WithiR GipRiaa gnellinaywai bottom-side cavity.

The image sensor, in the form of a semiconductor die or chip, is mounted to conductive elements

within the caviF &l eBAHRTPAGKESHCRUYRBEHHESIROERG Lot B e EHARGS S B ing circuitry
is exposad throughy air@restdetmblitioton swites ddhrsteldentataranamrblitkippipced over the
aperture to protect the active surface from 25 environmental conditions and may also provide an
optical functioﬁ%ﬁ‘&%?%nférwhwh are not suitable for today’s high-speed automated assembly
techniques.
Accordingly, a need exists for improved packaging of image sensors or other
optically interactive microelectronic devices that is simple to fabricate and assemble

15  while being of durable and cost-sensitive construction.

DISCLOSURE OF INVENTION
In contrast to the above-described prior art, the present invention provides a

method and apparatus for packaging an optically interactive microelectronic device

20  such as an image sensor within a leadless shell having a bottom-side cavity. The image
sensor, in the form of a semiconductor die or chip, is mounted to conductive elements
within the cavity in a flip-chip configuration such that the active die surface containing
sensing circuitry is exposed through an aperture in the top surface of the shell. A
transparent lid is placed over the aperture to protect the active surface from

25  environmental conditions and may also provide an optical function such as, for
example, focusing or filtering light passing therethrough. A plurality of castellated
solder pads in electrical communication with the conductive elements is formed around
the periphery of the shell and extends to the bottom side of the shell for attachment of
the image sensor package to a carrier substrate such as a printed circuit board (PCB) or

30  other higher-level packaging.



example, focusing or filtering light passing therethrough. A plurality of castellated solder pads in
electrical communication with the conductive elements is formed around the periphery of the shell and
extends to the bottom side of the shell for attachment of the image sensor package to a carrier
substrate such as a printed circuit board (PCB) or 30 other higher-level packaging. -3- While
exemplary embodiments are described herein in termg of an image sensor, it is to be understood that
the present invention may be used for packaging various other optically interactive devices which
require a window for Jtee§tenaplaesfeabediraerrs Predeseriberbheraly intsratiobamingsd herein is

meant to encogaR@sS b i @Y IE S RRNSIEYE dRVAP/sWAVRIRAGKIS L8Rt _ELIBEp ek Af radiation,
such as, but not limited to, CCD and CMOS image sensors, EPROM's, and photodiodes, as well as

light-emitting dEVIEHS AYesE @irfér ARG At Eess VaHahiErtuEimM NGBS e Biid ®Xkemplary

embodiment ofithe-PE@SRIAE INYROHGH B5pIRAYE ARG IMRS% sHiPnehimh MaHBIRO - Hie mpelk with
gold-gold interconnect bonding and the active 10 surface of the chip is buried in a transparent

encapsulaht wHidi SeiBE iy o T RipY Serethiepliekagethiig iahtatiabsRds B gty and
protect the chiprGgesmiRe ®NcarsdlantisiodseenivaPPeR ONinakapseaseialid helddn place

by adhesion to the encapsulant material. The back of the image sensor chip is left exposed within the

bottom-side caVitjedt HBILHEIdagaes dpdtidinesipranr erilathif nt drakepredpadingsntion, the shell

is prefabricated with g agsRakgNAdMBbatRdR\Bthe rRREKIUM QfibE ahethiaoldmslctheiconnect
bonding is still used to mount the image sensor packakg(e in a flip-chip fashion, but the use of adhesive

and encapsuldhPrehtReiatedse dsshalinibeAd satking e e Breding ArdrRersER of the image

sensor chip withimatheobeltornipifenghcerivity taRphnaticalypserhiheHiackagesanbanatest thip image
sensor chip. Other and further features and advantgges will be apparent from the following

descriptions offHE NSRS AshEEUNHeREBIhBPrb ERRsTvERtldhNse iredum fdees. The

encapsulant is subsequently capped with a transparent lid held in place by adhesion to
the encapsulant material. The back of the image sensor chip is left exposed within the
bottom-side cavity of the shell.

15 In another exemplary embodiment of the present invention, the shell is
prefabricated with a transparent lid mounted over the aperture of the shell. Gold-gold
interconnect bonding is still used to mount the image sensor package in a flip-chip
fashion, but the use of adhesive and encapsulant material is kept to a minimum. A
backing cap is placed over the back of the image sensor chip within the bottom-side

20  cavity to hermetically seal the package and protect the image sensor chip.

Other and further features and advantages will be apparent from the following
descriptions of the various embodiments of the present invention when read in
conjunction with the accompanying drawings. It will be understood by one of ordinary
skill in the art that the following is provided for illustrative and exemplary purposes

25  only, and that numerous combinations of the elements of the various embodiments of
the present invention are contemplated as being within the scope of the present

invention.

BRIEF DESCRIPTION OF DRAWINGS
30 In the drawings, which illustrate what is currently considered to be the best

mode for carrying out the invention:



conjunction with the accompanying drawings. It will be understood by one of ordinary skill in the art
that the following is provided for illustrative and exemplary purposes 25 only, and that numerous
combinations of the elements of the various embodiments of the present invention are contemplated
as being within the scope of the present invention. BRIEF DESCRIPTION OF DRAWINGS 30 In the
drawings, which illustrate what is currently consideredsto be the best mode for carrying out the
invention: -4- FIG. 1 is a perspective top view of an image sensor package according to the present
invention showing a tFARspdfehPSiREEHY iR TISY 6 1R a8 BCIFTBREPaF SR g5RICEE hEtBAd the active

surface of an inage seReAlGhihEXRASE & ANSHEIREOWo & Rodi @ REIBPRSIVEheltemaview of the
image sensor package of FIG. 1 5 showing a bottom-side cavity formed in the bottom surface of the

package shell Bafkagenbsihitslthe AtfavfesERserhaeragEs £tas0s ¢hip papastdilerciBintsian image
sensor package accopgine i mgegrﬁe%@m BEetiemeriediaR antsr siavals Fts.14 is a

sectional side view of a first embodiment of an image sensor 10b§lzéckage according to the present

invention WherSiAva 1gh BpUAENSINfeW Y oRBEA @I e beH AR SHFGRrt bsuatkashehsbid surface of

an image sen%ynggmngk@eﬁ.n%érg@gglhpﬁbkggg views showing a method of assembly for the first
embodiment of an ima?e sensor package depicted in FIG. 4. FIG. 6 is a sectional side view of a

second embodiment SFAniMaRASENSHe Vi P RIcHEEESFHY RIThRSp SRR EntisPIREREIn a

package shell jgpigfaRrsaierdwih sattanrspdcantdid and a backing cap is place over a back-side
cavity to hermetically seal the image sensor package. FIGS. 7A through 7H are views showing a

method of assembly fOfh® I8€ctsisHORMBIEiHER Wl i RIBROEREBY HYR2AEPERd in FIG. 6.

10 package according to the present invention wherein a transparent window is mounted in
an encapsulant covering the active surface of an image sensor chip.
FIGS. 5A through 5H are views showing a method of assembly for the first
embodiment of an image sensor package depicted in FIG. 4.
FIG. 6 is a sectional side view of a second embodiment of an image sensor
15  package according to the present invention wherein a package shell is prefabricated
with a transparent lid and a backing cap is place over a back-side cavity to hermetically
seal the image sensor package.
FIGS. 7A through 7H are views showing a method of assembly for the second
embodiment of an image sensor package depicted in FIG. 6.
20
BEST MODE(S) FOR CARRYING OUT THE INVENTION
Referring in general to the accompanying drawings, various aspects of the
present invention are illustrated to show the structure and methods for assembly of a
leadless package containing an exemplary solid-state image sensor. Common elements
25  of the illustrated embodiments are designated with like numerals. It should be
understood that the figures presented are not meant to be illustrative of actual views of
any particular portion of the actual device structure, but are merely idealized schematic
representations which are employed to more clearly and fully depict the invention. It
should further be understood that while depicted and described in the context of an
30 image sensor, the package embodiments and methods presented herein would work

well for enclosing other types of optically interactive devices as described above.



20 BEST MODE(S) FOR CARRYING OUT THE INVENTION Referring in general to the
accompanying drawings, various aspects of the present invention are illustrated to show the structure
and methods for assembly of a leadless package containing an exemplary solid-state image sensor.
Common elements 25 of the illustrated embodiments are designated with like numerals. It should be
understood that the figures presented are not meant_tg be illustrative of actual views of any particular

portion of the actual device structure, but are merely idealized schematic representations which are
employed to more clddffy ArtFBRFBRPIYE 198 iroRichlardigs iepar tiar B wieerstoddiRat while

depicted and dgsesiRaavithts SRBIGKLAE A030 WHRNS REASAMMNa PARKAGR BMBRsiMARtR@HE methods

presented herein would work well for enclosing other types of optically interactive devices as

described abot imrepfigny 45 Ragfiepehkeile 1BpuehdPR tuHarsS dpe WbmeFpPadkage 1 of the

present inventign-saawinevaaiwas Wik AR GAIERAAITS theyKaHGUR dﬁf@%@ﬂﬂ%@%’ér‘rﬁd%ﬁti”Venﬂon- A
package shell 2 includes a top surface 4 having an aperture 6 extending downwardly through package

shell 2. While R3sk3ssstistl e rapedurse SimeragE ShBird HelBrishaciad biiskatdrntdtdaterial,
other material}ﬁdﬁb asumadsderiastic eapidialsprRamartis Gaprile eimariainnglaskage

tolerances and providing sufficient insulation from environmental conditions. The hermetic properties

of a ceramic shéfidsatpastlatianyremeuvierHaestlsa UM ditsREMEE HBSHIGHPAtion which is

described in detailnielons1AEgnsRatRILicLRCOvals aBEsHIr8RbIiméaror 1k pralsRarkehtisnused
broadly herein to include materials that allow the passage of visible light or other forms of radiation

having a selectdRdvarsAghsSiR Al REEd SFANTRVHEIIIER SIS ARSEEHSIS IdMEdFEparent lid 8

are plategoof bogaslljcata i sq4adtBeIRES HeMe e In AR Hlass ke RMIBAT Blagigsnaterials having
suitable transmissivity are within the scope of the present invention. A plurality of castellated 15 solder

pads 10 is forniitPLrdghbthetbh iBHBER o BhRIA RIS 2 SERELTHMY FiGR#H Such as infrared

or ultraviolet. Example materials for transparent lid 8 are plates of borosilicate or
quartz glass; however, other glass, ceramic or plastic materials having suitable
transmissivity are within the scope of the present invention. A plurality of castellated

15  solder pads 10 is formed around the periphery of package shell 2, extending from a
lower portion of shell side surfaces 12 onto the bottom surface 14 of the package shell 2
(FIG. 2) for mechanical attachment and electrical coupling of the image sensor package
1 to a carrier substrate such as a printed circuit board (PCB). This castellated solder
pad arrangement is well suited for attachment of image sensor package 1 to a carrier

20  substrate 100 using conventional automated assembly equipment. As can be seen in
FIG. 3, solder pads 10 provide conductive bonds between image sensor package 1 and
conductive elements 102 on carrier substrate 100 which may be easily inspected, and
reworked and repaired if necessary. Solder pads 10 may be bonded to conductive
elements 102 using reflowed tin/lead or silver solder, conductive or conductor-filled

25  epoxy or other conductive bonding agents 104 which are well known in the art.

FIG. 2 is a perspective bottom view of the leadless image sensor package 1
showing further features common to the embodiments of the invention. A bottom-side
cavity 16 is formed in bottom surface 14 of package shell 2 and is in communication
with aperture 6. An image sensor chip 18 is flip-chip mounted within bottom-side

30  cavity 16 in a face-up manner such that at least a portion of its active surface 20 (FIG.

1) containing sensing circuitry is exposed through aperture 6. By this arrangement,



lower portion of shell side surfaces 12 onto the bottom surface 14 of the package shell 2 (FIG. 2) for
mechanical attachment and electrical coupling of the image sensor package 1 to a carrier substrate
such as a printed circuit board (PCB). This castellated solder pad arrangement is well suited for
attachment of image sensor package 1 to a carrier 20 substrate 100 using conventional automated
assembly equipment. As can be seen in FIG. 3, soldgy pads 10 provide conductive bonds between
image sensor package 1 and conductive elements 102 on carrier substrate 100 which may be easily
inspected, andAGERSHREF@RE o paresl seioccbEah? BaYdsepaadigh piahss Borsed fadtditiuctive
elements 102 ysinayrefiouec tindpadAnrilyer solder, conductive or conductor-filled 25 epoxy or other
conductive bonding agents 104 which are well known in the art. FIG. 2 is a perspective bottom view of

the leadless image sen$BigderE 14 shdwidmasRPdat e et MReEmBdhiBALS of the

invention. A b%‘@é&iﬁiﬂ%eﬁ@&ﬂ)ﬂrﬂcﬁﬂﬁ:{ﬁ’émgﬂa@&Rﬁﬁ%é&ﬁﬁ%eiﬁﬁ.‘sﬁﬁféﬁ?kage shell 2 and is in
communication with aperture 6. An image sensor chip 18 is flip-chip mounted within bottom-side 30

cavity 16 M a face-upitarheiostich teritoaaledds XipybatdMagasalersardae2d (Rt ding containing

sensing circuitfyisexpasedithy 28 FhoaReruE By ths-arrenaempithiPrastesabkace £9i0f image
sensor chip 18 may receive light or other forms of radiation passed through transparent lid 8. Turning
to FIGS. 4 andSAHST AU G STEPETHIE: BxethprsrBAlodinfsHY BFHRECH & aMiIvERTIBHYand method of

assembly thergefliridllpsierigchierbiéasék Shav @ S6CHPIRI RIfland QY@ @) tBRYRA SSRSAsRagkage 1
including image sensor chip 18 mounted to package shell 2 in a flip-chip fashion such that active

surface 20 fac8EIBEIG T RBUAL URCERES 4 IMREC SeCaPeiD b3 P epts A B AtReiB pixeled

microlenggs 22omMBifdi ¢OBampEIIeNSHIGLIsH Bbh e o te desHBligh b Sidpavidaathevaptisal
functions. Image sensor chip 18 is mounted by attaching 10 conductive bu:owfs 24 disposed on bond
pads or redistfSEEFBARE g8 tﬁfé&l}gﬁbmi@ Toemge ShieEpeHdact A A8 96rmed on the

top surface 28.af,Qtt6Mnaiderrounding aperture 6. Conductive bumps 24 and terminal pads 26 are
formed of, or plated with, gold that is joined to provide the presently preferred gold-
gold interconnect bonding. The gold-gold connection is desirable for providing a
15 highly conductive interface with image sensor chip 18; however, other materials such
as bumps of tin/lead solder, silver solder or conductive or conductor-filled epoxy may
be used as well. Terminal pads 26 are electrically connected to solder pads 10 via
conductive lines or traces 30 buried within the ceramic material of package shell 2.
An encapsulant material 32 fills aperture 6, covering active surface 20 and
20  pixeled microlenses 22. Encapsulant 32 serves to bond image sensor chip 18 to
package shell 2, maintain bond integrity between conductive bumps 24 and terminal
pads 26, and to protect the sides 34 of image sensor chip 18. Encapsulant 32 extends
up to the top of aperture 6 where transparent lid 8 is mounted on top surface 4 of
package shell 2 to cover aperture 6. A layer of encapsulant 32 further extends under
25  and around the edges of transparent lid 8 to adhesively bond it in place on top surface 4.
Encapsulant 32 may be a clear epoxy or other resin-type material like
polymethylmethacrylate, polycarbonate or silicone, as long as it is suitably transmissive
of light or other forms of radiation specific to the operation of image sensor chip 18 and
is capable of adhesively bonding transparent lid 8. As indicated by FIG. 4, the sides 34
30  of image sensor chip 18 are partially encased in encapsulant 32 while the back 36 of

image sensor chip 18 is left exposed. This encapsulation arrangement is acceptable for



cavity 16 and surrounding aperture 6. Conductive bumps 24 and terminal pads 26 are formed of, or
plated with, gold that is joined to provide the presently preferred gold- gold interconnect bonding. The
gold-gold connection is desirable for providing a 15 highly conductive interface with image sensor chip
18; however, other materials such as bumps of tin/lead solder, silver solder or conductive or
conductor-filled epoxy may be used as well. Terminabpads 26 are electrically connected to solder
pads 10 via conductive lines or traces 30 buried within the ceramic material of package shell 2. An
encapsulant m&tagRargpPHIdeirsaRs BRelverhsgabissted iprstaerte shaironperétbe Rnses 22.

Encapsulant 32 30@f{enPoRchmagii 2e8serehiRe, gckagackage shell 2, maintain bond integrity
between conductive bumps 24 and terminal pads 26, and to protect the sides 34 of image sensor chip

18. Encapsulant 32 eXtERds ApeueE Yo be Mpeneiod ofinsrenllndparbafiet 8Xempétitited on top
surface 4 of pagiRamIRbL1R FRUCHARCIMISD. Ity Alancanswant &%J&”&]ﬁ% e¥igRdsnder 25

and around the edges of transparent lid 8 to adhesively bond it in place on top surface 4. Encapsulant
32 may be a cRIFIEP TGt re8hagibe matasrat fikdn fdfyméngmidetn geljatatefolycarbonate or

silicone, as longasitiisswitably ansmigsieoRhiant onoibeniprns iserAEHANSRREIIE saithe
operation of image sensor chip 18 and is capable of adhesively bonding transparent lid 8. As

indicated by FRSIUINGEQES DO 1 i HARES SERNYr Oifp! SasRqssr iy Ereadde savicdpeliant 32

while the back36lakdRRgesRRAACERI A 18Ol expRsaperiis &ncaNsHAiNRIFA0ISMEN] iS
acceptable for -7- image sensor devices not likely to be subjected to extreme environmental

conditions, andf&sUtscrP4usiivsIBuImes cdsteeBbsd toekaipal preS26 AStREdtRIVEEWBNE a method
of assemigly fortingi| iRt exgranialy Bokesisnanief ik arespntdWrRtoPhckise Stipnowg an image

sensor chip 18 having 5 pixeled microlenses 22 on active surface 20. In FIG. 513, gold or gold-plated

conductive buRfS¥I9iNg ogirdkrennsetion ot pnass sermor shinstd iR selamading dyergold
interconnect beaghingt 1AGEs IMERESHP(F8GS Hlased drFPGHemsBiaes Gavityshfuaif 32 deposited

within aperture 6 and over a central portion of the top surface 4 of package shell 2. In
FIG. 5F, transparent lid 8 is lowered onto the top of encapsulant 32 and gradually
15  squeezed into contact with top surface 4, as illustrated in FIG. 5G. As can be seen in
FIG. 5G, when transparent lid 8 is squeezed into place, it forces encapsulant 32 through
spaces between the bonded conductive bumps 24 and terminal pads 26 and out into
bottom-side cavity 16 to partially encase the sides 34 of image sensor chip 18.
Encapsulant 32 is also forced out around the edges of transparent lid 8 to further hold it
20  in place on top surface 4. Encapsulant 32 is then allowed to cure or, in the case of an
activated adhesive material, may be set using UV radiation, thermal, chemical or other
appropriate curing processes. At this point, image sensor package 1’ is completely
assembled and ready for attachment to carrier substrate 100.
In situations where the above-described method of assembly is carried out with
25  alow-viscosity encapsulant, it may be desirable to allow encapsulant 32 to flow
through to bottom-side cavity 16 by virtue of capillary action rather than forcing it
down with transparent lid 8. FIG. 5H, which corresponds to the actions taken in FIG.
SE, shows this alternative to the method. As in FIG. 5E, encapsulant 32 is deposited
within aperture 6 and over a central portion of the top surface 4 of package shell 2. FIG.
30  5H shows the process is then paused for a period of time to allow encapsulant 32 to

flow into bottom-side cavity 16 by capillary action prior to the placement of transparent



package shell 2 with active surface 20 facing aperture 6, as illustrated by FIG. 5C. In FIG. 5D,
conductive bumps 24 are bonded to terminal pads 26 using known bonding 10 techniques, effectively
mounting image sensor chip 18 within package shell 2 and providing electrical connection of image
sensor chip 18 to solder pads 10 through conductive lines or traces 30 (FIG. 4). Next, FIG. 5E shows
encapsulant 32 deposited within aperture 6 and over @ _central portion of the top surface 4 of package
shell 2. In FIG. 5F, transparent lid 8 is lowered onto the top of encapsulant 32 and gradually 15

squeezed into #bRtatFitHedirsu b apadamudtrbre darr e eqaliuign s kicemsnt piG. 5G, when

transparent lid & ispaegered Hé%l&@?ﬁ‘l liil@@?%se&fiﬂﬁ%wé@ﬁ %Hﬂ@%rﬁ%%%&%ﬁ‘éﬁeen the bonded
conductive bumps 24 and terminal pads 26 and out into _bottom-side cavity 16 to partially encase the

sides 34 of image seh§6CeHpMEeEeRAERESHERPOIISNE RIAH RUERRANPHO BIBS BNGREsparent
lid 8 to further haldiit-2hily PiRGERNRIR SPtiALE tadsnGapsHiaNEIRHS e halluest ta gufg:or, in the

case of an activated adhesive material, may be set using UV radiation, thermal, chemical or other

appropriate cufiRgproraNabeonkitioRs pRidEriHkgE 85T HAEREGRATIGY lagmpfBtéRy e48sembled and
ready for attachiment-tomariRveuRstAlR O bk sithatinnavhrir the aeverdeseribrdmethod of

assembly is carried out with 25 a low-viscosity encapsulant, it may be desirable to allow encapsulant

32 to flow thratigiFEWbthHEELLEl B¢ Vitnioroten plilatys eaishersmel AR EIMER down with

transparent lid3.thd Gradds iHGR GPRAERANESER thesariians itirRiAEIS. SE, shows this alternative
to the method. As in FIG. 5E, encapsulant 32 is deposited within aperture 6 and over a central portion

of the top surface 4 of B%c@é@%“é?r\%ﬁeﬁﬁ?‘?é.%é’ﬁg’kﬂf\ﬁg {5 SERY RafkaRSOLUYBEIFR a period of

time to aligw epsapselaIB2 itopfeypintadiokamnsits savityid 8 hystarillaydsstipiorior fecthie
placement of transparent -8- lid 8. After the flow of encapsulant 32 has reached ﬁﬁuilibrium, the

placement of G3FBAPEAPIS doHBRYitce s kagsiratiedas it eamha A tddt dS before. For
certain high-enghifRgens 8ATsdeMicorlatingeansRpay anhey ek hesRNSIMBrmed with the

presently preferred ceramic material of package shell 2 during a ceramic firing process.
This approach provides a unitary component with a hermetically sealed top surface 4.

15  Various adhesives may also be used to attach transparent lid 8 to package shell 2 as
long as they supply a strong, hermetic bond without significantly impinging into
aperture 6. Image sensor chip 18 is still mounted to package shell 2 by flip-chip
bonding of conductive bumps 24 and terminal pads 26, but an encapsulant material is
not deposited within aperture 6 to cover active surface 20 due to the optical

20  requirements of image sensor chip 18. Mechanical integrity and sealing of image
sensor chip 18 is instead maintained by the hermetic seal between transparent lid 8 and
package shell 2 formed during prefabrication and by a backing cap 40, which will be
described in detail below. Castillated solder pads 10 have the same configuration as
those of the first embodiment and are similarly electrically connected to the

25  interconnect bonds via conductive lines or traces 30 buried within the material of
package shell 2.

As can be seen in FIG. 6, a ceramic backing cap 40 is placed over bottom-side
cavity 16 to cover the sides 34 and back 36 of image sensor chip 18. Backing cap 40 is
seated on a peripheral ledge surface 42 formed in bottom surface 14 of package shell 2

30  around the periphery of bottom-side cavity 16. A bead of epoxy or other adhesive

material 44 may be used to hold backing cap 40 in place and hermetically seal the



circuitry may interfere with optimal image sensing. Further, in the case of extreme 5 environmental
conditions, or for image sensors that are particularly sensitive to moisture, the above-described
encapsulant arrangement may not offer sufficient protection. Turning to FIGS. 6 and 7A through 7H, a
second exemplary embodiment of the present invention that addresses these issues is illustrated.
FIG. 6 shows a sectional side view of an image sensog package 1" wherein 10 package shell 2 is
prefabricated with transparent lid 8 in place. A depression or recess 38 may be formed in top surface

4 of package SHEHMOLY. SEQMPARISIRIIEPRNG 49 ifr doisprdOnthrelgng 5391405081 BasihROREErial, it may

be integrally fogmeehwiibrihrresstly 3 efatrd ceranic mateyiab oipargeshallid @driagia ceramic
firing process. This approach provides a unitary component with a hermetically sealed top surface 4.

15 Various adREié®38ayeaney paiRd8 st aneparedOiRe Pidpaekgt sprahaniliong as they

supply a strong,Rermes RO VAR B RIIRIBEHNBINAINGVIN IR ARETIHER PretMAgs sRRST chip 18 is
still mounted to package shell 2 by flip-chip bonding of conductive bumps 24 and terminal pads 26,

but an encapsafidritddaieitshienfst yegbbrek ngitin Hpertlidatc s chtivé- stiade Bindtle to the

optical 20 requitemeRtsSRMMasesERSRNEhiHGaMerhanics|datepiitynansharalingoekiprage sensor
chip 18 is instead maintained by the hermetic seal between transparent lid 8 and package shell 2

formed during PREMISHEHSIIORS By taoRikirig A d ARG Inbe carRes i dn Hethn HERsH

Castillated 50'@?&@§ﬁ$y%ﬂ%ﬂﬂﬁ@ﬁt§@5ﬁﬁ>fé@%ﬁ%ﬂ%ﬁ% tResRfdhE firrlatthedimephandare
similarly electrically connected to the 25 interconnect bonds via conductive lines or traces 30 buried

within the matSARISF oR4G ORI arial KR S SERLRT ERTREC S 1ve A ReAURKIPRYRIHAGHE placed

over bottpm-sigenheauity st6® sravieiiRentidss Bérdbe kaek 36nhiebace senw: abip ¥8pRacking cap
40 is seated on a peripheral ledge surface 42 formed in bottom surface 14 of package shell 2 30

around the pefpReNP6fRSRBINM Srirccinaly e Wi riapssy roidiRifedNe material 44 may be
used to hold bagkingeantéuichRiacendisdermatipallkisaahtigber 46 to contact the entire back 36

are possible.
FIGS. 7A through 7H show a method of assembly for the second exemplary

15 embodiment of the present invention. FIG. 7A shows an image sensor chip 18 having
pixeled microlenses 22 on active surface 20, and FIG. 7B shows the formation of gold
or gold-plated conductive bumps 24 thereon for effecting gold-gold interconnect
bonding as in the first image sensor package embodiment. Image sensor chip 18 is
placed in bottom-side cavity 16 of package shell 2 with active surface 20 facing

20  aperture 6, as illustrated by FIG. 7C. As previously described, in this embodiment of
the present invention, package shell 2 has been prefabricated with transparent lid 8
already in place, providing a strong, hermetic seal that does not require a subsequent
deposition of encapsulant material. In FIG. 7D, conductive bumps 24 are bonded to
terminal pads 26, mounting image sensor chip 18 within package shell 2 and providing

25  electrical connection of image sensor chip 18 to solder pads 10 through conductive
lines or traces 30 (FIG. 6). The assembly is now ready to be sealed with backing cap
40. FIG. 7E shows backing cap 40 with compression member 46 formed thereon. In
FIG. 7F, a bead of epoxy or other adhesive material 44 is dispensed around the
perimeter of backing cap 40. Backing cap 40 is then pressed into contact with

30  peripheral ledge surface 42 and compression member 46 is deformably compressed by

the back 36 of image sensor chip 18, as illustrated by FIGS. 7G and 7H. The epoxy or



-9- assembly. Compression member 46 is formed on backing cap 40 and makes contact with the
perimeter of back 36 of image sensor chip 18. By providing force to the back 36 of image sensor chip
18, compression member 46 helps to maintain mechanical integrity of the interconnect bond between
conductive bumps 24 and terminal pads 26 5 and adds a cushion between backing cap 40 and image
sensor chip 18. This is helpful in situations where image sensor package 1" is subjected to
mechanical shock or vibration conditions that would otherwise damgge the interconnect bond. In the

present exemPlBey ¥hEHERBIabifreds AWsEHbBeaB I Ay PRbRptkdBe f8REdn backing cap

40; however, giheripatarals Raving SmilRs KADBsaTHMRiBRRaAINA PLRRAItIasarakGwhin the
scope of the invention. Further, while compression member 46 is depicted as contacting only the

perimeter of bAMRES SIS EhsBRIFHFersobehs 18 taRganstntd Boe uk adhifndimgg eotiression
member 46 to gm@gg the\atire Pack 23R Passipliaem! R akfetRipNge hshow a method of

assembly for the second exemplary 15 embodiment of the present invention. FIG. 7A shows an image
sensor chip 18 havind! BizERITHEIShsriseRDY it REFRADSINfaRERTh AN, BPRes R QM8 @Formation

of gold or goldnplatee fRadustyeiRemPsldkinaraan fnefrstins-aarithinterqamaghdeending as in

the first image sensor_packagle embodiment. Image sensor chip 18 is placed in bottom-side cavity 16

of package sh&PonitH8ched s RO SHEAHERED seperirackags ilvsPad air preeTRYY Mbreviously
described, in thigespkesicoratefetheRsessMdnYRAtidRoRAtIRECBhRN Bhaskese iy efalptsated with

transparent lid 8 already in place, providing a strong, hermetic seal that does not require a

subsequent d&FOLMBRFSERIRERISERES InsYerithonekiadons nebrorfaiv e Mghpabinass plsisd to
terminal pads g6vinoUriinefiRAUR: FRRRH LOUP 48 W iinRTKRIRLIShh BFRE0NRIDE pelelestrical

connection of image sensor chip 18 to solder pads 10 through conductive lines or traces 30 (FIG. 6).

The assembly Is Aber&5d0iydsd the fistFRadmere Apade sees PRCKpgns BuidfgiR®ap 40 with

compression m@mmbendénteitary dbareRMicNice. Under this modification, compression member 46
may not be required on backing cap 40, as image sensor chip 18 would already be
secured by encapsulant 32.

15 The above-illustrated exemplary embodiments of the present invention provide
compact leadless packaging for an image sensor or other optically interactive
microelectronic device that is simple and economical to fabricate. These image sensor
package embodiments are also well suited for a range of environmental conditions,
allowing a specific package configuration to be selected based on utility versus cost

20  considerations. Although the present invention has been depicted and described with
respect to the illustrated embodiments, various additions, deletions and modifications
are contemplated within its scope or essential characteristics. Furthermore, while
described in the context of an image sensor package, the invention has utility for the
packaging of numerous types of optically interactive microelectronic devices. The

25  scope of the present invention is, therefore, indicated by the appended claims rather
than the foregoing description. All changes which come within the meaning and range

of equivalency of the claims are to be embraced within their scope.



FIG. 7F, a bead of epoxy or other adhesive material 44 is dispensed around the perimeter of backing
cap 40. Backing cap 40 is then pressed into contact with 30 peripheral ledge surface 42 and
compression member 46 is deformably compressed by the back 36 of image sensor chip 18, as
illustrated by FIGS. 7G and 7H. The epoxy or -10- other adhesive material 44 is then cured to
hermetically bond backing cap 40 to peripheral ledge surface 42 and hold compression member 46
against the back 36 of image sensor chip 18. Image sensor chip 18 is hermetically sealed within
image sensor package 1", which is now ready fo ¥ fhent to carrier substrate 100. 5 It is also
within the scopgofithe rigsantinvention that certain aspects of one of the described embodiments be
used in the other described embodiment. For instance, when using the first embodiment image sensor
package 1' as part of an assembly that will be subjected to extreme environmental conditions, it may

be desirable to furthey seal Kpage-a8AROINRICKBI I ¥EMPBRHGN it does not contain a high-end
image sensing 10 device. Therefore, the backing cap 40 of the second embodiment image sensor

package 1" migPrabasnehsdeRriinge MR eBHissdReHPImayE seARS A pAtaie of $H1® ruERESS further

hermetically seal the devigga Jnegr dhisipedificationne dnpsassigRdeember 46 may not be required on
backing cap 40, as image sensor chip 18 would already be secured by encapsulant 32. 15 The

above-illustratéll SXEHIMAABFAIB AN RS Ui tAe Prdsamamasnttsh provide compact leadless

packaging for amdpaaaRRNSNIQTORRH IRkl dRiaraniive: siHopiReHaniBLeYiteithat is simple and
economical to fabricate. These image sensor package embodiments are also well suited for a range

of environmental conERORENSHEMRNY ) GsetrrtyscRReEsATgIGSOH tohaxiBg AR R HSsed on utility

versus c@st 20 consigeratiens tithoHgbfaAresSntirvgithdasparngeristed anehdessiibed with
respect to the illustrated embodiments, various additions, deletions and modifications are

contemplated within PRBHRE OEbehiaRrids CYibtics. Furthermore, while described in the context
of an image sensestRagkage g Ve veRieNasMttiee iBunted within the bottom-side cavity,

the optically interactive microelectronic device having an active surface at least
partially exposed through the aperture;
15  atransparent lid covering the aperture; and

at least one solder pad on at least the bottom surface of the package shell.

2. The electronic device package of claim 1, wherein the optically
interactive microelectronic device is mounted within the bottom-side cavity by a bond
20  between at least one terminal pad formed on the cavity top surface and at least one
conductive element formed on the active surface of the optically interactive

microelectronic device.

3. The electronic device package of claim 2, wherein the at least one
25  conductive element is a conductive bump, and the at least one terminal pad and the at

least one conductive bump comprise gold.

4. The electronic device package of claim 1, wherein the optically
interactive microelectronic device is an image sensor chip.

30



packaging of numerous types of optically interactive microelectronic devices. The 25 scope of the
present invention is, therefore, indicated by the appended claims rather than the foregoing
description. All changes which come within the meaning and range of equivalency of the claims are to
be embraced within their scope. -11- CLAIMS What is claimed is: 1. An electronic device package
comprising: 5 a package shell having a top surface, ajbattom surface and a plurality of side surfaces
extending from the top surface to the bottom surface; an aperture formed in the top surface of the

package shell; a bottdm-sidd taglgrsedeirianaaskugmeseitind ofuiteepseraisigBell and in
communication wittthe-aPaitupRu i hatgmrside savitihavive aprausited gprimeter that is larger

than an outside perimeter of the aperture to form a cavity top surface in the bottom-side cavity; an
optically interactive MitFERIE¥EBHICAdSEOHotRtE athiHliRg bistbriteiadwamat/indhe Ktically
interactive microelecygmie devige pavng:-andactive surface at least partially exposed through the
aperture; 15 a transparent lid covering the aperture; and at least one solder pad on at least the bottom
surface ofthe package shell. 2. The electronic device package of claim 1, wherein the optically

interactive microelectgonic deyiceidsronieniedwithickthe bptiamrsideavityhy sphend, 20 between at
least one terminal pad formed on the cavity top surface and at least one conductive element formed on

the active surfAUE"8f{He BiCSIRFiFBIAEAVIS i BluE it diicarBcehand dtd sl neiee package
of claim 2, whegindherahienatang soscNAkEING RleMent &ﬁiﬁﬁ;@@@gi‘@i R @i shemt least one
terminal pad and the at least one conductive bump comprise gold.
encapsulant material.
10
7. The electronic device package of claim 6, wherein the optically
interactive microelectronic device has a back surface that is exposed within the bottom-

side cavity.

15 8. The electronic device package of claim 5, wherein the transparent lid
rests on a portion of the top surface of the package shell surrounding the aperture, and
the transparent encapsulant material further extends under the transparent lid and along

a plurality of edges of the transparent lid.

20 9. The electronic device package of claim 1, wherein the transparent lid is

seated in a depression formed in the top surface of the package shell.

10. The electronic device package of claim 1, wherein the transparent lid is
integrally formed with the package shell.
25
11. The electronic device package of claim 1, wherein the transparent lid is

hermetically bonded to the package shell with an adhesive material.



4. The electronic device package of claim 1, wherein the optically interactive microelectronic device is
an image sensor chip. 30 -12- 5. The electronic device package of claim 1, further comprising: a
transparent encapsulant material covering the active surface of the optically interactive
microelectronic device and filling the aperture formed in the top surface of the package shell. 5 6. The
electronic device package of claim 5, wherein the optically interactive microelectronic device has a
plurality of side surfaces, and at least one side surface of the plurality of side surfaces is at least
partially covered by tHé-trandpsrdattiontapuirnpansesial doim. lFherdRiceIARE 8i@%ce package of

claim 6, whereindhe-QnticaRlbolnerAsive BygmeiariReisavipsRascaRacksuhtrar thatdmexposed
within the bottom- side cavity. 15 8. The electronic device package of claim 5, wherein the transparent

lid rests on a portionsétasavisys dbtkace of the package shell surrounding the aperture, and the

transparent en&%@cﬂ&l@&éﬁ%ﬂﬁlé&'E@ﬁfeﬁ&%@%ﬂfﬁ&%ﬂ@@&@ﬂﬁg@ﬁ%’ﬂd@%ﬁ‘ﬁﬁc@QBQit  plurality of
edges of the transparent lid. 20 9. The electronic device package of claim 1, wherein the transparent

lidis seatdd in a depression formed in the top surface of the package shell. 10. The electronic device

package of claim 1, whereinthe diansnaart/ickisaértegratiy formed witidheiRaskaggshgllis2s 11. The
electronic device package of claim 1, wherein the transparent lid is hermetically bonded to the

package shell Derpnetic aldinsealrd potasiledge surface with an adhesive material.

14. The electronic device package of claim 12, further comprising:
10 acompression member formed on the backing cap and contacting a back surface of the

optically interactive microelectronic device.

15. The electronic device package of claim 14, wherein the compression
member comprises a gold trace formed on the backing cap.
15
16. The electronic device package of claim 12, wherein the backing cap

comprises ceramic.

17. The electronic device package of claim 1, wherein the package shell

20  comprises ceramic.

18. The electronic device package of claim 1, wherein the transparent lid

comprises glass.



-13- 12. The electronic device package of claim 1, further comprising: a ledge surface formed in the
bottom surface of the package shell around the bottom- side cavity; and a backing cap mounted to the
ledge surface and covering the bottom-side cavity. 5 13. The electronic device package of claim 12,
wherein the backing cap is hermetically sealed to the ledge surface with an adhesive material. 14.
The electronic device package of claim 12, further comprising: 10 a compression member formed on
the backing cap and contacting a back surface of the optically interactive microelectronic device. 15.
The electronic devicel Jackafenstiedihorasseipliam ahsleginpie S61URC RASKISEICOIMPASES a gold trace

formed on the mﬁhh%gacg;aﬁkagelsﬁeﬁ heweleciienicflavics Rrgkagas slaimd@erbersin the backing cap

comprises ceramic. e electronic device package of claim 1, wherein the package shell 20

comprises ceramic. 1ERtPHe BsEASHY: (9o BACRAGRIDFHIEIRR DGRt Al itheHREpSAIANid

comprises glass. -14+18. femsthaciehaBsREMIING 20 BIGHAONIE SeYIAsi AREKAGR GPMRIIRING: forming
a package shell having an aperture formed in a top surface thereof and a bottom-side cavity formed in
a bottom surface theteBICARAMERHHARIBSHBSSHIvA cRPEHGH T adHYSIER LulAsF Maving an
outside perimeter thahisigygelidieanan outside perimeter of the aperture to form a cavity top surface

in the bottom-side cavity; forming at least one solder pad on at least the bottom surface of the
package She”;formmg at’least one solder pad on at least the bottom surface of the package shell;

mounting an optically interactive microelectronic device having an active surface
within the bottom-side cavity such that at least a portion of the active surface is
10 exposed through the aperture;
depositing a transparent encapsulant within the aperture to cover the at least a portion
portion of the active surface exposed therethrough; and

covering the aperture with a transparent lid.

15 20. The method of claim 19, wherein depositing a transparent encapsulant
comprises depositing the transparent encapsulant to a level that fills the aperture and

covers a portion of the top surface of the package shell surrounding the aperture.

21. The method of claim 20, wherein covering the aperture with a
20  transparent lid comprises:
lowering the transparent lid onto the top surface of the package shell; and

holding the transparent lid in place by adhesion to the transparent encapsulant.

22. The method of claim 21, wherein the optically interactive
25  microelectronic device has a plurality of side surfaces, and further comprising:
squeezing the transparent encapsulant out of a bottom side of the aperture within the
bottom-side cavity to at least partially encase at least one side surface of the

plurality of side surfaces of the optically interactive microelectronic device.



mounting an optically interactive microelectronic device having an active surface within the
bottom-side cavity such that at least a portion of the active surface is 10 exposed through the
aperture; depositing a transparent encapsulant within the aperture to cover the at least a portion
portion of the active surface exposed therethrough; and covering the aperture with a transparent lid. 15
20. The method of claim 19, wherein depositing a trangparent encapsulant comprises depositing the
transparent encapsulant to a level that fills the aperture and covers a portion of the top surface of the
package shell surroufding tH8apshad obelaihe mEBiHBEr SPEMIMIDG, wherein covering the aperture

with a 20 trangpRiaRtlicheRMpriRe S awegdhe trnshareptittheriehetap s tagr eldhe package
shell; and holding the translcgarent lid in@lace by adhesion to the transparent encapsulant. 22. The

method of claim 21, WHBYaitheRosptr-aifeiftEActive 25 microelectronic device has a plurality of side
surfaces, and further comprising: squeezing the transparent encapsulant out of a bottom side of the
aperture within the bottom-side cavity to at least partially encase at least one side surface of the

plurality oPside surfacés of thBedpaitiaf ahtdrHBtie Whers sarsrie gy RREIclls Derftidvmethod of

claim 22, furthgficmBeisig IRV snatdesurface of the optically interactive microelectronic device
exposed within the bottom-side cavity. 5 24. The method of claim 19, wherein mounting an optically
interactive midPEBIBEAAEY OV ELEBHPHRELRIhATTRY AY @aﬁu&%q&%iﬁﬁrﬁé@%w@é@ top
surface that is operalphy: aPRIRG A stheeahleast one solder pad; forming at least one conductive

element on the active surface of the optically 10 interactive microelectronic device; and
forming at least one conductive element on the active surface of the optically

10 interactive microelectronic device; and

bonding the at least one conductive element to the at least one terminal pad.

25. The method of claim 24, wherein forming at least one conductive
element comprises forming at least one conductive bump on the active surface of the

15  optically interactive microelectronic device.

26. The method of claim 25, further comprising:
forming the at least one terminal pad and the at least one conductive bump to comprise
gold.
20
27. The method of claim 19, further comprising:

selecting the optically interactive microelectronic device to be an image sensor chip.

28. The method of claim 19, wherein forming a package shell further

25  comprises forming the package shell of a ceramic.

29. The method of claim 19, further comprising:

forming the transparent lid of glass.



bonding the at least one conductive element to the at least one terminal pad. 25. The method of claim
24, wherein forming at least one conductive element comprises forming at least one conductive bump
on the active surface of the 15 optically interactive microelectronic device. 26. The method of claim
25, further comprising: forming the at least one terminal pad and the at least one conductive bump to
comprise gold. 20 27. The method of claim 19, furthergcomprising: selecting the optically interactive
microelectronic device to be an image sensor chip. 28. The method of claim 19, wherein forming a
package shell further 35 confipPisdy ingme e RE Gl oM oflavies Atk gocomrisiBgod of claim

19, further Cor‘?@(ﬂﬁfﬂ%h facwpigg §H§lt%§ﬂcaﬁ‘ﬁ@d&1t&lfe%§§ed]i§'a39p Aufpgtbad fasagrembling an
electronic device package comprising: forming a package shell havm? an aperture formed in a top
surface thereof and PP FAVERARIRSHBAE PPHBB B SRIFhsEeotad BT et eisAiifinication

with the aperture, the;hg{teR1pileusaUiY baie- a0 wINEREHID SRS IRMd prIRISF dharsan outside

perimeter of the aperture to form a cavity top surface in the bottom-side cavity; forming a ledge
surface inthe bottom! YigFat BRI BAtkREAReEN o BIFRPEHRISIR AT VAVItOP Vi At least one
solder pad on the pagkagsi&hgliatIeastynto the bottom surface of 10 the package shell; covering the
aperture with a transparent lid; mounting an optically interactive microelectronic device having an

active surface VR thE BetieagaddReiRPL0RhSHE S 06 s RApRED ANGHH AR Witk ey is

side cavity;
forming at least one solder pad on the package shell at least onto the bottom surface of
10 the package shell;
covering the aperture with a transparent lid;
mounting an optically interactive microelectronic device having an active surface
within the bottom-side cavity such that at least a portion of the active surface is
exposed through the aperture; and

15  covering the bottom-side cavity with a backing cap.

31. The method of claim 30, wherein forming a package shell further

comprises forming the package shell of a ceramic.

20 32. The method of claim 31, wherein covering the aperture with a
transparent lid comprises integrally forming the transparent lid with the package shell

during a ceramic firing process.

33.  The method of claim 30, wherein covering the aperture with a
25  transparent lid comprises:
forming a depression in the top surface of the package shell; and

seating the transparent lid within the depression.

34, The method of claim 30, wherein covering the aperture with a
30 transparent lid comprises hermetically bonding the transparent lid to the package shell

with an adhesive material.



exposed through the aperture; and 15 covering the bottom-side cavity with a backing cap. 31. The
method of claim 30, wherein forming a package shell further comprises forming the package shell of a
ceramic. 20 32. The method of claim 31, wherein covering the aperture with a transparent lid
comprises integrally forming the transparent lid with the package shell during a ceramic firing process.
33. The method of claim 30, wherein covering the apgrture with a 25 transparent lid comprises:
forming a depression in the top surface of the package shell; and seating the transparent lid within the
depression. 34. The method of claim 30, wherein covering the aperture with a 30 transparent lid

comprises hermeticalls bonding thersanirasgRtiid imthe Patkagnshglbpiithignadhegie material. -

17 35. The method of claim 30, wherein mounting an optically interactive microelectronic device
comprises: forfRIRPHERES S ABVISFRRTAPTERE oN the cavity top surface that is operably coupled to 5

the at least ong,spiglerPad{Ringnhlaaskialie o RRUElVS,elementen the Rl sutines @f the

optically interactive microelectronic device; and bonding the at least one conductive element to the at
least one ferminal patherd 1883t MRERORRET claim 35, wherein forming at least one conductive

element comp¥isgsi fermmiRgsabirasi e fRNdusive AP Lu B relie-swifasaiehtke optically

interactive microelectronic device. 37. The method of claim 36, further comprising: 15 forming the at
least one terminal patlisFf e RtifEEeeEnioAsiEE /& Bump to comprise gold.

bonding the at least one conductive element to the at least one terminal pad.

10 36. The method of claim 35, wherein forming at least one conductive
element comprises forming at least one conductive bump on the active surface of the

optically interactive microelectronic device.

37. The method of claim 36, further comprising:
15 forming the at least one terminal pad and the at least one conductive bump to comprise

gold.

38. The method of claim 30, wherein covering the bottom-side cavity with a
backing cap comprises:
20  forming a compression member on the backing cap; and
contacting a back surface of the optically interactive microelectronic device with the

compression member.

39.  The method of claim 38, wherein forming a compression member

25  comprises forming at least one gold trace on the backing cap.

40. The method of claim 30, wherein covering the bottom-side cavity with a
backing cap comprises:
hermetically sealing the backing cap to the ledge surface with an adhesive material.

30



38. The method of claim 30, wherein covering the bottom-side cavity with a backing cap comprises:
20 forming a compression member on the backing cap; and contacting a back surface of the optically
interactive microelectronic device with the compression member. 39. The method of claim 38, wherein
forming a compression member 25 comprises forming at least one gold trace on the backing cap. 40.
The method of claim 30, wherein covering the bottom;gide cavity with a backing cap comprises:
hermetically sealing the backing cap to the ledge surface with an adhesive material. 30 -18- 41. The
method of claim 30, ftitther ddmpisshed fIrehiig Btk ademheraapisnaieemirgchabagiegrarid of claim
30, further compyising:5 selecting the optically interactive microelectronic device to be an image
sensor chip. 43. The method of claim 30, further comprising: forming the transparent lid of glass. 10
44. An electronic device package comprising: a package shell having an aperture formed in a top

surface thereof and ajbottonyigidge@auibt tarmedonia-hritenpiiage thereof and in communication
with the aperture; a cavity top surface extending inwardly from an edge of the bottom-side cavity; 15 a

terminal pad foRIEHGH IR ORUEANY tHS s TEHAPISATRRIL HaT S EDRBGRIRA 828R A BiRtically
interactive microelectronic device having a conductive element bonded to the terminal pad; a
transparent encapsulant material filling the aperture and encasing at least a portion of a plurality of

side surfaces of the dhlicallylPeratiRbahidaynidtulysiey comperising:

forming the transparent lid of glass.

10 44. An electronic device package comprising:

a package shell having an aperture formed in a top surface thereof and a bottom-side
cavity formed in a bottom surface thereof and in communication with the
aperture;

a cavity top surface extending inwardly from an edge of the bottom-side cavity;

15  aterminal pad formed on the cavity top surface and connected to a conductive trace;
an optically interactive microelectronic device having a conductive element bonded to
the terminal pad;

a transparent encapsulant material filling the aperture and encasing at least a portion of
a plurality of side surfaces of the optically interactive microelectronic device;

20  atransparent lid covering the aperture and secured to the top surface of the package
shell by the transparent encapsulant material; and

at least one solder pad formed on a surface of the package shell and connected to the

conductive trace.

25 45. The electronic device package of claim 44, wherein the optically

interactive microelectronic device comprises an image sensor chip.



20 a transparent lid covering the aperture and secured to the top surface of the package shell by the
transparent encapsulant material; and at least one solder pad formed on a surface of the package
shell and connected to the conductive trace. 25 45. The electronic device package of claim 44,
wherein the optically interactive microelectronic device comprises an image sensor chip. - 19 46. An
electronic device package comprising: a package shejbhaving an aperture formed in a top surface
thereof and a bottom-side cavity formed in a bottom surface thereof and in communication with the
aperture; 5 a cavity tdf¥ surf4tt dEERBIAGTHITaRAGRERHT AMIEIBS the bottom-side cavity; a terminal

pad formed onthe-cavityHaPeHAREeA coRNBEed 10 @ R diEliNaass: 1Al PBUABIY. inisractive
microelectronic device having a conductive element bonded to the terminal pad; a transparent lid
covering the apertureé2¥6afREsE s FRCE M mEtRss thereRittoih BUipRB BHEREPavkBdBshell around
the bottom- side cavi%eﬁlg@gking cap mounted to the ledge surface and covering the bottom-side
cavity; and a compression member formed on the backing cap and contacting a back surface of the

optically intera@ ¥ i evstars st eingeimesudly figeat cden i des RUBELRMEE B Eaim 46, wherein
the optically infesagative paIIORIREANIECENES CPYNBHEES AU FBANERINSO! &lBuctive trace;

an optically interactive microelectronic device having a conductive element bonded to
the terminal pad;
a transparent lid covering the aperture;
10 aledge surface formed in the bottom surface of the package shell around the bottom-
side cavity;
a backing cap mounted to the ledge surface and covering the bottom-side cavity; and
a compression member formed on the backing cap and contacting a back surface of the
optically interactive microelectronic device.
15
47.  The electronic device package of claim 46, wherein the optically

interactive microelectronic device comprises an image sensor chip.



