-1- LEADLESS PACKAGING FOR IMAGE SENSOR DEVICES 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-couple_dlo_levice (CCD) image sensors or complementary
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 isllédoefEdE Ty piadl AGENGAEORAMPEACSEM PR EEMIQERINg 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 transparentHi@loMe€ thie EBVitI). This packaging arrangement can

require s%veral fabrl%e}gﬁ:c)%tt%g% and raiseg,coneern .gf dtgglrll)lrlle%i and size Wire ands gﬁgl 20

instance, involve special consi e?avﬁgtﬁgndurln%pﬁgsc?aéev ormation gts]eotg%kea‘(ﬁlgéif)e Or?gt%re of the thin

wires and bondhcoactections;caiw tadsdccidl forsindleasparpadkdgetbizereser derctoiaccoainsadate the
arched wire baryds ithin e packaae eaviy FHiner e, housing sgneiiuetion dor syich a package
requires a large volume ot m tenal held within Iﬁg%ﬁ %oilerances, Increasing 23St and Broduction time.
The completed sensor package is 25 large and takes up valuable space in high-density circuit
assemblies. In order to reduce size and increaﬁagﬁéﬁgyjﬁﬁrious 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. P_até_ﬁt 5,357,056%6%@@161%0%@@@@@@%@@@@3@9@ (hq:)ticastl,yﬁimt@ramwg devices

Inoreased devibE e e I R mounted

enclosure whevein @rsidawalCHiEes) ismagustethdirestlyitorm degic fdu provdlestprstecoomdreensing or

light 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-



-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 window
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 package 5 with a stand-off frame for a window and
reference plane members for simple and accurate n]%u_nting of an image sensor within the package.
While these and other designs offer some packaging improvements, they still raise issues regarding
numerous housigieterirentsyr end i ngmpateplecstep ssaftashednintyrahd diféisullipsevdthUtrmetically

sealing the pagkades, frther e incarporafion of (nese sirciures nio, Lo arder clieuit agsemblies
often involves the Use of delicate [€ads of solder pa(f’ arrangemgn S fivictPare ot suitable 1o today's

high-speed auiow@atddvassamtbiyt tebivegiadsicAtcortipg lyndingedvexisis dexlinggroyedtjigackaging of

image sensors or other optically interacti jcroglectrgnic devjces that is simple to faﬁt%ricate and
mocemble. 15 TG HERG of St o el R e R e IO
In contrash to thétiaboumdiestiibed foior wihdine prdsefdrimee piiare proxvites fomuetipbdaadd apparatus
for packaging an optically interactive .microelectronic device 2Q such.as.an jmage sensor within a
leadless shell ﬁ%:\ﬂ%ea%%ut%l%s%gnc%ﬁ%? né%n%b%éms%ﬁ g@ﬁ%ﬁie@%% 5e%élr§1i%%ﬁauctor die or
chip, is mountddsigmsoritierctbrecghenhkepisg withinvitbrecravithian stiflipacieipssonfigpaadiog sucterthat the

active die surf%ce cont ininﬁ sensing circ {;r%‘ IS extpo§ed thrgﬁgahngtai?ﬁcer Fre inttlpe top surface of the
e

ousing. elements requirt multiple Steps oI asse uf 1ES W .
shell. A transparenlfl%lg ISP aced bverthe aperture to protse(r:rtl active surface from 25 environmental

conditions andheraycaést ypsesite dre pptikagdsinElichsudie as;dgroexampliaghéseusimguesiltenng light

passing feretfaual, ARtaliyALeanislaied. solenrads pelecic communigafion with the
conductive eleménts Is formed around the periphery of the shell'and extends 16 the bottom side of the

shell for attachamrrengohetite whageasensosipablkatie todaarigh spbstrattosuhdosssembityed circuit board
(PCB) or 30 o{@c%rnﬂjlggser-level packaging.
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.



-3- While exemplary embodiments are described herein in terms 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 access to a device surface. The term "optically interactive" as
used herein is meant to encompass 5 devices sensitive to various wavelengths of light or other forms
of radiation, such as, but not limited to, CCD and CMQS image sensors, EPROMs, and photodiodes,
as well as light-emitting devices including semiconductor lasers and light-emitting diodes. In one
exemplary embodiménhdik e prdaentinveditiemtamnddageisedborethipn isriiipechaip imagnted to the shell
with gold-gold intercortme?t E)ond(ip? anahmet%?tive 10 tsurfac:te of the %hiB is t%uried in a transparent
encapsulant which ServésXo hond the ¢ |pa onto’ e%eBalcrwgélel%%rsrllﬁ , Mamtain bon i(i”%flé’grity and
protect the chipaetiys etHdrepeiceHpsulantis suosegusvitlylcappéad withnd drafispararss lid feld in place

by adhesion to, the encapsulant materjal. .The back of the,image . sensor.chip is left exposed within the
battom-cide ctice e el Mpaqit oppicalfy eV S asea ot ik hiddicto enchitmass 1ol

is prefabricatattviitts acirsinispaevirlichmeavited ghe otHeshpartuhe rdbtines stietdi@odn;galdh asterconnect
bonding is still,.used ta mount the ima r.package in a flipschip . fashign, but the use of,adhesive
BUT Ot %mlfﬁlé{h%rgﬁjg G C68 1%:& € s%(nsors EEH{WS a @ %}d%ﬁ&l \%ﬁ,fl

and encapsulant materia 0 a minimum. acking cap is place & Pack of the image
sensor chip withihghiecbuttorp-dide0indvidyntpshenmeticaliyr sesdrthap fickégeandgpdotdet. the image
sensor chip. Other ar {yiher feglues. angadvanipges willhe apparent rom. he. fallowing, .
descriptions of the various embodirments of the presentqnven%ion when'read in- conjunc(flo with the
accompanyingthipashipgsoltndl tethmsteridtact pyldigeldfioraicranyeckithiditizeaad tivasdheefollowing is
provided fgr ilysifalve;an SXSMRIAN. PHIRGSSR 2R ANl AN.M1At pmeraNs.combinajans el he
elements of the various embodiments of the present invention are contempFated as being Within the
scope of the prege theipsdnigorraBRIERDESCRIRTION O F DR AWMINGEB3Dimetheesirabings, which

lllustrate what é%&a‘f)rsﬁ‘fl%ﬂ%‘i%HE&%SE%Q&? pa%lggg Qﬁﬁta 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:



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 transparent window mounted on the top surface of a
package shell and the active surface of an image sensor chip exposed therethrough. FIG. 2 is a
perspective bottom view of the image sensor package of FIG. 1 5 showing a bottom-side cavity formed
in the bottom surface of the package shell and contaiping the image sensor package. FIG. 3 is a
partial side view of an image sensor package according to the present invention mounted to a carrier
substrate. FIG. 4 is aldéttibisal piaepeiziveodon fiistverhbo dimgntafsan pachggesensatiif toabkage

according to theé)re§ent inventign wherein a transtpare tWindov¥ S mopn ed in an er}capsulant
) 8{ sen 1l}vent10 showing a transpare W]l]_l grg%\u{he ont OaP surface of,a = .
covering the active surface of an image sensor chip. : roug ré views showing a

method of asspmbkhgéohtiibafirsthe aubiodisnefatobianmage semsorchgckagescbpictediiouglG. 4. FIG. 6 is

a sectional side viewlgf(g iecond emb‘gdingeﬂt of an im ggesensor 1500ack§%%eea éﬁrlg to the
' e id !

. . 1S a perspeciive bo OH]TV €W O m%ﬁge %CHS I pac O . .
present invention whereiha package s ell'is pretaprica witin-a transparen and a backlng cap iIs

placed ovér a backiside watoty-todh eamigtitaiiyedaal ttrebivttagesseiaso o pdekpgdaptGRelF#nthrough 7H
are views showing a meél%glclj of assembly far the second embodiment of an image sensor package
depicted in FIG 6. 20'B %‘bs@{’é%}%%%KRRWNG OUT THE INVENTION Referring in general
to the accompanying ldi@wing s, pratidusdespeetsiddithmageesandipacktignaverilusttatde orsteow the
structure and rﬂl%%h?%% fr%r l<'ilstf§%r§|0blﬁycof a nggsl oSS, package containing an exemplary solid-state image
sensor. Common elements 25 of the fllustrated embodiments are designated with like numerals. It
should be understoobilthat ihe figuirespsekeniad are Not ereboditodne dfustratige sfraotual views of any

g o S S8 S, A B AR RO, R
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 placed 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.



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. -5- FIG. 1 is a perspective top view of a leadless
image sensor package 1 of the present invention showing features which are common to the various
embodiments of the invention. A package shell 2 inclydes a top surface 4 having an aperture 6
extending downwardly through package shell 2. While'it is presently preferred that 5 package shell 2
be constructed of a cEl@nicisngtersakwihetomatenals siccldlass imndgedepaspadtagtdlatsohoe used if

capable of maintaini ackage tolerances and providing sufficient insulation from environmental
P paskass olerances and praviding, sufficient 7

.. resen owlin atures whic ($ mon e various embodiments
conditions. Thg ﬁerme IC properties ora ceramic s eaﬁ are par(flcu(fahy suftec?ton{ e secon

embodiment oflihpeesent iAverdkape whulil2 imcdedesibecpinuliiailOrdomgArirarsparemt lid 8 covers
aperture 6. The_ term. 10 tran‘%egﬁ{&n&rg uge%c%?%%dgxewglwlkngﬁd%er égéattﬁ?r{g%lﬁé ttftlrc'%leth (ﬂi%/tv the

.e:b nfhl}%dow
passage of visible light or o ms oftradiation having'a selec avele such as infrared or
ultraviolet5 Exgraqiegmstielial béarntrsinspedaritdicetare platesabfdbeosihoaielosughiastmgldsd; however,

other glass, ceramic or plastic materials having suitable .transmissivity are within the scape of the
oreaent menthn U S P P S A B R TN o
package shell gjféxiemdimgfxomm drdowean pontioentil paciage shehhsidecsupagesti® ofto the bottom

surface 14 of the %ackﬁl%i shelgl%&lﬂG 2 f-?l’ d‘{'(? hanical gteta%h ent ngtglectrical cou |'El(g10f the

image sensorcgzral% zlicgse &'a Carrier %Il%s?rla e such gécgnprln ed circul %oaredp&g%gg.mﬁlhg{ castellated

solder pad arravigemedeisvbeld suidethiidreddiachirentsphinmadid 8ensers2(ppacikage Theaararrier

substratg 400 ”t%il%%ﬁc?é%eﬁ‘%i%@% %‘ﬁ&é’&l‘aﬁ%%’e%s%efﬂcﬁ'l}’dg%li’é}}ﬁ L ASHE0 B Sasn.d 5#6- 3, solder
pads 10 provide conductive bonds between image sensor package 1 and conductive elements 102 on
carrier substratesitdo vghiobr wthyrermeasilyddspeotbayiagd releorkdd ardergplaivechiinadessdry. Solder

pads 10 may be igndestio coNANEIve elemants 102.ueing eloneg fialead, g ey sgider.

conductive 25 or conductor- poxy or other conductive bonding agents 104 which are well known
in the art. 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 package shell 2 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

20  package 1 to a carrier 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

25  or conductor-filled 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

30  with aperture 6. An image sensor chip 18 is flip-chip mounted within bottom-side
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,



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 30 with aperture 6. An image sensor chip 18 is flip-chip
mounted within bottom-side cavity 16 in a face-up manner such that at least a portion of its active
surface 20 (FIG. 1) containing sensing circuitry is ex_pé)§ed through aperture 6. By this arrangement,
-6- active surface 20 of image sensor chip 18 may receive light or other forms of radiation passed
through transpanént o B.cd Athafigniadel eBset aimigh HA\ iy ugleiSElightirst @kentptary efimbabiatiment of the

present invention agq metkhog of assen‘lbdy thereof is illustrated. 5 FIG. 4 shows a sectional side view
. assed throu ians redlt 1d78. . .
of an image seénsor package 1" Including image sensor chip 18 mounted to package shell 2 in a

flip-chip fashion suchThatiagtivé I6i%fdca@0 Aadtesuzpertire ficsAsxsegiairy Etihodjaetivef sheface 20
may optionally _include pixeled mjcrolenses.22 which cover.the sensing circuitry thereon to focus light
or provide othdr %Sﬁﬂtcé \fﬁ?ﬁ: |oﬁg(.]I frrﬁee{%%as(gn%sg? chbl?g %rlgorfnlgdhf%g%ggattaching 10 conductive bumps
24 disposéd on bondijétg choedistsiatitechbodd yadwsofrot isgesyoor pativegsul facd R terminal
pads 26 formed an the top surface 28 of% ttomsside ity: 16 and surrpunding aperture 6.
Conductive buﬁwnﬁgeZS an Sg%allr%arpﬁg t§ %Oé)raé:kﬁogr%%ggl !)#,ylgrapﬁé e@ﬁt%,sggﬁ%ﬁﬁié#o?ﬁgéeto provide
the presently prefeoedldales gptatintedc ol estrbiondibg4 T gokusdiald 20 ngatigimismdgsirable for
providing a 15.hi h%é conductive interface,with image sensor chip 18; however, other materials such
B bumps of T S i B IR 22 e
Terminal pads®@are dechicallyicorinectedsto Iszide spads d0pvis isondudtidelngsdrin@ces 30 buried
within the ceramic, material of kage shell 2. An encapsulant materal 32 fill ertyre 6..caovering
mctive sulace DDA B BBl oren oo B BB S e R e
18 to packagesined| rimaiRaio Bominintegdity 6 éveehaothduotivveitiarnBs 2itarticiesdinal pads 26,

and to protect (e, gdes, 34 91 INAYE SENSORSLID 18, AR AR 32 HEN HR e PReef aperture

6 where transpare IS mounte top surface
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



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 fransparent 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 ohipd Seisstefiexipesadt Mk eobapsblatied arangementiscaccapihbtenditiods,image
sensor devicesrpcp}eliktﬁlg/.%oabe siﬁlgjecg[ed t%)_%(tr me %rgiéigoenmental conditions, and results in a simple
and cost-effecfive pg% abe. FIGS R ﬁ(r)cs)ug TS S Fethod of assembly for the first exemplary
embodiment of the prE&esit ivemtiogh B(GsHAv shavth@hohagendéy sar hifiriBelraniplyrp pixeled
microlenses 22 apactive surfacs 20 Jn FIG, o5: 99id andgidplated conductive. pumas a4, are formed
on active surface 20 10r Su seq@enst?y effecting gold- gold intarconnectbon Ing. rﬁage SenSor chip 18
is placed in botiorieside caldhss62dfopackageustrelt 20with BitiveBurtdder2¢pfdgihgedperture 6, as
llustrated by FIG, 3 I0 oL SR -gondicliye bumos adare hopded e terminal pads, 20 uping known
bonding 10 tecqnnlques, efrectively mounlilllng Image sensor chip 8 Withi package s efi 2%and
providing electgiddlioompentmn wiridiage Iserxsoveokip didid Saddenqeads botthmougl ceerguctive lines or
traces 30 (FIG, 4). Next. BIG. 5E shows encapsulant 32 deposited withi tur, ver a
central portionpgf){ﬁg%giae@u?fgégﬁco Vpe;'asc %%é) Z efa?lcgl% rﬁlpﬁﬁ% re\rﬁz’a rgé%sggigﬁtwd%% owgrned onto the
top of encapsurdit 3R,ama dyretaivealiynips Sguee bed datote certactaljthdoposunifackndyvashilodingted in FIG.
5G. As can be seen in_ Fl G, when transparent lid 8 is squeezed into_place, it fpr ncapsulant
32 hrougl oo e B R B B R o
bottom-side cawityidéepattialy @moasedh efsitegtufonvhge Isetvsarn déipdB. 1 EHrapglilant 32 is also
forced out aroun - of t id 8.t her hold i in pl rface 4.
Encapsulant 3 0gdt Czlns %ﬁg\?\?e(g t{(l?Cl %%E’r)g Egﬁlr@ﬁ%'ggggﬁg@n' %t%\%%%%%@%%ﬁ%ﬁ%%é%l%gy be set
using UV radiatishinthpeniak 6heschivalrer stifeal 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



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 a low-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 agtions taken in FIG. 5E, 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 surfacdid &f pdcicahe $helb? ehdbps8uTH ZhawsdbieeprapaeBbrisitinehepsasaddara period of time
to allow encapsulant 32 to .flow int Fott -s%%e cavity 16 by capillary action prior to the placement of
ransparent & Hi B ERST S B R AG it SR R AR A ment o
transparent lid 8 depiEted éntdihthi fi-dsdconagctensir theisampl mannercagsbkioreyérahesetaimgigh-end
image sensor devices. pacd encapshiant auer e sensing. eliewilty may. inerigre wil optimal image
sensing. Further,In {fe Casa GF éxtreme B environmental condiions, or for image sensors that are
particularly sersitiventoentdistundifitins, abbvdueidegersbesbendapstd gat@mdnbesassitineay not offer
sufficient p“’t?n%%‘g url%cglgigﬁotvoe@ %éib%&‘@&%%&?ﬁ%“ﬁ%‘aﬁHelg?gsl‘?condn%f}“é%'gr}‘f%?%?d‘m.e”t of the
present invention that addresses these issues is illustrated: . 6 shows a sectional side view of an
image sensor pegkeigenl Twhengito I Gackagd Shahdigipidiabricated extmpbngpareodiligestin place. A
depression or {)g(%ﬁessr%%n %gneiig%rmgpai d%g L SU ﬁgggiglsgé lsclﬁa%(?a%gsll 2 to seat transparent lid 8. If
transparent lid 8 Is 2 g?ass or ceramic material, it may be Integra R/ ormed with the presently preferred

ceramic material of pat&kagelsivedl 2sdcimgastleraimave dirmnyi prasessisortpscapgrddohherevides a unitary

component with a hermeticall led t urface 4, 15 Vari dhesives may also be used to attach
ransparant I EacLae L ay S Bttt R SO SeR S

signifigantly in@mm@mfm@gémmaumagé eép&c}mghiph@ﬂ iststma;htmnﬁp@mot@'ab&a@é shell. 2 by
fip-chip bondlg,of cenhiets bumas:¢4 and erminalparis APnoHh e APARSHAT: MAjgyial s not

deposited within aperture 6 to cover active surface e to optic
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. Castellated 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



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. Castellated solder
pads 10 have the same configuration as those of the first embodiment and are similarly electrically
connected to the 25 interconnect bonds via conductivg 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 coxaethid wideésn3granobackdiofonagensaehsobabipn&aBdokind capetCumtaaated on a

peripheral ledge. surface 42 formed i tom surface 14 of. pagkage shell 2 30 around th riphery of
bottom-side cg’\%@ ébe P&%rggtc?ro?%%%%%%troﬁ%? g eé‘%?\;é%%ﬁa %e'ria 4%%’%/1%?8%0&} % eo%ggacking
cap 40 in placé@ntliagusticaltychgal §)eodpassem bign®onidrasgiomommeinken 4Geihdoioabd on backing
cap 40 and makes contact with the perimeter of back 36 of jmage sensor chip 18. roviding force
o the back 38 BP0l TR R L R B S B R e
integrity of thednderddnaevtioonddieteedndonguetivid budipsagd sndolerhiinbd pads 26Hslahnd adds a
cushion betwelenn tgggtlfion ‘():v?[ r40n?an% imﬁal e sensor qhips %%.T(i}igdi%heg%%gnf'n fitHgél?ns where image
sensor package TS sunbjec ed 10 rﬁegﬁanlcgfisho%? or Vibration conarions that would otherwise
damage the intebcammectiobndndnittiiespnddeariheexerm glany entftothiterentineontpreb siornhmemaksit 46 is a
soft gold trace formed on backing cap 40; however, gther materials having similar compressive and
Sealing properea B e P B
depicted as conpe@lingwehethethbarimétenbihacke3tnol imagepsenssar ahipck8ngthepatiengements
such as ¢gnfiguri mpressien, member 46 ntact the entire back 36 _are ssi(?l . FIGS. 7A
through T Sho RNy L T et e B R Rl ot
invention. FIG a¥ foshovwsgenimtgepsansoerchlipad8 Bavihgnpixeled enidrgldidsesh2? on active surface

20, and FIG. 76, hows e {oAmaten ALalk &5 AR HASHkAa s e BIRS A4 hsiaqn oetrecting

gold-gold interconn
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 1’ 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



bonding as in the first image sensor package 1' 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 connetitondbiciivagesandcticikithdd dorsd iddrepads chll yHvoudybackinductjvéO lines or traces 30

(FIG. 6). The assembly, is now read be,sealed with backing cap_ 40. FIG. 7E sho acking cap 40
with compresﬁgﬁlgrﬁg%%ég%sfg?%gdi :ierlr%%lﬁ.q(eﬁoﬁ)l@?sﬁo,na ea 614 é)ﬁg%/ngrtoﬁﬁ\)earc\g&ge%gve material

44 is dispensethapeuedsirechperiteleragé backinghipp $13. IBacking ity ped R dsvithim pregsectiste contact

with 30 periphera| ledgg, surface 42 and c ressign member 46 is deformghly compressed by the
pack 36 of imee Stey SHET S BTG B S T i AR, o1 0- other adnosive
material 43 is then cutad it ernthéati dadlycdopad faheking aapndOrtoop éripkeralledgecsuciaaec42 and hold

compression member 46 against.the bagk 36 of ‘Hfé‘ ére@és%%gh%%n -cJHfi‘r%%ﬁrt?%%?%siQ{‘Eel,S Is
hermetically sealed within image sensor package I", which is Tnow ready for attachment to Carrier
substrate 100.véhitrisigilso thdthimtthassbpedfithegpresent invkagon'thatpaertdianaspectsl ptlone of the

described embodiments be used n the.olher describrd smbediment, FaL InSiange WigRAIsing the
first embodiment image ‘Sensor pacf<age as par of an assemsbly that Wil be su%Jec ed to extreme
environmentalseahtitigascitsogyableadediraide thougthe desaldnagesenbghpackaygest' seuemghough it

does not,gpntajn, 2 DIgPrend mage ﬁe‘?r}ﬁg‘ﬁg %IS Q&XF%eTsQeéﬁﬁﬁée R RARIRY £AR.AQ,0f dhe, sgcond
embodiment image sensor package 1 g(h be mcfude int eniilrst embodintent image sensor
package 1'in drdengbt h@ﬂh@ph@thmaﬁcatﬁlywabd@niﬂuit}eagﬁmmhmnkqgﬁitanandcnmpression
e 40 SRS SR L RS IR R e
provide 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.



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 packageAidMSnvention has utility for the packaging of
numerous typ l(l):It(itg)tiE{'illljlgl(%(iplise,ractive microelectronic devices. The 25 scope of the present invention
is, therefore, in ichted y 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- CLA{MS V\KInagliésc{:rIgrilrin%cfi“i]%el. aéﬂaelegtrrtlnlnirclzsgne\/ice package comprising: 5 a
package shell having a top surface, and an op smgggoﬁor% suréice; an aperture located in the top
surface ofthe packkage shell;hahoptanvpidefeesitntbeatgrpositireboationsstiatace of the package shell
and in commuarglicatchﬂr\év'it(pcglged? 1F?r}%u&)e H} a%%tg%rgﬁgida%lgg\gt%h@ying an outside perimeter that is
larger than an outdide perimeter of the gper]iure {0 form & ca%nty i "top surface in the bottom-side
cavity; at leastadm@ttennsidalcpadypositiothedtbe thearavityfsop slttiaparkagophichlipinteractive
microelectronic devicgomou%g%.\évrilthiﬂﬁi}gebgttgtr@résiﬂl% %a}/ti(t)}(n_%{l ] in elecirical communication with the
at least one terminal pa‘é‘fri e op |caWy interactive icroelectronic device avn%g an active surface at
least partially 15 exppsaditieotgh thergperharearadvendp peem didrogVibangdierape fiure anavalleast a
portio_n o{é_he top su_r(% e ﬁ)rffyggi rpel%@&go%hgﬁeaég%%%t one solder pad configured for electrical
coupling with a carrier Substrate on at

at least one terminal pad positioned on the cavity top surface;

an optically interactive microelectronic device mounted within the bottom-side cavity
and in electrical communication with the at least one terminal pad, the optically
interactive microelectronic device having an active surface at least partially
15 exposed through the aperture;
a transparent lid covering the aperture and at least a portion of the top surface of the
package shell,
at least one solder pad configured for electrical coupling with a carrier substrate on at
least the bottom surface of the package shell and outside of the bottom-side
20 cavity, and in electrical communication with the at least one terminal pad, the at
least one solder pad configured for mechanical attachment of the electronic

device package to a carrier substrate.

2. The electronic device package of claim 1, wherein the optically

25  interactive microelectronic device comprises an image sensor chip.

3. The electronic device package of claim 1, further comprising:
a transparent encapsulant material in contact with and covering the active surface of the
optically interactive microelectronic device and filling the aperture located in

30 the top surface of the package shell.



least the bottom surface of the package shell and outside of the bottom-side 20 cavity, and in electrical
communication with the at least one terminal pad, the at least one solder pad configured for
mechanical attachment of the electronic device package to a carrier substrate. 2. The electronic
device package of claim 1, wherein the optically 25 interactive microelectronic device comprises an
image sensor chip. 3. The electronic device package Pj claim 1, further comprising: a transparent
encapsulant material in contact with and covering the active surface of the optically interactive
microelectronic device and filling the aperture located in 30 the top surface of the package shell. -12-

4. The electronic deviﬁge paci(ﬁlge of claim d’3 Whereéilg the f)gficall in eracti\(ﬁ m]ip(%{o‘ﬁlectronic device
[

. & glectronic device package of Clai wherein .the L.
has a plurality of side Surfaces, 810 A EAST oReige SSuttace of the pﬁuréll y ot'side Surfaces is in

contact with anctatteastpanielkycoousrddvidlyathe ghanspacdni énoapswiannhatériat. meTihde electronic

device package gf claim 4, wherein the. optically interactive microelectronic device has a back surface
ot s oo B e O S e T

The electdnictdethic e paphage aicipsniad wheneah 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. 15 7.
The electronic deviceSpackatbeafl etaionit, dehiesgiadiretrahshareht Widscisehtagpicdlgepression

located in the to esa%{face of th eg{;r\chﬁg e\s/lhctglli SS.aTbhat-%-igels%%aogl evice ac&a%u% Ctlﬁém 1, wherein

the transparen]tnll IS 158‘3#{8%9@ portion of the package shell. SrhePelectronicdevice package of
claim 1, wheréotthertsarisparénbéigaskinmraheticalhinahdbdttortha gackage shell with an adhesive
material.

10

6. The electronic device package of claim 3, 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.

15
7. The electronic device package of claim 1, wherein the transparent lid is

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

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

20  an integral portion of the package shell.

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

hermetically bonded to the package shell with an adhesive material.

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

comprises ceramic.

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

comprises glass.

30



25 10. The electronic device package of claim 1, wherein the package shell comprises ceramic. 11.
The electronic device package of claim 1, wherein the transparent lid comprises glass. 30 -13- 12. An
electronic device package comprising: a package shell having a top surface and an opposing bottom
surface; an aperture located in the top surface of the package shell; 5 a bottom-side cavity located in
the bottom surface of the package shell and in communication with the aperture, the bottom-side
cavity having an outside perimeter that is larger than an outside perimeter of the aperture to form a
cavity top surface in the bottom-side cavity; at least one terminal pad positioned on the cavity top
surface; 10 an opticali)é intergctgf[eC r(;crg gc’ggni% ae\éi((::e rrrpounted within the bottom-side cavity and
in electrical communication With the at least one a[‘ernﬁnaszf(ljl,S%H%'opti(:ally interactive microelectronic
device having apaaktige suildce aigleasp parfiatyarekposppotingugittdine sapkaerre, and wherein the
optically interacti\e/le I uiger gclgt%t(ﬁqni&lg?gicse }%aEQ,OLﬂLed \e/lvcif(rzllinetg%ﬁpttom-side cavity by a bond 15
between the af'le45t one termina pad p%sﬁlone on the cav%[y op surface and at least one conductive
element pbsitiartedtan-tdeactivey sorftatioftbadopdicadly fanterf ditvpackiepoalediranicevice; a
transparent lid covering the aperture at least a portion. of the top surface.of the age shell; and
20 at least one solde(r:%gal%lr% |tglarrlevﬁ%?}é éigt?{%cl%ﬁeéé%eplﬁ}#éov%ﬁ% c%?’# r%sadﬁ%g?eoclﬁl%% least the
bottom surface and grenutsidetisirfate g therpackageds pelliaetcvofsiteasitine boftom-sideitavity, and
in electrical communicationrwith mﬁe téﬁ%st_g%% Cterminal pad. 25 13. The electronic device package

e

. : 1y, .. :
of claim 12, wherein ttﬁg at least one conductive element is a conductive bump, and the at least one

terminal pad anid¢hg abe terminal pad positioned on the cavity top surface;

10 an optically interactive microelectronic device mounted within the bottom-side cavity
and in electrical communication with the at least one terminal pad, the optically
interactive microelectronic device having an active surface at least partially
exposed through the aperture, and wherein the optically interactive
microelectronic device is mounted within the bottom-side cavity by a bond

15 between the at least one terminal pad positioned on the cavity top surface and at
least one conductive element positioned on the active surface of the optically
interactive microelectronic device;

a transparent lid covering the aperture and at least a portion of the top surface of the
package shell; and

20  at least one solder pad configured for electrical coupling with a carrier substrate on at
least the bottom surface and an outside surface of the package shell and outside
of the bottom-side cavity, and in electrical communication with the at least one

terminal pad.

25 13. The electronic device package of claim 12, wherein the at least one
conductive element is a conductive bump, and the at least one terminal pad and the at

least one conductive bump comprise gold.



least one conductive bump comprise gold. -14- 14. An electronic device package comprising: a
package shell having a top surface and an opposing bottom surface; an aperture located in the top
surface of the package shell; 5 a bottom-side cavity located in the bottom surface of the package shell
and in communication with the aperture, the bottom-side cavity having an outside perimeter that is
larger than an outside perimeter of the aperture to fqrm a cavity top surface in the bottom-side cavity;
at least one terminal pad positioned on the cavity top surface; 10 an optically interactive
microelectronic device mounted within the bottom-side cavity and in electrical communication with the
at least one terminal E)(?d thg ogt%c Il%iin&eractivgcwicroelectr.onic,device having an active surface at

least partially expose 'througIh (e:ralpecrtu%l;cg Pran:sié%rceoﬁltllffdsé%ering the aperture and at least a

portion of the topasldgcehofl thevidd pagkagéasheliianleppbong batder pathconfigured for electrical
coupling with a carrier supstrgt(ﬁoq at_least the bg&?m rface, of the package shell and outside of the
ture. ed 1n c

S
bottom-side cgl\lli?ﬁe and in etec rlcalil%(t)orﬂrsnulfna}ggt?on WA aég%flfggSt one terminal pad; a ledge surface

extendingsa depbhtioto-tdeaitoml surtat erohtlie packagtshefl theopautia 20 dindl attom-side cavity; and

a backing cap mounted to the leifjo%e WsEqrf %eaagg covgg% &Qren pcl)étom-sgd? cavity. 1($utTHg electronic
IS e

i t :
device package of claim 12 ,n\}\(/: erein the bac |rr1g§1 rceélp erme |C%I?€\§e‘é &d trthe ée surface with

an adhesive materialp@sni@eiTthetesdatgenith aeviceups dkpge mtciaihtid aperther ooioyprigingvigy
compression membe{ ossl,li%ggggn et & bac_killag cé';\‘ptand contacting a back surface of the optically
interactive microelectronic device. - 1 _ILt?mI'IS”le electrohic device package of claim 16, wherein the
compression at least one terminal pad positioned on the cavity top surface;

10 an optically interactive microelectronic device mounted within the bottom-side cavity
and in electrical communication with the at least one terminal pad, the optically
interactive microelectronic device having an active surface at least partially
exposed through the aperture;

a transparent lid covering the aperture and at least a portion of the top surface of the

15 package shell;

at least one solder pad configured for electrical coupling with a carrier substrate on at
least the bottom surface of the package shell and outside of the bottom-side
cavity, and in electrical communication with the at least one terminal pad;

a ledge surface extending a depth into the bottom surface of the package shell around

20 the bottom-side cavity; and

a backing cap mounted to the ledge surface and covering the bottom-side cavity.

15. The electronic device package of claim 14, wherein the backing cap is
hermetically sealed to the ledge surface with an adhesive material.
25
16. The electronic device package of claim 14, further comprising:
a compression member positioned on the backing cap and contacting a back surface of

the optically interactive microelectronic device.



member comprises a gold trace positioned on the backing cap. 5 18. The electronic device package of
claim 14, wherein the backing cap comprises ceramic. 19. An electronic device package comprising: a
package shell having an aperture located in a top surface thereof and a bottom-side 10 cavity located
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; a tqr{girjal pad positioned on the cavity top surface
and connected to a conductive trace; an optically interactive microelectronic device having a
conductive element bonded to 15 the terminal pad; a transparent encapsulant material filling the

aperture and encasin97at Ieaﬂa%%{tiono a IuraIE %fosfigﬁusr‘.rlljrlfgce of the optically interactive

. . . € c Nnjc device , wherein, the ¢o €8S10
microelectronic device; a transparen{cil coverlnBat%e perture an secured 1o t%enﬂ))p SUI’P&CG of the

package shellnmniher trtamgparsnt gridapsalpotimatedial tecdb2tkatgeapt one solder pad positioned on a
bottom surface of the package shell and connected to the conductive trace. 20. The electronic device
package of claim 19, wherein the optically interactive microelectronic device comprises an image
sensor chip. 25 21. AbhSelectiidnricldeviscecpickegpackagpridingim phckageshblt bavkngeanmperture
located in a togosrhjrfa%e Eré%rrenog and a bottom-side cavity located in a bottom surface thereof and in
communication with the aper%u're; 30 a cavity top surface extending inwardly from an edge of the
bottom-side cavity; a terminal pad positioned on the cavity top surface and connected to a conductive
trace; -16- an opticallw"nter?zgtiv? microel&actronic cLevice havinglgzconductive element bonded to the

. electronic device package compris
terminal pad; a transparent id" covering the ape?ture;g P

a package shell having an aperture located in a top surface thereof and a bottom-side
10 cavity located 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;
a terminal pad positioned on the cavity top surface and connected to a conductive trace;
an optically interactive microelectronic device having a conductive element bonded to
15 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;
a transparent lid covering the aperture and secured to the top surface of the package
shell by the transparent encapsulant material; and
20  at least one solder pad positioned on a bottom surface of the package shell and

connected to the conductive trace.

20.  The electronic device package of claim 19, wherein the optically
interactive microelectronic device comprises an image sensor chip.
25
21. An electronic device package comprising:

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

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

a terminal pad positioned on the cavity top surface and connected to a conductive trace;



a ledge surface extending a depth into the bottom surface of the package shell around 5 the
bottom-side cavity; a backing cap mounted to the ledge surface and covering the bottom-side cavity;
and a compression member positioned on the backing cap and contacting a back surface of the
optically interactive microelectronic device. 10 22. The electronic device package of claim 21, wherein
the optically interactive microelectronic device comprjses an image sensor chip. 23. An electronic
device package comprising: a package shell having a top surface and an opposing bottom surface; 15
an aperture locatepticatheitopr=uifaceiafotfiecpackadey shdibarpoitomesiciéve iy dncateddd the bottom
surface of the packaqg shell.agld in, communication with the aperture, the bottom-side cavity having an

outside perimeter tha ffst gflérér t?l%.dﬁ an outside perimeter of the aperture to form a cavity top surface

in the bottom-sideucauityn A atoleasi othe terrtinal pad positioned on the cavity top surface; an optically

interactive micrcie ctronic device c{nounéed itQin h%b&ttom-spe c v'tg and in eeci rical
. . ale ﬁe UI atCF exten 111% a eﬂtlavm 0, t ﬁ 0] mﬁllll‘ ace O tl} ac € Sphell aroun .
communication with the at least one ferminhal pad, the optically interactive microelectronic device

having anfactive surfaeebattieastipartiaily; exposed through the aperture, wherein the bottom surface of

the package shell 25 extends beyond the optically.interactive microglectronic device. a transparent lid
1% c%q n}l?%;toér € I%Hgtﬂgﬁace an%gggeg ﬁ?ﬁeebo[gom 51% (e(iﬁvg%d antﬂl

covering the aperture and at least a portion op su e package's at least one

solder pad cordfigurgdefsre eotridalrqmsplimgedvith e hadkemgulastraid ntattieastttind bottoce stirface of
the package shell an Ouﬁ}d f)f.ti‘{e bo[ttom-side BQ cavitg and in electrical communication with the at
€0 %%yﬁtneac lectronic deé

. %ve miCcroe VICE. .. . .
least one terminal pad. - n electronic device package comprising: a package shell having a top

surface and an opposing bottom surface; an aperture located in the top surface of the package shell;
5 a bottopyside cavityjocatedq, in fhg BRitom 3urfacs of e Aackage ShELAAdpically

interactive microelectronic device comprises an image sensor chip.

23. An electronic device package comprising:
a package shell having a top surface and an opposing bottom surface;
15  an aperture located in the top surface of the package shell;

a bottom-side cavity located in the bottom surface of the package shell and in
communication with the aperture, the bottom-side cavity having an outside
perimeter that is larger than an outside perimeter of the aperture to form a cavity
top surface in the bottom-side cavity;

20  at least one terminal pad positioned on the cavity top surface;

an optically interactive microelectronic device mounted within the bottom-side cavity
and in electrical communication with the at least one terminal pad, the optically
interactive microelectronic device having an active surface at least partially
exposed through the aperture, wherein the bottom surface of the package shell

25 extends beyond the optically interactive microelectronic device;

a transparent lid covering the aperture and at least a portion of the top surface of the
package shell; and

at least one solder pad configured for electrical coupling with a carrier substrate on at
least the bottom surface of the package shell and outside of the bottom-side

30 cavity, and in electrical communication with the at least one terminal pad.



communication with the aperture, the bottom-side cavity having an outside perimeter that is larger
than an outside perimeter of the aperture to form a cavity top surface in the bottom-side cavity; at
least one terminal pad positioned on the cavity top surface; 10 an optically interactive microelectronic
device mounted within the bottom-side cavity and in electrical communication with the at least one
terminal pad, the optically interactive microelectronic device having an active surface at least partially
exposed through the aperture, wherein the optically interactive microelectronic device is contained
entirely within the bottom-side cavity; 15 a transparent lid covering the aperture and at least a portion
of the top surface of £ package ﬁhell; ad;d.at Ieait one solderrpad configured for electrical coupling
with a carrier substraté on at*leaSt the bottor surface of {ngbséc%(”age shell and outside of the
bottom-side cavyitgkagdsinel|batiicahcopvafaccaticiawithiibeat beastone fiereminal pad. 20

an aperture located in the top surface of the package shell;

5 abottom-side cavity located in the bottom surface of the package shell and in
communication with the aperture, the bottom-side cavity having an outside
perimeter that is larger than an outside perimeter of the aperture to form a cavity
top surface in the bottom-side cavity;

at least one terminal pad positioned on the cavity top surface;

10 an optically interactive microelectronic device mounted within the bottom-side cavity
and in electrical communication with the at least one terminal pad, the optically
interactive microelectronic device having an active surface at least partially
exposed through the aperture, wherein the optically interactive microelectronic
device is contained entirely within the bottom-side cavity;

15  atransparent lid covering the aperture and at least a portion of the top surface of the
package shell; and

at least one solder pad configured for electrical coupling with a carrier substrate on at
least the bottom surface of the package shell and outside of the bottom-side

cavity, and in electrical communication with the at least one terminal pad.
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