SEMICONDUCTOR DEVICE WITH OPTICAL SENSOR AND METHOD OF FORMING INTERCONNECT
STRUCTURE ON FRONT AND BACKSIDE OF THE DEVICE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
with an optical sensor and method of forming an interconnect structure on the front and back sides of the
device. Background of the Invention Semiconductor devices are found in many products in the
fields of entertainment, communications, networks, computers, and household markets. Semiconductor
devices are also found |81rlnllltar¥i aviation, automotive, industrial controllers, and offlce egu%ment The

semiconductstY&HEEY) 1PT G ORI A R C S OB AN MIETHOR Q5 ications.
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semiconductor die contalns hundreds or thousands of transistors and other active and passive devices
performing a variety of

Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a
semiconductor device with an optical sensor and method of
forming an interconnect structure on the front and back sides

of the device.

Background of the Invention

Semiconductor devices are found in many products in
the fields of entertainment, communications, networks,
computers, and household markets. Semiconductor devices are
also found in military, aviation, automotive, industrial
controllers, and office equipment. The semiconductor devices
perform a variety of electrical functions necessary for each of
these applications.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each
semiconductor die contains hundreds or thousands of transistors

and other active and passive devices performing a variety of



electrical functions. For a given wafer, each die from the wafer typically performs the same electrical
function. Front-end manufacturing generally refers to formation of the semiconductor devices on the
wafer. The finished wafer has an active side containing the transistors and other active and passive
components. Back-end manufacturing refers to cutting or singulating the finished wafer into the individual
die and then packaging the die for structural support and environmental isolation. One goal of

semicond kG TGty s 16 Produde®d packagesuitdbté for faster, habler Shalée and
higher-dengity dategiaied gircyitsdEy attowercost drhip chip pagkages arumvafer iavel chipsscale packages
(WLCSP) are ideally suited for ICs demanding high speed, high density, and greater pin count. Flip chip
style pack&gifg VBN &S othtifg 3 aétive'SidE of e dieFace oW oWar a'dHip carrier substrate or
printed cireutrbeard{PER)r The-electdcal andhpechanieal inteieonnect batweertheracdiive devices on the
die and conduction tracks on the carrier substrate is achieved throuygh a solder bump structure comprising
a large nufiber 8F cSAdUctve Sofdet Blithps 6r bAIR" Tha ofderBlimSs A& fofmed by & Fétlow process
applied to seldet materaldeposited onromtact padsavhich ater dispgsed darthe semicanductor substrate.
The solder bumps are then sohq%redfto the cagierasybstrate. The flip chi(ﬁ)iglieiraicorfd%%tgr g%%kage

provides a‘short eléctrical cohduction lpré%ﬁﬁ%m the aec]fivéndte(\jlic%}%eonltrﬁe &0 the Carrief substrate in

order to reduee signak propagatior, lower tapacitancet and Achigve@veralhbettercincaitrpenformhance.
In many agpslié:fggnisdnit is desirable to stack WICSPs. Appropriate electrical interconnect must be
provided for complete device integration. The electrical interconnect has been achieved by drilling
through silicon vias (TSVhin thesllicoh areaof theldiebwheresthe fk8\ wiayniaterferé ithractivescircuitry.

Some semicnghielois aaye aplcal senagus na cenualacive auga of e die, The opigalsensors

convert light energy to electrical signals. The electrical signals are routed through the semiconductor die
to the die iAaredmmect stragtlré SThe dptical 'sendadrs)imposeé witlitioras Space’ éamstrdiits on the

interconnegt structute as RDLS, which are typically. used for_interconnegt rergufing, cannet pass through

the glass or light-receiving side of the die. Hence, it is difficult to achieve optimal wafer level integration
and intercéiridct forisemiebRdGGBR AR ITEViIAG Bpticat Sefisordlgh density, and greater

pin count. Flip chip style packaging involves mounting the
active side of the die face down toward a chip carrier
substrate or printed circuit board (PCB). The electrical and
mechanical interconnect between the active devices on the die
and conduction tracks on the carrier substrate is achieved
through a solder bump structure comprising a large number of
conductive solder bumps or balls. The solder bumps are formed
by a reflow process applied to solder material deposited on
contact pads which are disposed on the semiconductor substrate.
The solder bumps are then soldered to the carrier substrate.
The flip chip semiconductor package provides a short electrical
conduction path from the active devices on the die to the
carrier substrate in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.

In many applications, it is desirable to stack
WLCSPs. Appropriate electrical interconnect must be provided

for complete device integration. The electrical interconnect



Summary of the Invention In one embodiment, the present invention is a semiconductor device
comprising a carrier and a semiconductor die having an optically active region. The semiconductor die is
mounted to the carrier such that there is a separation between the carrier and the semiconductor die. The
semiconductor device further includes a passivation layer disposed over a surface of the semiconductor
die and a %FIJ%%S layer disposed over a surface of the passivation layer. The passivation layer has a clear

portion for ASsRGE bf fgHHE ¥RE optically dctivBFefiohBithe Semicotuuttdttid TFe sémidomductor
device furtben eemprises an encapsulantdispesed ever thewcardgr withis e separatinn 4e farmean
expansion region around a periphery of the semiconductor die, a first via penetrating the expansion
region, gla%ﬁé‘%]r,tﬁﬁfd passivation Layer, a second via penetrating the glass layer and passivation layer
to expose a contact padgnthessemiconduciondied apdascandystve matedalfdling the first via and filling
the second via. In another embodiment, the present invention is a semiconductor device
comprising & 'tafrier ad a Semicontue ort(rﬁg h%%an an Opticany Ja%ﬁ@e FEQI8R T Theé S8Midonductor die is
mounted ta the caksies syeh thatdheretis acsapasatior betweerhheccasrerrdnch thessemicbaductor die. The
semiconductor devi%efa;uor'g]eg cgméorgsg%fl %a}ls(fivagigp Ig}ieer dti(sjp%sheéj over ai%ucréace of the semiconductor

. routed rconnec
die and a glass ?ayer |spo%ed over A'surface of the passivation Iayer.dI'Jhe passwa%onrfayer has a clear

portion for passage otlightto¢he pptically activeaegionngfdke sencanductor dieaHwe semiconductor

device further, comptises adiistaondugtivg viapenatraling fraugh the diase ayer,and the assivation
Iayer to contact a contact pad on the semiconductor dle, and an encapsu ant dlspose over the carrier
within the $eparation Yo foraran expamdien ¢egion @rounsd thetsermicondactor digass thrdmahother

embodimepy, the present inventiop is. a seryegnductor.deyice gamprising aycartier apd a gemiconductor

die mounted to the carrier. The’semiconductor die has an optically active region. The semiconductor
device furthef Eamptises a passivatien faertisposetiover #ve sermitonduetor die. amé passivation layer

has a cleat portion far, passage; of light to.the ontically active regign of the semicondugtor die. The

semiconductor device further comprises an encapsulant disposed over the carrier within the separation to
form an expansion region around the semiconductor die, and a first conductive via through the expansion

region. In another embodiment,facaPRESE R NENHRR S $emiconductor device comprising a
semiconductor die having an

In one embodiment, the present invention is a
semiconductor device comprising a carrier and a semiconductor
die having an optically active region. The semiconductor die
is mounted to the carrier such that there is a separation
between the carrier and the semiconductor die. The
semiconductor device further includes a passivation layer
disposed over a surface of the semiconductor die and a glass
layer disposed over a surface of the passivation layer. The
passivation layer has a clear portion for passage of light to
the optically active region of the semiconductor die. The
semiconductor device further comprises an encapsulant disposed
over the carrier within the separation to form an expansion
region around a periphery of the semiconductor die, a first via
penetrating the expansion region, glass layer, and passivation

layer, a second via penetrating the glass layer and passivation



optically active region which converts light to an electrical signal, and a passivation layer formed over the
semiconductor die. The passivation layer allows for passage of light to the optically active region of the
semiconductor die. The semiconductor device further comprises an interconnect structure providing
electrical connection between a contact pad of the semiconductor die and front and back sides of the
semiconductor package. Brief Description of the Drawings FIG. 1 is a flip chip semiconductor

device with 88ffer banfpenetidihg eREichl intstcBAndcthetvBer ANHLLV8aréd 6f tiRdiedand a chip
carrier subsyatrict ive mdiesida-2biillustraje glasstwafer ovedying gleas passiyatiom, which in turn
overlies image sensor wafer; FIGs. 3a-3c illustrate forming an extension region around
periphery 6FS&HiCoNiddctor die: FIGs. 4a-4d illustrate an alternate formation of the extension

region around peripherymof semieorductoicdi€iment, the present invention is a
semiconductor device comprising a carrier and a semiconductor
die having an optically active region. The semiconductor die
is mounted to the carrier such that there is a separation
between the carrier and the semiconductor die. The
semiconductor device further comprises a passivation layer
disposed over a surface of the semiconductor die and a glass
layer disposed over a surface of the passivation layer. The
passivation layer has a clear portion for passage of light to
the optically active region of the semiconductor die. The
semiconductor device further comprises a first conductive via
penetrating through the glass layer and the passivation layer
to contact a contact pad on the semiconductor die, and an
encapsulant disposed over the carrier within the separation to
form an expansion region around the semiconductor die.

In another embodiment, the present invention is a
semiconductor device comprising a carrier and a semiconductor
die mounted to the carrier. The semiconductor die has an
optically active region. The semiconductor device further
comprises a passivation layer disposed over the semiconductor
die. The passivation layer has a clear portion for passage of
light to the optically active region of the semiconductor die.
The semiconductor device further comprises an encapsulant
disposed over the carrier within the separation to form an
expansion region around the semiconductor die, and a first
conductive via through the expansion region.

In another embodiment, the present invention is a

semiconductor device comprising a semiconductor die having an



FIGs. 5a-5d illustrate forming half-via and full-via THVs through die extension region electrically
connected to RDLs; FIG. 6 illustrates a semiconductor package with THVs formed through die
extension region, clear passivation layer, and glass layer and electrically connected to RDLS;

FIG. 7 illustrates another semiconductor package with THVs formed through die extension region, clear

passivation Layer, and glass layer and electrically connected to RDLs; FIG. 8 illustrates another
semicondRROT ARG et TRVETErHABd thibGEh e RtehSioh réiont Rk pas&ivatian dayer, and

glass layersane gectrically £oppeetedde RIALS;ayer fdfeed ibusiiates a seaniceroutierpackage with
THVs formed throui%h die extension region and electrlcally connected to RDLs and solder bumps;
e passivation layer allows "for passage of light to the
optically active region of the semiconductor die. The
semiconductor device further comprises an interconnect
structure providing electrical connection between a contact pad

of the semiconductor die and front and back sides of the

semiconductor package.
Brief Description of the Drawings

FIG. 1 is a flip chip semiconductor device with
solder bumps providing electrical interconnect between an
active area of the die and a chip carrier substrate;

FIGs. 2a-2b illustrate glass wafer overlying clear
passivation, which in turn overlies image sensor wafer;

FIGs. 3a-3c illustrate forming an extension region
around periphery of semiconductor die;

FIGs. 4a-4d illustrate an alternate formation of the
extension region around periphery of semiconductor die;

FIGs. 5a-5d illustrate forming half-via and full-via
THVs through die extension region electrically connected to
RDLs;

FIG. 6 illustrates a semiconductor package with THVs
formed through die extension region, clear passivation layer,
and glass layer and electrically connected to RDLs;

FIG. 7 illustrates another semiconductor package with
THVs formed through die extension region, clear passivation
layer, and glass layer and electrically connected to RDLs;

FIG. 8 illustrates another semiconductor package with

THVs formed through die extension region, clear passivation



FIG. 10 illustrates a semiconductor package with ISVs and THVs formed through semiconductor die,
clear passivation Layer, and glass layer and electrically connected to RDLS; FIG. 11 illustrates a
semiconductor package with THVs formed through die extension region and electrically connected to
RDLs; FIG. 12 illustrates a semiconductor package with THVs formed through die extension
region and clear passivation layer and electrically connected to RDLS; FIG. 13 illustrates another

semicondu@dEpackdye Wit FRIVETSRhed throtigh die exehsibnTeEm A clear pRssivation layer and
electrically connected torRBLsy 111 uskkatésillustiates assermiconaugior paekage: with Tirlks formed

through die extension region and electrically connected to RDLS, with an area devoid of passivation
between cledr PalsivAfion Hyefs Gnd iaesiayer Gy, 2nd CERSHE figstdieS A 8&Ricohductor
package with aerkeachtensassembblyirang; FIG. 16 illustrates a semiconductor package with
Oveﬁeadlensassembh%IG. 10 illustrates a semiconductor package with TSVs
and THVs formed through semiconductor die, clear passivation
layer, and glass layer and electrically connected to RDLs;

FIG. 11 illustrates a semiconductor package with THVs
formed through die extension region and electrically connected
to RDLs;

FIG. 12 illustrates a semiconductor package with THVs
formed through die extension region and clear passivation layer
and electrically connected to RDLs;

FIG. 13 illustrates another semiconductor package
with THVs formed through die extension region and clear
passivation layer and electrically connected to RDLs;

FIG. 14 illustrates a semiconductor package with THVs
formed through die extension region and electrically connected
to RDLs, with an area devoid of passivation between clear
passivation layers and glass layer overlay;

FIG. 15 illustrates a semiconductor package with
overhead lens assembly; and

FIG. 16 illustrates a semiconductor package with

overhead lens assembly.

Detailed Description of the Drawings

The present invention is described in one or more
embodiments in the following description with reference to the
Figures, in which like numerals represent the same or similar

elements. While the invention is described in terms of the



Detailed Description of the Drawings The present invention is described in one or more
embodiments in the following description with reference to the Figures, in which like numerals represent
the same or similar elements. While the invention is described in terms of the best mode for achieving
the invention's objectives, it will be appreciated by those skilled in the art that it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and scope of the invention

as defined3Pthe™stientiell dsmsSand theihEquivaIERts R supportea By theolldwing diciBSure and
drawings. apprecThedaamifaetuse of semicondueior gieyicesinvalwes formaton of anwafer having a
plurality of die. Each die contains hundreds or thousands of transistors and other active and passive

devices perfOffiing o o Aloréetectficdl HinGiionsC Bor aYiverWhfer2e&&H ierom e Wafer typically

performs the same:=eleqtrical functien.doront-end maarudagtariog generally-refers o fermation of the
semiconductor de\;gc s on the wafer. The finished wafer has an active side containing the transistors and
ss

other activeant §assive CoIMpoREa Back:eRd Faflitdcturing refefs to 8dttiRg or ¥fhgulating the finished
wafer into thepindividusal idje ane then packaging thecdie far structdral seppory @and/or environmental

isolation. A sem'ﬁ)nductor%/vafgr genergll)é includes an @ctive surface havig%femiconductor
) ) e ﬂanﬁ ﬁg e lec ndﬂ$ o) dev1c%f %n Yes ..
devices disposed thereon, and a backside surface tormed with bulk semiconductor material, e.g., silicon.

The activefsidesurface cdntaingd plurality of gemicondueior e cthelaetive srtacedsdormed by a

variety of semiponAuCtnL Ripeesses, Ineluding Jayering: pefigning. daping, and eat regimept In the
Iayerlng process, semicon uctor materials are grown or eposﬂed on the substrate Ey tec niques
involving thernal axidationd aitridatone ehémital vapondeposition; @vaperationcand sputtering.

Photolithography inyalves the, maskjng of areas.of the surfage angefghing away:undesired material to

form specific
typically performs the same electrical function. Front-end

manufacturing generally refers to formation of the
semiconductor devices on the wafer. The finished wafer has an
active side containing the transistors and other active and
passive components. Back-end manufacturing refers to cutting
or singulating the finished wafer into the individual die and
then packaging the die for structural support and/or
environmental isolation.

A semiconductor wafer generally includes an active
surface having semiconductor devices disposed thereon, and a
backside surface formed with bulk semiconductor material, e.g.,
silicon. The active side surface contains a plurality of
semiconductor die. The active surface is formed by a variety
of semiconductor processes, including layering, patterning,
doping, and heat treatment. In the layering process,
semiconductor materials are grown or deposited on the substrate
by techniques involving thermal oxidation, nitridation,
chemical vapor deposition, evaporation, and sputtering.
Photolithography involves the masking of areas of the surface

and etching away undesired material to form specific



structures. The doping process injects concentrations of dopant material by thermal diffusion or ion
implantation. Flip chip semiconductor packages and wafer level packages (WLP) are commonly
used with integrated circuits (ICs) demanding high speed, high density, and greater pin count. Flip chip
style semiconductor device 10 Involves mounting an active area 12 of die 14 face down toward a chip
carrier substrate or printed circuit board (PCB) 16, as shown in FIG. 1. Active area 12 contains active and
passive de¥idesS EBRGictive1afersCBAd diste&HE fetd AECoing fotha Wiédticaesign of the die.
Analog cirewissmayhereeated by thercambination of,ene Or srore passiveidavice fosmed within active
area 12 and electrically Interconnected. For example, an analog circuit may Include one or more Inductor,
capacitor and resistor forrhed Withi® atfive SRS "ie BREHRAT Snd Nediahidal Mitdfcbnnect is
achieved theatighioa soldrer. bymgprstruetuies20 gompesing i large, bumbet oflindividual conductive solder
bumps or balls 22, The %fldar bumps ar formeo?l on bump pac(ijs or Interconnect sites 24, which are
disposed S RARE AR T et b patd 24 EHhet to e adlive tirchitd by coRtiiétion tracks in
active area 12pThe spldet bumps22 areelectricallyi and ceechanicaly connectedrio contact pads or
Interconneg(t}gi{%sezggnacaf 'erO bﬁrat QIGP a S%Ig%r fegl% Egcgs%h'l'ihe fligrchjp lgemiconductor
device provides a shiort elecfrical conduction paciﬁ ffom the active dévices 6n die 14 to conduction tracks
on carrier sulisttate 16 inworgeritotreduce signat propagatid@ddwet capacitasiceyand achieve overall

better C.II’CliIt peg%q:rqq\]necearea & g I?xllg?%%gﬁysstraatecsi%% image egséolrvseerg{l(e:onid(%cstor wafer 34 containing
a plurality of semiconductor die 36. Wafer 34 can be silicon or gallium arsenide f aAs). The

semicondmmddie@@relf@med onasednid_éﬁdmberfelmeugingconv@h’timat :mtégrated circuit _
processes, as desaribed abave, Fach samicqnductordie 36, contains electrnic gircyits and an optical

sensor or optically sensitive region or optically active region'to sense light and convert the light energy to
electrical sighdl® fordankengrotessing by the @lectoric Birclitry ondhe die Theralectric idirelits are

typically complementary metal oxide_semiconduster (GMOS) deyicesand thesontical deyjees can be

charge-coupled devices (CCD). Examples of optically active semiconductor die include a}utofocus
controller, #iyiti-td-afalegConvertdR Hiditef Sikfial proce’tof@nd irgeJreEesserpacitor

and resistor formed within active area 12. The electrical and
mechanical interconnect is achieved through a solder bump
structure 20 comprising a large number of individual conductive
solder bumps or balls 22. The solder bumps are formed on bump
pads or interconnect sites 24, which are disposed on active
area 12. The bump pads 24 connect to the active circuits by
conduction tracks in active area 12. The solder bumps 22 are
electrically and mechanically connected to contact pads or
interconnect sites 26 on carrier substrate 16 by a solder
reflow process. The flip chip semiconductor device provides a
short electrical conduction path from the active devices on die
14 to conduction tracks on carrier substrate 16 in order to
reduce signal propagation, lower capacitance, and achieve
overall better circuit performance.

FIG. 2a illustrates an image sensor semiconductor
wafer 34 containing a plurality of semiconductor die 36. Wafer

34 can be silicon or gallium arsenide (GaAs). The



A clear passivation layer 32 is formed over wafer 34 by printing, lamination, or spin coating. A glass wafer
30 is applied to clear passivation layer 32. Glass wafer 30 is an optical grade glass with a thickness of
10-100 micrometers (pm) and low refractive index. Glass wafer 30 is typically the same shape & size as
wafer 34. The clear passivation layer 32 and glass wafer 30 can be translucent or transparent to pass
light to the optical sensor or optically sensitive region or optically active region of semiconductor die 36.

In FIG. 2b S5as<hdtidndagér 38 fassesiight tHirbtigH viiRdGWwe 4B3Mhith are aligréd ovér the diffically

active regiens of semiganductor lig- 36 cBassivation-layendd eas He fapmad oven wadera3sdbhy printing or
lamination. Glass wafer 30 is applied to passivation layer 38. Windows 40 and glass wafer 30 can be

translucent 8F traf§PErERT I FasElight To fife G0t SBAsESIOptically sEndifive: Fehioh Or BPtically active
region of septicenrduciendie3bor opt i EF4GSy3a-36 dlusirate adqracesscef fopaingaiongonductive
passivation or polymer die extension regions around a periphery of semiconductor die 54 for a wafer
level chip Séuie PRckaGE (WLESPIE THE serfondUctor wATRF & dederined bove i dided to separate the
semiconductercdie intolindivigual anits: T heuserhiconductoe dieiarg trgnsfersed dbatcca semporary chip
carrier. FIG..3a shgws mold c§1vit clampsﬂslge aff?edtto covgril%yctape 50.r8e@icondgg§r die 54 are

transferred” ﬁgr%utherv?faf%fla% Gffixed to tape 50 with its active sﬁlr;i‘atcse and contact pa <56 oriented face

down ontodhertape betveesn metctavityiclampsihle Semicarductordie 54dcaniakse benmothted to
coverlay (36 30.Lging RSt IATRL saw ARG UANSIEL, 1 oq 11EIG. 28, 4 foppnold glamp Glosure 56 s

applied over mold cavity clamps 52 creating anenclosure or cavity around a péeriphery of ' semiconductor
die 54. The tavity isfidledwiti & potynsenmolding compodnae dowhltoccoveray tape150. The polymer

molding compound forms angn-condycfive die extension redion 6§ around aperiphery of semiconductor

die 54. The filling process can be performed by transfer molding or injection molding. Alternatively, a soft
laminatingHimdfaaRy sufficiént sefasedst 9ok and thickness can be used to encapsulate the die.

Also, liquid epoxy molding and compressionmaolding( Be used #g form the, die extension fegion. The

mold clamp enclosure 52 and 58 are removed in FIG. Sc. The coverlay tape is peeled away to expose the
contact pallg apeiiactiveJront e GiiSePicordudBrdieBRt1ng . AGIlagaAdildstraté Anidternate

formation gfthe extension regien graund periphery of semicondugtor die..)p £1G. 48, semiconductor die
54 with passivation and glass layers are mounted to overlay tape 50. Semiconductor die 54 are enclosed

by mold clamps B3t IFFRG 4l tAe enéldstires fotmetnGSmoRfclafpssh Brecf RN foldfife

compound:5%; They refractive index. Glass wafer 30 is typically the same
shape & size as wafer 34. The clear passivation layer 32 and
glass wafer 30 can be translucent or transparent to pass light
to the optical sensor or optically sensitive region or
optically active region of semiconductor die 36.

In FIG. 2b, passivation layer 38 passes light through
windows 40 which are aligned over the optically active regions
of semiconductor die 36. Passivation layer 38 can be formed
over wafer 34 by printing or lamination. Glass wafer 30 is
applied to passivation layer 38. Windows 40 and glass wafer 30
can be translucent or transparent to pass light to the optical
sensor or optically sensitive region or optically active region
of semiconductor die 36.

FIGs. 3a-3c illustrate a process of forming non-

conductive passivation or polymer die extension regions around



molding compound 55 surrounds semiconductor die 54 to form die extension regions around a periphery
of the die. Mold clamps 53 are removed in FIG. 4c. An interconnect structure is formed on semiconductor
die 54. THVs 57 are formed through the die extension region. RDLs are formed on the front and back
sides of the die. UBMs and solder bumps 59 are also formed in electrical contact with the RDLs and
THVs. In FIG. 5a, semiconductor die 54 are inverted such that the contact pads and active front

side of the i@ F&chpwErd? A SRty BFtHFGGGh Aofe vids FRAVT 643 formESiR Hi& BxEnsion region 68
between semigendugtardie S4vaycetehing ordases<illing: Anceleetricatly: eonductivednatesial is deposited
in THVs 64 using an evaporation, electrolytic plating, electroless plating, or screen printing process. The
conductivé' matérial Saf BeSAufin ALY, CoppeF (CH iR Crsh hitke FNG), Yol (Au), or silver (Ag).
FIG. 5a showsikaltiviaTHWS 64 formee insam edge ©f extensidieregion 68.2A sedistribation tayes (RDL) 62
is formed between THVs 64 and contact pads 56 of semjconducto gaie 54. RDLs 62 can he made with Al,
aluminum coPPEr Aoy (AICH), G ‘ot Curalldy: RDLE 62 %Bgf’a@ %s A ittermediatd WaRdaétion layer to
route electsicalisignals between THY st6dand contawt pads hbuOpticallyi actbe region 70 is disposed in
an interiorg%ar\lg g%m(iec n ugtort ie654. fer a Ig If_jl - Sgé%HVs %%age ggé'meg i die;cextension region
68 between semicondyctor die 54 y e%?nng or fasef rllf‘lng. nttﬁis cdse, THVS 66 are full vias formed in
an interior are¢d veextensimnaegion 6 neactHYs &6 dré completehdsursoundecioy thetexteéhsion region.
The polymer molding compoungd .of extension region 68.also cavers a backside af. semiconductor die 54,
opposite tﬁeaggti\?éesglﬂ?aecrg of t g die. g%e%([:ﬁ%‘&f inglg'li'G. 5§ag ane gc%tﬁgkél?yrcgﬁfugige ‘Material is
deposited &L FHVis668masing @ evaporation) @lectabyicyslatig, rede ctroléssvplating servsckeee printing
process. The conductive material can be Al, Cu, Sn, Ni, Au, or Ag. RDLs 62 is formed between THVs 66
and contact pads 56 of semiconductor die 54. RDLs 62 operate as an intermediate conduction layer to
route electrical signals betwEdis TH R 66 ahdizontakd pads s. Optigalicadti/elregiatP 20 &disposed in

animeﬁoréyg%0%6%@“%5@9E§"gf%§és 52 creating an enclosure or cavity

around a periphery of semiconductor die 54. The cavity is
filled with a polymer molding compound down to coverlay tape
50. The polymer molding compound forms a non-conductive die
extension region 68 around a periphery of semiconductor die 54.
The filling process can be performed by transfer molding or
injection molding. Alternatively, a soft laminating film
having sufficient softness, volume, and thickness can be used
to encapsulate the die. Also, ligquid epoxy molding and
compression molding could be used to form the die extension
region. The mold clamp enclosure 52 and 58 are removed in FIG.
3c. The coverlay tape 1s peeled away to expose the contact
pads and active front side of semiconductor die 54.

FIGs. 4a-4d illustrate an alternate formation of the
extension region around periphery of semiconductor die. 1In
FIG. 4a, semiconductor die 54 with passivation and glass layers
are mounted to overlay tape 50. Semiconductor die 54 are
enclosed by mold clamps 53. In FIG. 4b, the enclosures formed
by mold clamps 53 are filled with molding compound 55. The
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FIG. Sc lllustrates a perspective view of semiconductor die 54. THVs 66 are full-vias formed in an interior
area of die extension region 68. Extension region 68 completely surrounds THVs 66. RDLs 62 electrically
connect contact pads 56 to THVs 66. Depending on the electrical Interconnect of the active circuits, some
of the contact pads 56 are electrically isolated from adjacent THVs 66, i.e., no connecting RDL is formed.
Optically active region 70 is disposed in an interior area of semiconductor die 54. FIG. 5d

lllustrates RAGHHER PerSPBEREVE View of SErhidoRddctoF Bie 54 dH thisTcadé Chalf-viPTH Y5644 full-via
THVs 66 asefermeadin die extansion-eagien §8pExtepsionyegion:b@ canwletelysuaroungsdVs 66.
RDLs 62 electrically connect contact pads 56 to THVs 64 and 66. Depending on the electrical
Interconnedt of' fiie AR EGuits, Sofife of the cditadtads 58 BREEletirically Motattd flond Adficent
THVs 64 and 66Gn.ecdraicanectingdR DBl is formred. Optieally &ctivesegian-2d igndispesediiv an interior
area of semiconductor die 54. Turnin%to FIG. 6 clear?g%essi ation I?e 74 is shown on the active

surface of SBMIEGHdUtGrHHe 34 GI&%Hﬁygrr 6 Fsogﬁ[b% 8Bpl to GI8AF p &‘%/al?iao%%f J(?ﬁés layer 76
may be grounded:fot static discharge@ndaeduee dustaccuinulatiors on dts Sorface. THVs 80 are formed

through die extension region 68, passivation layer 74, and gl layer 76 by laser drilling. RDLs 82 are
formed onegjiélescstI]él)l/gra ‘}6. g ‘é%) e éce}rllce%]ilyecg{anLe%t ﬁ“ﬁfﬁ%@ With RDLs 94 on the backside of
semiconductor packageT#8. RDLs 82 and<94icambe made with A} AL, CuyorCiedlloyu&®DLs 82 and 94

operate as intermediate conduction layers to route elec%rical ignals_as needed f rthef electrical function
of semico?jlC ua(?%on}%fg 5%013{% ng8§D 3@% eﬁggrigglfylgc)enne%%ﬂm%roaéﬁ%ﬁ'H#s % fo (é)(%r?tac'fal gaeds 56. THVs 92
are formedithweugh passivatiorelayer 74 andigiassilaybr76 bylaser driling. 64 1s #groederibump

metallizatign (UBM) 8dds deppsited and paiemed to elegtrically, gontagt RPLs82. In ope embodiment,

UBMs 84 may Include a wetting Tayer, barrier layer, and adhesive layer. A passivation layer 86 is formed
over RDLs°82 and detweend UBMs 8440r sthectliral sapport and Eledtrivsl iselation.sPassivation layer 86

can be mageih siion dioxite.(S102).slcon. e (SION) Sionanitide, (SixNy). poyimide (P)

benzocyclobutene (BCB), polybenzoxazole (PBO), or other insulating material.
plating, electroless plating, or screen printing process. The

conductive material can be aluminum (Al), copper (Cu), tin
(Sn), nickel (Ni), gold (Au), or silver (Ag). FIG. 5a shows
half-via THVs 64 formed in an edge of extension region 68. A
redistribution layer (RDL) 62 is formed between THVs 64 and
contact pads 56 of semiconductor die 54. RDLs 62 can be made
with Al, aluminum copper alloy (AlCu), Cu, or Cu alloy. RDLs
62 operate as an intermediate conduction layer to route
electrical signals between THVs 64 and contact pads 56.
Optically active region 70 is disposed in an interior area of
semiconductor die 54.

In FIG. 5b, THVs 66 are formed in die extension
region 68 between semiconductor die 54 by etching or laser
drilling. In this case, THVs 66 are full vias formed in an
interior area of extension region 68, i.e., THVs 66 are
completely surrounded by the extension region. The polymer
molding compound of extension region 68 also covers a backside

of semiconductor die 54, opposite the active surface of the
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An electrically conductive solder material is deposited over UBMs 84 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu, bismuthinite (B1) and alloys thereof. In
one embodiment, the solder material is 63 percent weight of Sn and 37 percent weight of Pb. The solder
material is reflowed by heating the conductive material above its melting point to form spherical balls or

bumps 90 Fh%somé Appictioh8Ssbider Buifips 90rard rettbied d Séddnd fPRd8 fnprSve electrical

contact to WBMs 841 UBM186 apdselderbumiys 90 sepresanpt ene trpesfiatercannect structure.
On the backside of semiconductor die 54, UBM 96 is deposited and patterned to electrically contact RDLs

94. In one ehisodimert UBMs Y6may IficiGde Bwétifigfayer, batrier Lajér At ddhesive ldyer. A
passivatioplayes 98.is fammed-overiRPLs O4nfar structural suppertangd etegtrical isalagion.uRassivation
layer 98 can be made wi6th S102, SION, SixNy, Pl, BOB, PBQ, or ather insulatinég ate?gl. Light

passes thr%%gh g%?sléslaygr 71§a|§8 ci&a p%%%W%ﬁSn %,\{8 o% |l:§|n§jen%8PB?85ti aify active ?égion 70,
which converis thenlight energyito elactricalrsignals farfurthee processingrineeteetianic €ircuits within

semiconductor die 54. The electrical signals can be routed through contact pads 5 THVs 80 and 92
ot KDL G0 58 UEA e B4 ST O b SOEIr LU 00 A G SoRASH HiLfirE Srovides
complete sighalaoutirg to frentsaricbbackosidés @f optical sevrcardiictor pdckagedB8sposed ImFIG. 7,

clear passivation %a relro7r4 IS rsggwg n.the.activ uscucrface Op.f seguconductor die 54. Glass layer 76 is

shown appali%d to clear passivation 47 THVs 92 are %rrme]dethrough passivation layer 74 and glass layer
76 by laser drilling. RDLE B2.aredfoiméd ohglasss layerZ6 sTHVS O2electricalhf connect contact pads 56

with RDLs 8, UBM#5 84.a5¢ depositad and patterned,to elegtically cantagt RDLs 8¢. Bassivation layer 86

is formed over RDLs 82 for structural support and electrical isolation. An electrically conductive solder
material isideposited oveceBMs 84 threkigh anievaporation; efectrolytictsiatng eleqeliess plating, ball

mnp’Org%%ﬂ%PgE@ﬂ%pgﬁ¥§8ﬁE@%S?@@Engge”mﬂ%Ls 62 electrically connect

contact pads 56 to THVs 66. Depending on the electrical
interconnect of the active circuits, some of the contact pads
56 are electrically isolated from adjacent THVs 66, i.e., no
connecting RDL is formed. Optically active region 70 is
disposed in an interior area of semiconductor die 54.

FIG. 5d illustrates another perspective view of
semiconductor die 54. 1In this case, half-via THVs 64 and full-
via THVs 66 are formed in die extension region 68. Extension
region 68 completely surrounds THVs 66. RDLs 62 electrically
connect contact pads 56 to THVs 64 and 66. Depending on the
electrical interconnect of the active circuits, some of the
contact pads 56 are electrically isolated from adjacent THVs 64
and 66, i.e., no connecting RDL is formed. Optically active

region 70 is disposed in an interior area of semiconductor die

54.

Turning to FIG. 6, clear passivation layer 74 is
shown on the active surface of semiconductor die 54. Glass
layer 76 is shown applied to clear passivation 74. Glass layer
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reflowed by heating the conductive material above its melting point to form spherical balls or bumps 90.
Contact pads 56 also electrically connect to RDLs 94 on the backside of semiconductor package 102 by
way of through silicon vias (TSV) 100. In this embodiment, no THV is formed in die extension region 68.
Instead, ISVs 100 are formed through an active region of semiconductor die 54 by etching or Laser
drilling. UBMs 96 are deposited and patterned to electrically contact RDLs 94. Passivation layer 98 is
formed ovePRBEE JFforEiHedral oftGhd EletttitalidsrtioAnd reducghtipadses through glass

layer 76 and elean passivation 74 t@ opticallyactive rggionst), yvhicty eenverts:thedight eaeegy to electrical
signals for further processing by electronic circuits within semiconductor die 54. The electrical signals can
be routed GG EORtatEFadE 56 to TRAASGY dhd $8VS A0 ant RDE S B2diF 84 16 UBMY 84 and 96
and solderdhumps 80. dhe Interepnnerbsisucnresprovidescampletessignal roatiag tofront ama back sides
of optical semiconductor package 102. In FIG. 8, clear passjvation layer 74 is shown on the active
surface of %énm? o%%fociac?li BAC B hy &P ‘}“éisgéhoVWnt p égds to Cle&r" pgi/%'v iao%kﬁl.%(%—l\?g 80 are
formed threugh dismextensiongegiondss, passivation |s3/er 7ddand gtass layemaa by daser drilling. RDLs
82 are forrﬂﬁ on %%ss la e576. RDLs 108@:§ctri%§”y conr&eft gontaclc gags 5&3 v@ghryg(\l(sa Oé which in

turn electrica 3}1 tonnéct RDLs 82 %maygél. §8 ar%nd%positeé) and patte“?’necfl {o electrica y contact

RDLs 82. Passivatioilayer8é rssformedaovier RDles-82 farsstructyrabsupport and eettricat isotation. An

electricallye(‘loendyrctliv% folf;lerr1 n]Cat%gal(ji% dgg%gigeodn \{Jecrt%§M(§i864 jough.an Sevggorafigg, electrolytic
plating, electroless p atlng,uba(fl dlrop, or screen prinfing process. The solder material is reflowed by

heating the bendmdt%hﬁateriahapmte it ety ﬁﬁfﬁ‘étcﬁﬂ)rmmmi@abbalmstauﬁﬁps 9UHUBMS 96 are
deposited gnd patteped o eleqtrically contact RDLs 94. Passivation layer 98,15 formed ovefRDLs 94 for

structural support and electrical isolation. Light passes through glass layer 76 and clear
passivatioR74te epticaliyi aétiveSregion 70, which converts the light energy to electrical signals for further

processing by electroniggjrauits within,semicanductos die 54. Theelectrical signals,can be routed through
contact pads 56 to RDLs 106 and THVs 80 to RDLs 82 and 94 and finally to UBMs 84 and 96 and solder

bumps 90 PPié fteRSnhecEstRiEtiresrovides CoristéterSigial Tutind to ot &TPEACKSIBES of optical

semicondugigfspackage 108.c1ude ElGeD4s sipilas {o FIGs,6-8.with eptjenal sglder bumps 110 formed
on UBMs 96. An electrically conductive solder material is deposited over UBMs 96 through an

evaporatiotCRREHBR/tit PRy, efedtidiessPating: batidibpS6r dcteéR PRRAENG PFEcESSLThé Solder
material isygHowed bydieating dhe gorductivermatatial abavg s meltingipaint ta- formespherical balls or
bump511géolation. Passivation layer 86 can be made with silicon
dioxide (Si02), silicon oxynitride (SiON), silicon nitride
(SixNy), polyimide (PI), benzocyclobutene (BCB),
polybenzoxazole (PBO), or other insulating material.
An electrically conductive solder material is
deposited over UBMs 84 through an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The solder material can be any metal or electrically
conductive material, e.g., Sn, lead (Pb), Ni, Au, Ag, Cu,
bismuthinite (Bi) and alloys thereof. In one embodiment, the
solder material is 63 percent weight of Sn and 37 percent
weight of Pb. The solder material is reflowed by heating the

conductive material above its melting point to form spherical

balls or bumps 90. In some applications, solder bumps 90 are
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FIG. 10 shows THVs 92 electrically connecting contact pads 56 to RDLs 82 and ISVs 112 electrically
connecting contact pads 56 to RDLs 94. Other components have similar functions as described above.
In FIG. 11, clear passivation layer 120 is shown on the active surface of semiconductor die 54. THVs 66
are formed through die extension region 68. RDLs 62 electrically connect contact pads 56 with THVs 66,
which in turn electrically connect to RDLs 122 on the backside of semiconductor package 124. UBMs

126 are deposited andpaterireton RISLE 222 KA gleetifcdhy ‘conactive®sdiaermaterifi&deposited
over UBMg 126 throughan evaposation electigidtioplating.electreless platingebalkdrop, or screen
printing process. The solder material is reflowed by heating the conductive material above its melting
point to forn? SphERCHI Balls BF bimps 2s. Light passes through clear passivation 120 to optically
active region 70, which cenvetts tbe digbt erergy te @lectterlsignats fordunher pmegessing by electronic
circuits within semiconductor die 54. The electrical signals be routed through contact pads 56 to
RDLs 62 aHEPHITYS 66 (6RDES 155 5AE USMs 128 id fiiall o Soider bumbe 128 “The Hiercomnect
structure psavidesicomptete sjgnayeutig tesgpticatfrontand back sidgs bf gemjcaraltctos package 124.

FIG. 12 is fimilar to FI S, -hléLSan‘gea diti%r%ally as Tlgv§‘76§texten iggérr}ro%ghiclegﬁrﬁq:assié/ation 120 to
RDLs 130. OBM¢ 132 are formed on RDLS130. ‘Sofder ump 134 aré¥srmed on UBMS 132, FIG.
13 is similanter- &3 6- P2 arfic additionaltyphas THMsoI36: formedethratighiclear passivationr.20 and

electrically_connect lgDLs 2 and Rg%_s 130.bGIass gie 13%@15 fgrr@gd @.gﬁar gas%'vatiog;n 120. Glass die
138 is the final Sur acle(?éle%wgeélemen%%? the ir%né‘jgee Sensor to lrectl'fy distortion of undesiréd refraction of
light passiRghto BR® sensoro imsomercasés,ttheclewtpassiation may have limitations in surface flatness

that may cause certain qﬁt&ﬁt'&orga JQSsad&iH:OJh%a g@gg dig Qg/oev}de%thgn%pcgfgg&y flatness as defined

by the glass. The glass offers some correction inrefraction. The glass can have an ultra violet (UV) filter.
passivation 74 to optical sensor or optically active region 70,

which converts the light energy to electrical signals for
further processing by electronic circuits within semiconductor
die 54. The electrical signals can be routed through contact
pads 56 to THVs 80 and 92 and RDLs 82 and 94 to UBMs 84 and 96
and solder bumps 90. The interconnect structure provides
complete signal routing to front and back sides of optical
semiconductor package 78.

In FIG. 7, clear passivation layer 74 is shown on the
active surface of semiconductor die 54. Glass layer 76 is
shown applied to clear passivation 74. THVs 92 are formed
through passivation layer 74 and glass layer 76 by laser
drilling. RDLs 82 are formed on glass layer 76. THVs 92
electrically connect contact pads 56 with RDLs 82. TUBMs 84 are
deposited and patterned to electrically contact RDLs 82.
Passivation layer 86 is formed over RDLs 82 for structural
support and electrical isolation. An electrically conductive
solder material is deposited over UBMs 84 through an
evaporation, electrolytic plating, electroless plating, ball

drop, or screen printing process. The solder material is

—-14—-



FIG. 14 is similar to FIGs. 6-13 and additionally has clear passivation layer 140 with window 142 formed
on semiconductor die 54. Window 142 is devoid of passivation and allows for passage of light. Glass
layer 144 is formed over clear passivation layer 140. Light passes through glass layer 144 and
window 142 to optically active region 70, which converts the light energy to electrical signals for further
processing by electronic circuits within semiconductor die 54. The electrical signals can be routed through

contact pati§ 56WRDPY 62 TIdVE 5B (o ROES 125 i8R 1262 R findifyPtd SolderBumps 128.

The Intercganegt streictusepreydes cemplaig signad rowingte apical front and back sides of the
semiconductor package. FIGs, 15 and 16 lllustrate the semiconductor package used in various

image sensor applicatioh§ & SeMsbhdutio? hack&dE Hrovides relatiRl o cdst 8d ot packaging
image sensar dies. The package supparismiriattirization ckheypackagemspnstrictian ishobust highly
reliable and resistant to moisture- elitéagi danfage. , FI$,. 15 shows an a plicat'%l of semiconductor
package 150 H&GHING s&icdnductar die 54 With dplical AtiATRgon 7D, Similarto FIGE8-14. THVS
148 electricallyieennrect €ontach pads 56ranelsRDL3 11380e Sémiaonckctarfpackage d50d8 mounted and
electricallyt onnec ed to PC .orechy%carrir?r ggb%té%te 152 dWiéh S?|d§r£’u?‘£3b128e?% .bnall %r1i:d array
(BGA), flipc |p,u§f L8CP. Semiconductor packagelfgd1 S Hirther mounted and efec r‘iLca?Iy connected to
substrate 156 withdolder bbunps UBMeoAtacting contact pads 168 dProtéctamengldss 60 is supported by
substrate 156 and overlies clear passivation and.optically active region 70Q.Lens assemhly 162
supports Leeigcl 4, W c%fo%%% ﬁ&tlgtﬁ?osug Qpirotec%\s/g ngags.%lféjO eilﬁ% c eag%aééivgtglgrﬂn _6[50 to optically
active region 0. Fhedight efiergy<s converted teeleptrical sigAaksforfurther processigiioyelectronic

circuits within semicondﬂgt%gi%ggs'lé@e @@gg{gghsig@glgsc%@%pu;gd Ihreugh contact pads 56 to RDIs
130 and 122 and THVs 66 to UBMs 132 and 126 and finally to solder bumps 128 and 134. The

interconneR stpactare providestcormpletecsighal uting o froatand Haeck sitestof eptigairdemiconductor
package 150, li%ht':bcf&-e]r%§hc&"é£3 anapplication af semiconductorpackage 17Q including,
opfi

semiconductor die 54 with cally active region 70, similar to FIGs. 6-14. Semiconductor package 170 is
mounted and Elé&FEARPEShTEctEd to-PCBIGHcHIp Taftict SubsFater1 72 ®ith Soldef Bamps 110 as a ball

grid array (BGA). AR ghips 95 WSCR e memicanductor package it 704s furthermeunted and electrically

connected to substrate 176 with solder bumps 90 contacting contact pads 178. Protective glass 180 is

supported by'\stibstrafed 876 and oveRiedglasdlayef 76 @nd optichfly deile i 70 e dssembly 182

supports lens 484, whigh focuses lightthraugh protective glass d80.andglass layer #6.4p optically active
region 70. The light energy is converted to electrical signals for further processing by electronic circuits

within semficdfitiuttdr Ui 549ThE efectfidal Sighais'tan Be16ted thfBligh™Contac badd 58 t"RbIs 106
and 94 ang d+\s580 1o WBMs 84 and 96 and finally to solder bumps 90 and 110. The interconnect

structure provides complete sil%nal routing to front and back sides of optical semiconductor package 170.
In FIG. 8, clear passivation layer 74 1is shown on the

active surface of semiconductor die 54. Glass layer 76 is
shown applied to clear passivation 74. THVs 80 are formed
through die extension region 68, passivation layer 74, and
glass layer 76 by laser drilling. RDLs 82 are formed on glass
layer 76. RDLs 106 electrically connect contact pads 56 with
THVs 80, which in turn electrically connect RDLs 82 and 94.
UBMs 84 are deposited and patterned to electrically contact
RDLs 82. Passivation layer 86 is formed over RDLs 82 for
structural support and electrical isolation. An electrically
conductive solder material is deposited over UBMs 84 through an

evaporation, electrolytic plating, electroless plating, ball
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
semiconductor device, comprising: a carrier; a semiconductor die having an optically active region,

the semiconductor die mounted to the carrier such that there is a separation between the carrier and the
SﬂﬂkOth&ﬁ?ﬂbor screen printing process. The solder material is

reflowed by heating the conductive material above its melting
point to form spherical balls or bumps 90. UBMs 96 are
deposited and patterned to electrically contact RDLs 94.
Passivation layer 98 is formed over RDLs 94 for structural
support and electrical isolation.

Light passes through glass layer 76 and clear
passivation 74 to optically active region 70, which converts
the light energy to electrical signals for further processing
by electronic circuits within semiconductor die 54. The
electrical signals can be routed through contact pads 56 to
RDLs 106 and THVs 80 to RDLs 82 and 94 and finally to UBMs 84
and 96 and solder bumps 90. The interconnect structure
provides complete signal routing to front and back sides of
optical semiconductor package 108.

FIG. 9 is similar to FIGs. 6-8 with optional solder
bumps 110 formed on UBMs 96. An electrically conductive solder
material is deposited over UBMs 96 through an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material is reflowed by heating
the conductive material above its melting point to form
spherical balls or bumps 110.

FIG. 10 shows THVs 92 electrically connecting contact
pads 56 to RDLs 82 and TSVs 112 electrically connecting contact
pads 56 to RDLs 94. Other components have similar functions as
described above.

In FIG. 11, clear passivation layer 120 is shown on
the active surface of semiconductor die 54. THVs 66 are formed
through die extension region 68. RDLs 62 electrically connect
contact pads 56 with THVs 66, which in turn electrically

connect to RDLs 122 on the backside of semiconductor package
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a passivation layer disposed over a surface of the semiconductor die, the passivation layer having a clear
portion for passage of light to the optically active region of the semiconductor die; a glass layer
disposed over a surface of the passivation Layer; an encapsulant disposed over the carrier within the
separation to form an expansion region around a periphery of the semiconductor die; a first via
penetrating the ex%a%rl%sion regqion, glass layer, and passivation layer; a second via B:ianetrating the glass

i

layer and passivationtfayertd eXpdse EeontattPaton Hie-S&hitondatordle® ahti% cofductive material
filling the fisstada anddilling thers@eend Wia.solder material is deposited over UBMs

126 through an evaporation, electrolytic plating, electroless
plating, ball drop, or screen printing process. The solder
material is reflowed by heating the conductive material above
its melting point to form spherical balls or bumps 128.

Light passes through clear passivation 120 to
optically active region 70, which converts the light energy to
electrical signals for further processing by electronic
circuits within semiconductor die 54. The electrical signals
can be routed through contact pads 56 to RDLs 62 and THVs 66 to
RDLs 122 and UBMs 126 and finally to solder bumps 128. The
interconnect structure provides complete signal routing to
optical front and back sides of semiconductor package 124.

FIG. 12 is similar to FIGs. 6-11 and additionally has
THVs 66 extending through clear passivation 120 to RDLs 130.
UBMs 132 are formed on RDLs 130. Solder bump 134 are formed on
UBMs 132.

FIG. 13 is similar to FIGs. 6-12 and additionally has
THVs 136 formed through clear passivation 120 and electrically
connect RDLs 62 and RDLs 130. Glass die 138 is formed on clear
passivation 120. Glass die 138 is the final surface-defining
element of the image sensor to rectify distortion or undesired
refraction of light passing into the sensor. In some cases,
the clear passivation may have limitations in surface flatness
that may cause certain distortions. The addition of a glass
die provides the necessary flatness as defined by the glass.
The glass offers some correction in refraction. The glass can
have an ultra violet (UV) filter.

FIG. 14 is similar to FIGs. 6-13 and additionally has

clear passivation layer 140 with window 142 formed on
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2. The semiconductor device of claim 1, further comprising: a conductive layer disposed between the
conductive material in the first and second vias; and an interconnect structure disposed over the
conductive Layer. 3. The semiconductor device of claim 1, further comprising: a conductive layer
disposed over a surface of the semiconductor die opposite the optically active region, the conductive layer
electrically connected to the conductive material in the first via; and an interconnect structure

disposed Pt RINTIGARve L ayer. 2 4. THE RERTcritiuctor RSTE-6F QdinP 2 SwhErdin 5 paSsivation
layer is disppsed overanentire surfage ofithersemiconductongier 144 is formed over

clear passivation layer 140.

Light passes through glass layer 144 and window 142
to optically active region 70, which converts the light energy
to electrical signals for further processing by electronic
circuits within semiconductor die 54. The electrical signals
can be routed through contact pads 56 to RDLs 62 and THVs 66 to
RDLs 122 and UBMs 126 and finally to solder bumps 128. The
interconnect structure provides complete signal routing to
optical front and back sides of the semiconductor package.

FIGs. 15 and 16 illustrate the semiconductor package
used in various image sensor applications. The semiconductor
package provides relatively low cost method of packaging image
sensor dies. The package supports miniaturization. The
package construction is robust, highly reliable and resistant
to moisture-related damage.

FIG. 15 shows an application of semiconductor package
150 including semiconductor die 54 with optically active region
70, similar to FIGs. 6-14. THVs 148 electrically connect
contact pads 56 and RDLs 130. Semiconductor package 150 is
mounted and electrically connected to PCB or chip carrier
substrate 152 with solder bumps 128 as a ball grid array (BGA),
flip chip, or WLSCP. Semiconductor package 150 is further
mounted and electrically connected to substrate 156 with solder
bumps 134 contacting contact pads 158. Protective glass 160 is
supported by substrate 156 and overlies clear passivation 120
and optically active region 70. Lens assembly 162 supports
lens 164, which focuses light through protective glass 160 and
clear passivation 120 to optically active region 70. The light

energy is converted to electrical signals for further
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5. The semiconductor device of claim 4, wherein the glass layer is disposed over an entire surface of the
passivation Layer. 6. The semiconductor device of claim 1, the expansion region comprising an
enclosure disposed around the semiconductor die, the encapsulant filling the enclosure. 7. A
semiconductor device, comprising: a carrier; a semiconductor die having an optically active region,
the semiconductor die mounted to the carrier such that there is a separation between the carrier and the

semiconddXOrGie s 1 1% BYsSvaTd RYFdishbsed bierd shrface sl ife LeticbRuctor die? the
passivation fayes havingia gleas pgrionsfor passrge-efuligh te the-optically active regian of the: o

semiconductor die; a glass layer disposed over a surface of the passivation Layer;
RDLs 130 ang 122 "and THVs 66 to UBMs 132 and 126 and Tinally to
solder bumps 128 and 134. The interconnect structure provides
complete signal routing to front and back sides of optical
semiconductor package 150.

FIG. 16 shows an application of semiconductor package
170 including semiconductor die 54 with optically active region
70, similar to FIGs. 6-14. Semiconductor package 170 is
mounted and electrically connected to PCB or chip carrier
substrate 172 with solder bumps 110 as a ball grid array (BGA),
flip chip, or WLSCP. Semiconductor package 170 is further
mounted and electrically connected to substrate 176 with solder
bumps 90 contacting contact pads 178. Protective glass 180 is
supported by substrate 176 and overlies glass layer 76 and
optically active region 70. Lens assembly 182 supports lens
184, which focuses light through protective glass 180 and glass
layer 76 to optically active region 70. The light energy is
converted to electrical signals for further processing by
electronic circuits within semiconductor die 54. The
electrical signals can be routed through contact pads 56 to
RDLs 106 and 94 and THVs 80 to UBMs 84 and 96 and finally to
solder bumps 90 and 110. The interconnect structure provides
complete signal routing to front and back sides of optical
semiconductor package 170.

While one or more embodiments of the present
invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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a first conductive via penetrating through the glass layer and the passivation layer to contact a contact
pad on the semiconductor die; and an encapsulant disposed over the carrier within the separation to
form an expansion region around the semiconductor die. 8. The semiconductor device of claim 7, further
comprising: a second conductive via penetrating through the expansion region, the glass layer, and the
passivation layer; a conductive layer disposed hetween the first conductive via and second conductive
via; and an interconnect structure disposed over #&Eonductive Layer. 9. The semiconductor device
of claim 7,fuethericompesing @n enclosure disposed around the semiconductor die, the enclosure filled
with the encapsulant. 10. The semiconductor device of claim 7, further comprising a second conductive
via penetrating the semiconductor die, the second conductive via electrically connected to the first
conductivelvia. A semiconductor device, comprising:

a carrier;

a semiconductor die having an optically active region, the
semiconductor die mounted to the carrier such that there is a
separation between the carrier and the semiconductor die;

a passivation layer disposed over a surface of the
semiconductor die, the passivation layer having a clear portion
for passage of light to the optically active region of the
semiconductor die;

a glass layer disposed over a surface of the passivation
layer;

an encapsulant disposed over the carrier within the
separation to form an expansion region around a periphery of
the semiconductor die;

a first via penetrating the expansion region, glass layer,
and passivation layer;

a second via penetrating the glass layer and passivation
layer to expose a contact pad on the semiconductor die; and

a conductive material filling the first via and filling

the second via.

2. The semiconductor device of claim 1, further comprising:
a conductive layer disposed between the conductive
material in the first and second vias; and
an interconnect structure disposed over the conductive

layer.
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11. The semiconductor device of claim 10, further comprising: a conductive layer disposed over a
surface of the semiconductor die opposite the optically active region, the conductive layer electrically
connected to the second conductive via; and an interconnect structure disposed over the conductive
Layer. 12. A semiconductor device, comprising: a carrier; a semiconductor die mounted to the carrier,
the semiconductor die having an optically active region; a passivation layer disposed over the

semiconduttor dieMheSrassRAORTAYEr IRNG S cidar pbitidh for pa3saGE bf fGHR6 e BBfically active

region of the semicanslugtofidi€ic 1ayer disposed over a surface of the
semiconductor die opposite the optically active region, the
conductive layer electrically connected to the conductive
material in the first via; and
an interconnect structure disposed over the conductive

layer.

4. The semiconductor device of claim 1, wherein the
passivation layer is disposed over an entire surface of the

semiconductor die.

5. The semiconductor device of claim 4, wherein the glass
layer is disposed over an entire surface of the passivation

layer.

6. The semiconductor device of claim 1, the expansion region
comprising an enclosure disposed around the semiconductor die,

the encapsulant filling the enclosure.

7. A semiconductor device, comprising:

a carrier;

a semiconductor die having an optically active region, the
semiconductor die mounted to the carrier such that there is a
separation between the carrier and the semiconductor die;

a passivation layer disposed over a surface of the
semiconductor die, the passivation layer having a clear portion
for passage of light to the optically active region of the
semiconductor die;

a glass layer disposed over a surface of the passivation

layer;
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an encapsulant disposed over the carrier within the separation to form an expansion region around the
semiconductor die; and a first conductive via through the expansion region. 13. The semiconductor
device of claim 12, further comprising a glass layer disposed over the passivation layer. 14. The
semiconductor device of claim 12, further comprising a glass layer disposed over the clear portion of the
passivation Layer. 15. The semiconductor device of claim 12, further comprising a conductive layer

disposed over a surface™df theRERfiContuctordi® EBRMATT With th8 optigaily-d&iverdgiont B Eonductive

layer electdeally-eennected tathedisticopductive visn te: tThe sernicepdugiandeyiceiof claim 15, further
comprising an interconnect structure disposed over the conductive layer. 17. The semiconductor device

of claim 12> SHH&rIN IR ¥7Et ChrduicPé via extends through the passivation layer.

an encapsulant disposed over the carrier within the
separation to form an expansion region around the semiconductor

die.

8. The semiconductor device of claim 7, further comprising:

a second conductive via penetrating through the expansion
region, the glass layer, and the passivation layer;

a conductive layer disposed between the first conductive
via and second conductive via; and

an interconnect structure disposed over the conductive

layer.

9. The semiconductor device of claim 7, further comprising an
enclosure disposed around the semiconductor die, the enclosure

filled with the encapsulant.

10. The semiconductor device of claim 7, further comprising a
second conductive via penetrating the semiconductor die, the
second conductive via electrically connected to the first

conductive via.

11. The semiconductor device of claim 10, further comprising:
a conductive layer disposed over a surface of the
semiconductor die opposite the optically active region, the
conductive layer electrically connected to the second
conductive via; and
an interconnect structure disposed over the conductive

layer.
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18. The semiconductor device of claim 12, further comprising: a conductive layer disposed over a
surface of the semiconductor die opposite the optically active region, the conductive layer electrically
connected to the first conductive via; and an interconnect structure disposed over the conductive
Layer. 19. The semiconductor device of claim 12, further comprising a second conductive via extending

through the passivation layer to the semiconductor die. 20. A semiconductor device, comprising: a
semiconductor dié HEVN-RR BPHEARy &tiive T8gioRHRECONVRS light to an electrical signal;

a carrier;

a semiconductor die mounted to the carrier, the
semiconductor die having an optically active region;

a passivation layer disposed over the semiconductor die,
the passivation layer having a clear portion for passage of
light to the optically active region of the semiconductor die;

an encapsulant disposed over the carrier within the
separation to form an expansion region around the semiconductor
die; and

a first conductive via through the expansion region.

13. The semiconductor device of claim 12, further comprising a

glass layer disposed over the passivation layer.

14. The semiconductor device of claim 12, further comprising a
glass layer disposed over the clear portion of the passivation

layer.

15. The semiconductor device of claim 12, further comprising a
conductive layer disposed over a surface of the semiconductor
die common with the optically active region, the conductive

layer electrically connected to the first conductive via.

16. The semiconductor device of claim 15, further comprising

an interconnect structure disposed over the conductive layer.

17. The semiconductor device of claim 12, wherein the first

conductive via extends through the passivation layer.

—-23-



a passivation layer formed over the semiconductor die, the passivation layer allowing for passage of light
to the optically active region of the semiconductor die; and an interconnect structure providing
electrical connection between a contact pad of the semiconductor die and front and back sides of the
semiconductor package. 21. The semiconductor device of claim 20, wherein the interconnect structure
comprises: an expansion region formed around the semiconductor die; a through hole via (THV) formed
in the exparision E@ﬁoﬁ;?&&ﬁ&@&ﬁ@?ﬁa@ﬁ%&@p&ﬁteﬂ%ﬁJtﬁb Feiv; Tur Bt irfeRetiatd ¢onduction

layer electrically connectrd-betweendtheTHY apdaeortactpad efthessemisenductor die; and a first
under bump metallization (UBM) layer formed over and electrically connected to the first intermediate

conductior? EBY&C 2 THe séhiconda&tor G6vitd of SR bt Whe?éih thE iftefomhect Sifucture further

comprises@oseranth intermeghate copduetiorslayer everrbe passivationdayer antd eleettcattyieennected
between tQ]eigHVa%réd the first UBM layer.

’

an interconnect structure disposed over the conductive

layer.

19. The semiconductor device of claim 12, further comprising a
second conductive via extending through the passivation layer

to the semiconductor die.

20. A semiconductor device, comprising:

a semiconductor die having an optically active region that
converts light to an electrical signal;

a passivation layer formed over the semiconductor die, the
passivation layer allowing for passage of light to the
optically active region of the semiconductor die; and

an interconnect structure providing electrical connection
between a contact pad of the semiconductor die and front and

back sides of the semiconductor package.

21. The semiconductor device of claim 20, wherein the
interconnect structure comprises:
an expansion region formed around the semiconductor die;
a through hole via (THV) formed in the expansion region;
a conductive material deposited in the THV;
a first intermediate conduction layer electrically
connected between the THV and a contact pad of the

semiconductor die; and
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23. The semiconductor device of claim 21, further comprising: a second intermediate conduction layer
formed on a backside of the semiconductor die; and a second UBM layer formed over and electrically
connected to the second intermediate conduction layer. 24. The semiconductor device of claim 20,
further comprising a glass layer disposed over the passivation layer. 25. The semiconductor device of

claim 24, wherein the glass layer is disposed over a clear portion of the passivation Layer.
a first under bump metallization (UBM) layer formed over

and electrically connected to the first intermediate conduction

layer.

22. The semiconductor device of claim 20, wherein the
interconnect structure further comprises a second intermediate
conduction layer over the passivation layer and electrically

connected between the THV and the first UBM layer.

23. The semiconductor device of claim 21, further comprising:
a second intermediate conduction layer formed on a
backside of the semiconductor die; and
a second UBM layer formed over and electrically connected

to the second intermediate conduction layer.

24. The semiconductor device of claim 20, further comprising a

glass layer disposed over the passivation layer.
25. The semiconductor device of claim 24, wherein the glass

layer 1is disposed over a clear portion of the passivation

layer.
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