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 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
FRASHENP S TR RIEOHT M e VRESGRE BENTEIR DR otk O HREMING
fieldS Of eMerAIment, Communcations, NETWorks. computers, and -+
household markets. Semiconductor devices are also found in military,

aviation, automotive, indysidalCcyHrelgrrs: ardsefiisg equipment. The
semiconductor devices perform a variety of electrical functions necessary for

each of these applications. The manufacture of semiconductor devices
involveésdormatientofia wafer havirg atplarality of tie.sEach semiconddataror

odig; containg hundreds or thayusands, of transistors and.thes active:and ,;; 1,
passive devices performing a variety of electrical functions. For a given

fafer eath digfiGm HEWATEPE/picdily" peftonfhsthe’sdrme El8efical function.

sErontcend manufacturing geneiaby cefesrsdoe formation afdhésemiconductor
devices on the wafer. The finished wafer has an active side containing the
transistors and other active and passive com%cll)nents. Back-end

manufacturing refers tBXRERG S BirGuhingthEMiLRBd wafer into the
individual die and then packaging the die for structural support and

enwnggm§ggﬁ$§ygg9ndevices 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 semiconductor manufacturing is to produce a package suitable
for faster, reliable, smaller, and higher-density integrated circuits (IC) at lower
cost. Flip chip packages or wafer level chip scale packages (WLCSP) are
ideally suited for ICs demanding high speed, high 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
electriéat afdhethancl TRteTEohRECT BENESH the Betive detiEds dnthedie
pandapndiuctionstracks ontthetearrier substrate isachieved throughahsolder
aBHOWR SITUEIIE CODRNSG.aacge aumber ofconductlye solder burgs, or

balls. The solder bumps are formed by a reflow process applied to solder
PRidterardepositéd on Eofitact padsiwhRich BreliRposetitn the sehviconaacior
sstbstiate: Thes solgerhitmps aredheszeldered to the catrier, substrates aithe-

flip chip semiconductor. package provides.a short electrical conduction path
Pfrom the active devices %n the die'to the carrier substrate In %Ir%érn {0 rte uce

asfghat propagafion verccdpatitatied; dritacRieveovéralBetiacirctietrate
opedormangec i r cunrmasyrapplieations, s dasiahie da stagk WEOSRS.cal
.Apgropriate Iebctrical intecrgonnegt must be. @rovided fgr ?m lete.device
in rconne erween Nne actlve eV es on, the d
integration. The efectrlcal interconnect has been achieve ll)y dﬁfﬁllng through
csiigsAivias (FSY¥IKA the silicorrarea of tiielaid wWwHereithedPSVaMey inferferer 2
sWitheactiiengireuitiye t ur eSemIg s€RicNAUCtF glie have-LptiGal sensers iva
central active area of the die, The optical sensors convert light energy to
G B lS Tho A ar e Fo e roCaH The seimieoabatd
rdiectrtherdielinterdonneet $truchdies el optivalsénsbrenintsose additiotal
wSRace constrainisen the intetconnactstrictuie asRBPLS, which are typically
bused for inteLconneclt égeroutint , %%nnot ass through tthet lass qr Iigpl-, i
reCEiving side o the die” Hence, itis difficultto Achieve Optimal wafer fevef 2
simegratibrrand intersennect for isemiconduetor diecskavingadptical Sersops.
potMmany, of the aventione 1 dBone embodinment, the pregent inventionis a4
.methaod of makirrg) a semiconductor device com risir:{g the steps of providing
1§ serifconductsi dishavifgan BptRam attide rdgion which cohtens lightto
aahieleetricat sgnal bfornsing @ expansientregien @ound the semiconductor
die, forming,a thrgughheleda (TEN):in the-expansiopsegiondepesitng
conductive material in the TEN, and forming a passivation layer over the
PREAESAAUCtOT tie “THE Dassiation Hyer alfBws fdthasdsage 6 lightto the
copti¢alty adtive regioncebthe: semicontiuctot eie.rflve methoe -furtherdnchudes
pihe,steps; of farmigg 4 first jntermediate,candyction layer elegtrically 1,
connected between the TEN and a contact%]ad of the semiconductor die,
Sforntifg &fifst utdeérbump mitatizafion (EENTIdyersGerand diettricafy Ve

ctornected.to the first intermediate conduction layer, depositing solder

materig).on the, fitst iz Jayer.and reflawing the, solder materig| 1 faup,a first

solder bump.
active area of the die. The optical sensors convert light
energy to electrical signals. The electrical signals are routed

through the semiconductor die to the die interconnect structure.
The optical sensors impose additional space constraints on the
interconnect structure as RDLs, which are typically used for

interconnect rerouting, cannot pass through the glass or light-
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In another embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a semiconductor die
having an optically active region which converts light to an electrical signal,
forming an expansion region around the semiconductor die, forming THVs in
the expansion region, depositing conductive material in the THV, and forming
a passivation layer over the semiconductor die. The passivation layer allows
Hforpasuy e offightto e Gpfically'ative rédionSofthet sémidortductor o
ophémaethaed furtherincludes the steps ehtormingea firstrinterntediate
sepnduction. layer eleqtrically coppected between the THV and a contact pad
of the semiconductor die, and forming a first T.= layer over and electrically
connected to the first intermediate conduction layer. In another
embodiment, the preserdunvenijor S ataetimaekot ikaking a semiconductor
package comprising the steps of providing a semiconductor die having an
optically active region which converts light to an electrical signal, and forming
a passivafidh 18JePevBriie sehficBREGERT die VTR RAsshFatioM fystaliws
mforipassage-af ightitoc-the-opticalb:active regionofthe semiconrdugiondieling
Themelhod futherinelydes e step,of forming an nterconned sityciure
prowéing electrical connection bétweén a contact pafil of the semiconductor
carevand Froritdrid backsides of the senfiebhdbictorpatikage:” SxRrahbtier

rembadimentathe peesentinvantion és assemiconductor package QOmMpnisingia

icanductor die having an optically active region which converts light.to an
Qo hrich el R BAS At Ay A IS Fimmad Sudr T8 Cenieondiaiordial ="
trhelpassivation tayemallow® ferpassage of ight totiwer opticalyactive fegiorr

q9tthe semicanductor die. Apjjaterconpast stuciie rgvides elegtricals the
connectjon between a contact aokllof the semiconductor die anoLfront aﬂd
oBtlEa g agﬁ%ve regloa of the seml%?n%ﬁstor.q%e. ? eﬂpet od
ack sides of the semiconductor package. Briet Description of the Drawings
fEIGhe1s Brflipickip sémicomeletorfdéviceiwith sofderstumpseprovddiage
csleclicalntercopnect between an active area ofithe fie and,a chiy Canien
substrate; FIGs. 2a-2b illustrate glass wafer overlryln clear
contact pad of the semicondlctor die, formihg a first under bump
metallization (UBM) layer over and electrically connected to the
first intermediate conduction layer, depositing solder material
on the first UBM layer, and reflowing the solder material to
form a first solder bump.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a semiconductor die having an optically active region
which converts light to an electrical signal, forming an
expansion region around the semiconductor die, forming THVs in
the expansion region, depositing conductive material in the THV,
and forming a passivation layer over the semiconductor die. The
passivation layer allows for passage of light to the optically

active region of the semiconductor die. The method further

includes the steps of forming a first intermediate conduction
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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

Lfotfifed troughdit extensisit regioRS Eld pd<sivation Hifer® and giass Ia7er
oandreleetricallyrconnected te RBLS; forming FIG.rélllustrates anotheer and

semicandygtor package with THYs fegped through die extensign. region,
lgl;agrr Passwahon layer, and glass layer and electrically connected to RDLsS;

In another embodiment, the present invention is a method
of making a semiconductor package comprising the steps of
providing a semiconductor die having an optically active region
which converts light to an electrical signal, and forming a
passivation layer over the semiconductor die. The passivation
layer allows for passage of light to the optically active region
of the semiconductor die. The method further includes the step
of forming an interconnect structure providing electrical
connection between a contact pad of the semiconductor die and
front and back sides of the semiconductor package.

In another embodiment, the present invention is a
semiconductor package comprising a semiconductor die having an
optically active region which converts light to an electrical
signal. A passivation layer is formed over the semiconductor
die. The passivation layer allows for passage of light to the
optically active region of the semiconductor die. An
interconnect structure provides 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
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FIG. 8 illustrates another semiconductor package with THVs formed through
die extension region, clear passivation layer, and glass layer and electrically

connected to RDLs; FIG. 9 illustrates a semiconductor package
with THVs formed through die extension region and electrically connected to
RDLs and solder bumps; FIG. 10 illustrates a semiconductor

package with TSVs and THVs formed through semiconductor die, clear
Ppassivationayfér; dhd gldss iRyt antElRctriCally Conectetitb RDLs;
FIG. 11 illustrates. a 3enmiconductarrpackage witho T HY ssforared: throughidie

EXIENFIQN fegion and electically connected o RDLS; FIG. 12

illustrates a Semiconductor package with THVs formed through die extension
region and cledrpassivation fdyer and electrigally tonhected 0 RDEs;°~ the
ekt@ni3ddlusteatesranether sepaicopaluciorgiackage: with: EHMs torated through

die extension.fegion.and clear passivation layer and efecically conpected fg
RDLs; FIG. 14 illustrates a semiconductor package WltrF'l THVs
TiSfied Betiyhidie EXePRIIPFegiBR did BlaHEa oRnBetr & RDLS with
ransarea devoid of passivation between clear passivation layers and glass
layeroveﬂa¥5IG. 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
layer, and glass layer and electrically connected to RDLs;

FIG. 9 illustrates a semiconductor package with THVs
formed through die extension region and electrically connected
to RDLs and solder bumps;

FIG. 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;
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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 best mode for

achieving thé fiiverttfon's OhjeCRIES iPwilFBe Spptetiated By thode Kiltéd TiVs
fthenatt that itistintehdecktceeovenalteativesn tinedifications,land esuivaleats

+3SARRY be incuded within e spirit and, scope of 1he ipvention as,defined by

the appended claims and their equivalents as supported by the following
Paistiostireand d¥anings'd 91The rhaktfacttiré bf ¥emiconductor devices
involves fornmatinn of aiwaferchaviag a phaalityoatidie: zagh dieagentains

Oggggg%%s oL thousand: 9f transi C§tors and other active and passive devices

performing one or more elécfrical functions. For a given wafer, each die from

the wafer tygie&lly perfothssthesaneceleeticed TAHEHOR. Pr%ﬁ"taé’rﬁj with
omanufaeturingsgepetaliyLkefers 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 singul&ffpHenRererRidomte fhéIrliDrrk 2% and then

packaging the die for structural support and/or environmental isolation.

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 defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

The manufacture of semiconductor devices involves
formation of a wafer having a plurality of die. Each die
contains hundreds or thousands of transistors and other active
and passive devices performing one or more 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



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
2PFARR OGS BA thé SUlREHB by techniques involving thermal
oxidation enitridation, teche micad vapet depositidn,cevaleeratio ne antvep uttering.c
nEbetglittogtaning volyes g iasking i argas:alibg surfage and.alebing,

away undesired material to form specific structures. The doping process
Siffjéctscdritetitratibris’oPdopaft atefarby theftiaf diffilsiol of ion St 11con-
Thaplantatien s i de Hiprahipesemicontuctar packages andrwaterilevebiuctor
apackaggs (WhE) are, sommantyused with injegrajed ciicuits (168 demanding,
igh speed, hlgjh gensﬂy, and greater pin count. Flip Cﬁlp style semiconductor
PHEFRESED invalFés TraantiAy an'active aré& 1216 die PP face doWh tReard a
tebipreantier suhstrate argyratedcipstitbeard ReB) L6 as showadaFI&E.sl.are
fdtive area 12 contains actiye and passive devices, conductive layers, and
Jaielectric Iaygrs accor(ﬁng tothe e ectrlca?degign oF the'die, ,&nalog circlits
Chiay'Be created by the combitiatibirof 6A6 fRére passivecdevite fomed
eWith#r active areadl % pndwelecticallyrintareonnestad, Jrar example.an asalog
nGiteult may indlude one or, more inductor, Gapagitor and,resistor, formed within
active area 172, The electrical"and mechanical intérconnect is achieve
nEroughla selderbumpsstidctare Povcemprising alargenuntbérefimeividual
ig9aductive seldarhumpsOrdalis,22nThesalder bupps are farmed onbump
ads or interconnect sites 24, which are disposed on active area 12. The
Oguhopnpéﬂg]ff c6nAgttto the active circuits by conduction tracks in active
area F2.iPhesoidercbumpsi22tape etectrically andimechanidaliiedonnettetktd

(GeBtact padsaninterconnact sites 26,0ncarries substrate 16 By 3seld@bnging
reflow process. The flip chip semiconductor device provides a short electrical

DEGRAGERSH paitt from the dctive @évides Bridie 14 16 Tduction falkd Bn
stafrrerssupstrateuls ar ofderitoereduce sighat propagation, lewerdapacitance,
12”9@@_{%@ @Vﬁéé!é begiier cirgyit.perfo RARCEarr i &G, @@siﬁyﬁ{étf%ﬁr an
image sensor semiconductor wafer 34 containing a plurality of semiconductor
pai]e“géfi\/\?&f%?%ﬂtc:?r?%dsiﬁggﬁ or gallidh Srsehide (Gak). The Active area
18enmmeconrducton die 36 arelfarared on semiconductonwaferi34 usiygrs, and
q¢anventionahiniegrated cireyit procgsses, as deseribed abave, Fach che qie.

semiconductor die 36 contains electronic circuits and an optical sensor or
Apptically sefisitive régiorPor optichy dctiveYegisi td sehseight attPcohvar™©
ptt_tes Ii_gl@t deeﬁgyetpfelremékﬂcaiisigma_ISaf@tr iurztherq_aaoae?s&ing byl the: electrionic
1 fireyitry.on the die. The elecirig circults %E%Eb/&écadb/r%%’l‘@!%@&“ﬁ%l%éa'one

oxide semiconductor (CMOS) devices and the optical devices can be
OEhARYE: colpiEd- deviceRTC DY EXAMPIES bt opticafly aidive séthitatductsr
adieainchude ahéo_f@cusmerJIandigﬁt@&maamamg @Qm@fctehroﬁgiftaligigaahieved
+RIOGEFSOL. and JMAge PIOCESSOL, o A E}'egac!n%%%%\i%%o% layer 32 I formed ¢

over wafer 34 by printing, lamination, or spin coating. A glass wafer 30 is

15pplied 16 tlearpassivifion tayer 3P mrasLwatér- 30 i€ an opticalgraderglass

pwitthsa shieknessef 16-100rmicrameters (lagyranclew refractive indexnGlass
wafer. 30 is typically the same shape & size as wafer 34. The clear

e A o I B R e A e i e
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



FIGs. 3a-3c illustrate a process of forming non-conductive passivation or
polymer die extension regions around a periphery of semiconductor die 54 for
a wafer level chip scale package (WLCSP). The semiconductor wafer as
described above is diced to separate the semiconductor die into individual
units. The semiconductor die are transferred onto a temporary chip carrier.
FIG. 3a shows mold cavity clamps 52 affixed to coverlay tape 50.
28ehiitoRdtictbr'die™® are transtertedFrothtne’ waféraitd afficed fo tapd's0
swithdts actiye stirfacecard eontactqidds So6conented-faceldgwnontedhedape
cBrbueen mald cavityclamps 52 Semicondyeta die. 24 cap Alsphe paunied,,

to coverlay tape 50 using post wafer saw tape transfer. In FIG. 3b, a top
Anitd CaAmMPlbStire 5858 SHppliet Gvér Aol ¢ taRity Clamps 52 treatity ant
penclostise O Cavity aroenc-a @ﬁIlphﬁiylﬂftSB@ﬂICpﬁ]ﬂ]bJCtﬁfodietﬁé ‘Ehe cavity is
flied ith,g pelymes malding, compound down 9 goyetiay ape a0 e . 1«
polymer molding compoun orms a non- con uctive d|e extension region 68
LEradiea periplteny st SemicondictBr afe-58° Thefilfiig preeess eafche and
apaﬂ@vme&@y&mnswmmgr@mime@tmmamga Alternatively, a soft
Iamlnﬂr&g f|£m suffcment softness, volume, and Ith}%]Gg% can b(; egl4
to encapsulate tjh 3|e Aaiso I|qU|d epc?xy moriémg and cc compressmn mold |ng
cesliibe Usedl tolform the dif exfehsion fegiort ThHeemold cldipeénclésare 52e
sand&sharg removech nal%lgérﬁ@eTh@g@yerlayﬁa@eggmad@d\@t te expose
the ontac% padssgpﬂd ggrtllé(e fJE ont Sld? of Jmconduc(g%%g,leen 4. a1 FIGs.
“A4a-4d fustrate an alternate formation of the extendion region around
ipefphenrof senticondaetordic Sty FIG. 4assenrtieohdiretor die BaWith
sPassivationand glassslayess ase naounted to,qverlay tape ©0. aS%rné@or@tCi%l
die 54 are enclose fﬂy mold clamps 53. In FIG. 4b, the eﬂclosures formed X

SR clspeE3 G fliedSAith Mofding Cormbstind 55 The %oﬁﬁlngvgorﬁe%und
t85strrsundysenscondactor die tSmetolfmht dieextension eégiohsiaround a
sRerinheny-gf the die,dojd-clamps 53 &g removeddn FIG: 4¢. Anintergonpect

structure is formed on semiconductor die 54 THVs 57 are formed through

e Gic"extehdfor 16Gioh: ROLS Aré f6nfed o the front and"Bask Siés 8f the
ndiea IT. 3 EMs areinsolded bunops 59'axe) alseviorme chimdelettrical ttordactiwithce s
cthe RDLs and Vs, 1 eq laFKIG.c2a, semiconductor die; 54 argnyered such

that the contact pads and active front side of the die face upward. A pluralit
26F thidugRTHERNIAS (TENY 64 1 foriéd it bRt 8%@13?88%@90%‘368 etdesh'
tsemnednducton die 54rhy éichinglordaser drilling: #as electrcallyicenductive
omatetalis deposited in THVs 64 using an evaporation, electrolytic plating,
electroless plating, or screen printing process. The conductive material can
be aldmintitA (AR Eoppel {8), 6/ T5n) nickeF (N} SGofdV(Eu)  of Siver (R¥).
pEliGt Sashaws hadfeviantHYs 64 formed tn an.edge of extensioareg)ion 68. A
E% istripuytion layer (RD1);62 is formed between THYS 64, and, copfact pads

of semiconductor die 54. RDLs 62 can be made with Al, aluminum copper

Rty FAICHR €U, dred Alidy? RDES b bpératefad %n%ﬂféﬂﬁé&“ e EBRAUCHBN
alayer de route electriealisigaals between Wdés 6Zband coptactpags S6e same

SQa%'&aﬂys@P%'é’e reqion 70 is dispoged éﬂ@&”}é%%% ecaiQLS?Ql}%?“Q‘éCtQ&g'e
54.In FIG. 5b, THVs 66 are formed in die extension region 6

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.
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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 die. As described in FIG. 5a, an
electrically conductive material is deposited in THVs 66 using an evaporation,
eIectr6Wt%Iﬁatiﬁa,' eREHDIEES bRatiNG i screeRrititing protedd T
weanduetive matetial ean be Alr€a, SneNit e, 05 AG.aRDY sa62 is/formeed ons

obetwiaen JHYs 68 and coptact pads 56.of;semiconducior die, 54. RDLs,62
operate as an intermediate conduction layer to route electrical signals
OBBfwEEA THVS 66YaRd ‘contactt pads F6- Opticdlly atthie fedidh70 i disposed
afpan dateriorareaiofsemicanduetondie 54k GwScallustratesia perspeetives 0
-Yiew.of semiconductor die 34, THY s 88 are fullvias formed in gp nterior area
o?dle extension region 68. Extension region 68 completely surrou_ngs THVs
SBBSRDIY 62R1eEfically BHdct tortaet-pads 56 FRYSL86 2Dependitg o
otheselectrieahintereonnecst of the active circuits, some of the contact pads 56

are elgﬁgcallg isglateq frontw adjacent THVs 66. i.e.. no connectin% RI%L iS .
S.. —-3C 1l1lustra a process .bf formling non—conductive
formed. ptlcaﬁlly active region 70 Is glsposed in an mtenongarea 0

PSEMEGIIdGEtoP i@ SUY™mer PG, 5d ifustidtesaiohes perspective viowpfery
oserucanRductor gig 54: dn thiscasey halkvia TEHWs 641and ilvia THYs66 are

r in die extension region 68. Extension region, 68 completely surround
R R o e R o B PR YRR
sPrepeniding on theréleenderlinteréoaneetof thelagtive eircuits fsomeldfthe

seantact Pacs-36 are electrically iselaied from adjaceniHHY:s 6421 66rk@er .
e coyne%invg RDL i form,etd. Oqticallsy %%tiv%ge ion 70 is dis olsed itn an .
interior area of semiconductor die®Ba’ Urhing fo FIGS®! cleary —@Pe 29
Spassivationtiayer 74 i§ $hovn bnahefactivedsdrfate Bisemitonductordieisz4d
tSlasslayar 76 issshewnapplied to,clear passivation 14: Glass layero76 mavq
be grounded for static discharge and reduce dust accumulation on its
L8Gftal8 THVE Bo'are fB?%%ob%%HSSH dig ExtEASIbNTeGi6AS8, passivation
Skayer dtl aricbglassdayér 76rby lagertdrilingnRE1L 582 aredotmedtem glass

ulg)ﬂy@(g 7&) yygﬂe%ri@%@écgggggggpu 82 with RDLs 94 on the

backside of semiconductor package 78. RDLs 82 and 94 can be made with
Al, AICT, EXF oriCu dllof RS 825470 04°IFENEE atintérfiBliated °ver
modnduaetion Jayersitosrobite etectricabsgnats asarweeded forctheielectricalnd a

p%ﬂ'\c}ﬂ?&@ semiconductor die p44 RDLs 82 alsg electrically connect thipugh ,

HVs 92 to contact pads 56. THVs 92 are formed through passivation layer
p?ﬁ%ﬂﬁfgﬁﬂ%ﬂé&%r?%FE§WH§%ﬁ%ﬂWﬁn§P 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
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An under bump metallization (UBM) 84 is deposited and patterned to
electrically contact RDLs 82. In one embodiment, UBMs 84 may include a
wetting layer, barrier layer, and adhesive layer. A passivation layer 86 is
formed over RDLs 82 and between UBMs 84 for structural support and
electrical isolation. Passivation layer 86 can be made with silicon dioxide
(5102), silicon oxynitride (SION), silicon nitride (SixNy), polyimide (PI),
lBeHES&ﬁ@\oBYﬁf’é’né?Bé@?ﬁ%ly‘tfb%z%‘%&*z%% (BBEY) 2o otter irsulbtingt Side
omateriakonduAncelectrically.conductive solder material is deposited over

UBMs.84 throuah, anievapqration, electrqlylic plating, glectroless-plating, ball

drop, or screen printing process. The solder material can be any metal or
cElettrically E6AdGELVE atériaf e i o5H, R @B NIYALE Ay, €6, 1 FIG-
4bismuthinite {Bhand alleys thereaf. breneermbodinment, dhe soldermaiedakis
S8 ReIgenbwaigt gl Sn.and 37 percst weldntofPb, The.soldst. materialis
reflowed by heating the Conductive material above its melting point to form
by¥pReficalBamesr bemps 90F fi¥ sofite appfic&ficns,ss6laér buffss! 9bvarec 1d
cleflowwed @ secomd timel te iropreva eleciricakgontast 6 UBNMs84.JJBMs; 86
and solder.bumps 90 represent one, type of inter ect structyre. On..
T O e e Ut B e Jonaotod o Sakaps™
relektricaliyr egnthct RBESIYETH oife EftbstimentoBMs I8 afayPinciude a
rwetting layery barrierlayexnand aghesive fayer: Aspassivation tayere98ds
formed over RDLs 94 for stryctural support and electrical isolation. . .
S BASKATr Byor U Cont be Mo et 05 N, Bikay Bl BEE 80, or
eptirerdnsulatirgimateri&PLs alighf passesthrédgh glass-layed 762ahd tlear
opassivation 74 txapticaksensei-er gpticallys active region Q- which gonverts
Eheg ht energy tto eltectrjct Isti nals for further g\rfocessing by electronic
S Sirslits Withilt semiconductor die 54 Thé Slectii¢al signals can be routed
throught cbhfactpadss 5810 Vst80 and<02 andrRDLsV82 tad 9410 UBMs 84
+80d 96 and:sqldesbumps, 204 Thedntgrconneget structireprovides.complete.
signal routing ta front and back sides of optical semjconductor package 78.
RIPEIG2 7 blear padsivatibh isyer 74 & sHown o the activeStiffade 6f ©
esermicorductep tie 543 Glassdayers?6isshowetapplied to €léar passivationr

144 THVS 92 a1¢ formed.through passivation layer 4 andglass layer 76 by

laser drilling. RDLs 82 are formed on glass layer 76. THVs 92 electrically
dEBRfeECContact PAtise Wit RDUS 832DBNE $4 aré depbsited drig PLat1n9
epatternec to electrically contact:RPLSB2.rRassivationdayer 86lis fomned overe

nRRLS 82 for stryctural suppart @nd electrical isplation. An electyically o1
conductive solder material is deposited over UBMs 84 through an

(Bvapofktich, i8eroRtichiatifg, éfsttroledd pratiiy, BHIFdrdp: ‘or strdentVs 64

fpHmMtingin 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
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process. The solder material is 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, TSVs 100 are formed
through an active region of semiconductor die 54 by etching or laser drilling.
PEEFENS §6are HEpUsited dnd puttethed tolelBBurftally csitatt RDLIS94. 11
tRassivation layers 98dsdformedlaveriRbLs@4for stiueturahsupport ancka of
cglecical jsolation, ¢ Light passgs through glass layer 76 and leat qeq by

gasswatlon 74 to optically active region 70, which converts'the light energy to
LBRectiCAI SigRAlS Y flfther PrEcESSIHG By BrRettrdtic CREBRS Mitih Sxtension
rsgmiconraductos die Sde dheselecticalsignalsseart benouied throlgb epntact
B33 5019 TEVS.92.And TS/s.109 and ROl 82 and 94,0, T 1M B4 od

qgma IvVe sur bed T
lder bumps 90. The Iinterconnect structure provides compFete signal

Sfoutiy - FrERE ArdBaCK SRIBLCOF FptiEa SemitbnducisPpackage T02T Vs fif
uElGg8aelear passivation layes A4 tsishownan the getive serface-ek plating,
ogemiconductor die 4. Glass laver 16 shoun.applied (o dleanpassivation,
74°THVs 80 are fbn%epdrt%rough die extension reglon%a& passivation layer ’
C74, &nd dglass 2ayerc76 by-lasBP HFilling. RDESB=areforted offglassdayer
86 RBL$106 eecticallyrconnect contaeti pads 56 withsTHYSSQ whighais an
;{urn eletrically connect RDLE 82 and 94. T, TEMs 84 are deposiied and
paﬁerned1 fo electrica y contact RDLs 82. Fassivation 1ayer 86 is formed over
bRDISS 820V stroctirad sappbrcand elfecthical isaation AN eledtiicallyegion 70
160nduetive solder-materialis depositedever-hilEEMs 84 through an .
evaporation5eIe,ctrontgc gltating, electroless,plating, ball Fdro%, or screen
printing’ Brocess. The sbfder matétial 18 refiowed by eating e~ 28ndGctive
daratefial aBeVe itsSmetting pointitodermosplietical ballsiotbumps 90<sT. TEMSie
<26 aredepasited andpatterped o electricallycontact RDls 94, Passivation
layer 98 is formed gver RDLs 94 for structural support and electrical isolation.
TEight passesthtolgh Giass fayet 76’ and elgsr passivatibn®74 to opticaly Vs
cactiveeegioninQ, whicdiheorverts the dight energy o etectrial signats fore
further-processing, by electranic.circyits within semicandyctor die 54 Jhest g
electrical signals can be routed through contact pads 56 to RDLs 106 and
ErRi 8016 ROLEBS ahbr o4 ahar ikl (8 SFEME 8 A dnd 66 S SG1der
Obumpsl90. Fheiintercopnect Structureipnovides completensignadb routing to £
Sfront. and hack sides afoptical semiconductor package 108. FIG.9is
similar to FIGs. 6-8 with optional solder bumps 110 formed on T.TEMs 96. An

electrichfly chductive SaIaer niatetiaffs 86poBited bler T-FEMS 96 through
sanisvapbration, electrolytic piatirng;, €leetselessaplatingabal dsopiornsareen 1-
vRunting progess. The splder; majedalis reflowed P¥4keoaf¥'r%98t.he condyctive

material above its melting point to form spherical balls or bumps 110.
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
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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
SRDLs 122 on the backside of semiconductor package 124. T.TEMs 126 are
depositechand patterned an RDks 1222 &1 electricallyagenduetivies selderm on
cmaterial is.deposited over T.TEMs, 126 through an,evaparation, glegtrolytic .
lating, electroless plating, ball drop, or screen printing process. 'Fhe solder
SEﬁ%YtériéP%lﬂe&f%vﬁ?d By Fieathity the’ ebnalctive métetiat abdVerits' mélig Point
gtrforaresphericaktballs: on bsnps d28and rkight passes throughu clearon on
:PgSsiyaon 120 fo pptigally Active rgjon 10 which conyetts IO ipt energy
to electrical signals for further processing by electronic circuits within
6 Senfésrduictet ee 52Y The'électicalBighals'cart be fourtdd RFRIGITES AT -
rpads &6 to-ROls-h2anth TGS 661teyRP L3122 amdsUBMs 126-and finajly to
solder b S .. The interconnect structure provides complete signal
e R o At e el of it o e i eor
PEfG292 id SimilkPic FIGs28d P aneradéitionafly HastTHAA 66 Extending o Cu
athreygh cleak passivations12Q e RRLs 430, 1UBMs 132 are farmediom RRES r s
130. Solder bump.134 are formed on UBMs : FIG, 13 is similar to
EIGE 51 b Aoy N S 36 oG thiSucr: e SeBsvation
fepotamt efectrealhreoAneePROLIS62 and RBIss 8302 Glass e 18848 féymed
cen:lear passivation:#20.4Glass dienlt38 is theifingksurfage-efining elementq
tgf the Lma e Sensor tor ctifé/ di%ortiog or undeﬁired ret;gcgon lof Ii%ht
PASSIAG IRt6 te S6h2Br. AYSOme casss, 1hé tear passivation may have
dlirnitatiosis in surface flatness that may cause certain distortions. The addition
of a glass diepravides the necessany-flatngss)as definedHy the glass.dhe
lo%Ijass offers some correction in refraction. The glass can have an ultra violet

VTiter. ©° FEC 14 %imilar 16 s, 8213 atft additiony Has Ser ™t

Updssivatioastayer140avith wahtdowo142 fermedaorr semi¢enductordie Hthesive

1Window 142 is deyoid of passivation and allows;forpassagesoklight, Glass
layer 144 is formed over clear passivation layer 140. Light passes through

baﬁﬂﬁﬁ%ygﬁ%a4%ﬁ“§VﬁnGBﬁPf&fﬁgl support and eléctrical isolation.

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
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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
Ma&fricanductor patREge @e&ﬁ?%ﬂSungh%aﬁéf@éﬁﬁ%rV&pBﬁéﬁfdﬁsl. THeve
isemieonductoppackage pravidesrelatively lowl cesomethog of packaging ome
2[page sensor dies The nackagessupparts miniafurization . The package,

_construction is robust, highly reliable and resistant to moisture-related
THBRTAGe.C LS CRIGC15 sHBWs @n &Bplitatior 6f seiéEndGctor patkayer150™Ps
smcledingssemicanductpedier54 withr optically activedegien 70, similar to FIGs.
&-14. JHiVs 148, dectically.connadi contact pads 56 and L5 L0,
Semiconductor pacﬁage 150 is mounted and electrically connected to PCB or
deRipeéatiersibstrté SIS ERith s Gldef buntes 128°4% aasall GRE arfdy (EEA)QODE
eflipochipe 0t WLESGP 9%emigonductos packagerling is fursher mounted and/er,
glectigall conpecied to substrate Lo uith solder humps 34, sontagting.
contact pads 1§§y Protective gﬁass?L 0is sup%orte by substrate 156 an
9bvéniesstlear passivatiorPt2 atitPopteallyr active tEGiORTZON:-end asseHilyon
1362:supparts lens edewhichfocuses lightithreughpyotectivecglassE60 and
o I}t?grr pf;lﬁc,si\iaéltjtloinn121CT)1 tgeorplticlally active region 70. The light energy is
converted to'e ecﬁica?&gnaﬁs for further processing by electronic circuits
withinlsericartitrger 8ier549Thelelestrical signdls Tah be fouteth troughion
7GORACE Pads.96 @ RI3ks J:3Q.gRd d22 and kHVs 66.10 LIBMS, 132 apd 126
and fintallytl;kc]) solde 1E)umps 128tand é34t The iPter,connfct Ptruc%uret rovides
“complete sighal roluting to front and back sidés of opticarsemiconductor
ppackage by <lFiGr26ishows anidpplicatiomofsericondudtor package -
14£0dneluding semicgnductor dien4 with-eptically-active - region:7 Q. similas to
FIGs. 6-14. Semiconductor package 170 is mounted and electricall
TE8An&ltet td PEBOF cRip BarrferdibstrateL 72 \With Sofi&t b9u6m6§%ﬁfég%r
bbalh gritbarray{(E GA), <lip chip,cdr WHrSCPuSemicondistorpackage 1500isal
rfurtherymounted and.glectrically.cennected o substrate £6 with-selder cx a ge
bumps 90 contacting contact pads 178. Protective glass 180 is supported by
"8ubstrate 176 and overlies glass layer 76 and optically active region 70. Lens
assemblyrI82 supportsadensaki4, wahichrfotuses light tkrougivpratectize glass
a180.and.glass Jayer 76.1p; optically active regign 70:1The light epergy is. nown

converted to electrical signals for further processing by electronic circuits

2RAthirt SehficGnaactor e 54 THe elettrical Signafs Ean be rotited thrstight
peentaci pads 36 e RDLs 06 and 94 andskHVS 8Q ta WBMsB4 andr@6 angDLs

sBnally. tg-splder bymps 20 and., 110.7Ehe inigrconnect SiuGtugs provides, . o«

complete signal routing to front and back sides of optical semiconductor
CREERAGeATOS ~° Wiile BREDrMore EifSoditnénts Gt pregémihvention
phaveheen ilustrated in detail; therskilted artisarswill appseciate that 1ayer 86

1 nodifications, apd:adaptatiops to those gmbodiments may, be made witgqut
departing from the scope of the present invention as set forth in the following
ié@&ﬁgion. An electrically conductive solder material is

deposited over UBMs 84 through an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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Claims What is claimed: 1. A method of making a semiconductor device,
comprising: providing a semiconductor wafer containing a plurality of
semiconductor die each having an optically active region; forming a
passivation layer over an entire surface of the semiconductor wafer, the
passivation layer having a clear portion for passage of light to the optically
active region of the semiconductor die; mounting a glass wafer over an

PEAfife SurfalBofiRe Pdssivation fdyer® T eisinyGfating tHerSemicdiGuctor
cwaferinteéndividual semiconductar dieleachywithiatpartionofithemglass veafer

Land clear BQRHDOJI gf,the passivation layer;

Contact pads 56 also electrically connect to RDLs 94 on
the backside of semiconductor package 102 by way of through
silicon wvias (TSV) 100. In this embodiment, no THV is formed in
die extension region 68. 1Instead, TSVs 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 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 THVs 92 and
TSVs 100 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 102.

In FIG. 8, clear passivation layer 74 is shown on the
active surface of semiconductor die 54. Glass layer 76 1s 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 drop, or screen printing

process. The solder material is reflowed by heating the
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mounting the semiconductor die to a carrier with separation between the
semiconductor die; depositing encapsulant over the carrier within the
separation to form an expansion region around a periphery of the
semiconductor die; forming a first via through the expansion region,
glass wafer, and passivation layer; forming a second via through the
glass wafer and passivation layer to a contact pad on the semiconductor die;

CSHGuCt Hifingtherfirdt and sécorid vigswithTtiuttiveCmatsfals 2 hesa L
balethod-ofialais 19 furthepinclyding: e defosming@ eonduetive:layet hetween

the-conductve material infhe fiest and second viag; alder 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 124. UBMs
126 are deposited and patterned on RDLs 122. An electrically
conductive solder material is deposited over UBMs 126 through an

evaporation, electrolytic plating, electroless plating, ball
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forming an interconnect structure over the conductive layer. 3. The method
of claim 1, further including: forming a conductive layer over a surface of
the semiconductor die opposite the optically active region, the conductive
layer being electrically connected to the conductive material in the first via;
and forming an interconnect structure over the conductive layer. 4. The

method of claim 1, further including formin% the passivation layer by printing,
IfRinattionS Of $pin Bbafihg" % PERE Aiéthod Sclafth t whetéih formirdy the
rexpansionoedien tnclydese coforming anenclosure araurd the melting

pggtg]gcqrgdlf%t% dé%ls(\g]ﬁillecgtp%g%stogpebqgmgr; and filling the enclosure with
the encapsulant.

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
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
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6. A method of making a semiconductor device, comprising: providing a
semiconductor wafer containing a plurality of semiconductor die each having
an optically active region; forming a passivation layer over an entire
surface of the semiconductor wafer, the passivation layer having a clear
portion for passage of light to the optically active region of the semiconductor
die; mounting a glass wafer over an entire surface of the passivation

ORlyera Y dngafatingtheSenitortiticitr GAAEFItS individudlSerfioraictsr

edie-each aviths aqamﬂgnmfﬂh&gigssm@emmubchearmrﬁma ofthe ipassivatiarn s

VBl < dRipinga dirst candugtive vig through the glass wafey and, , 1.
passivation layer to a contact pad on the semiconductor die; mounting the

T 8BfiCondactor die 16 erchrrier Wity Separ&tiors betweer the'serfiftoruttde

1die;andl 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 processing by
electronic circuits within semiconductor die 54. The electrical
signals can be routed through contact pads 56 to RDLs 130 and
122 and THVs 66 to UBMs 132 and 126 and finally to solder bumps
128 and 134. The interconnect structure provides complete

signal routing to front and back sides of optical semiconductor
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depositing encapsulant over the carrier within the separation to form an
expansion region around the semiconductor die. 7. The method of claim 6,
further including: forming a second conductive via through the expansion
region, glass wafer, and passivation layer; forming a conductive layer
between the first conductive via and second conductive via; and forming
an interconnect structure over the conductive layer. 8. The method of claim
P HiHETeitrforming the expansion region includes: forming an enclosure
aroundthe semigonduciar digowhilethoninted tethe cadrier, antackage 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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filling the enclosure with the encapsulant. 9. The method of claim 6, further
including forming a second conductive via through the semiconductor die, the
second conductive via being electrically connected to the first conductive via.
10The method of claim 9, further including: forming a conductive layer
over a surface of the semiconductor die opposite the optically active region,
the conductive layer being electrically connected to the second conductive
via; and forming an interconne%¥§b’ﬂ§ture over the conductive layer. 11.
A method of making a semiconductor device, comprising: providing a

wsemicendyctor wafer containing a plurality of semiconductor die each having
an optically active region;

1. A method of making a semiconductor device, comprising:

providing a semiconductor wafer containing a plurality of
semiconductor die each having an optically active region;

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

mounting a glass wafer over an entire surface of the
passivation layer;

singulating the semiconductor wafer into individual
semiconductor die each with a portion of the glass wafer and
clear portion of the passivation layer;

mounting the semiconductor die to a carrier with
separation between the semiconductor die;

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

forming a first via through the expansion region, glass
wafer, and passivation layer;

forming a second via through the glass wafer and
passivation layer to a contact pad on the semiconductor die; and

filling the first and second vias with conductive

material.

2. The method of claim 1, further including:
forming a conductive layer between the conductive material

in the first and second vias; and
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forming a passivation layer over the semiconductor wafer, the passivation
layer having a clear portion for passage of light to the optically active region
of the semiconductor die; singulating the semiconductor wafer into
individual semiconductor die; mounting the semiconductor die to a carrier
with separation between the semiconductor die; depositing encapsulant
over the carrier within the separation to form an expansion region around the
semicondlictsr dfe; S COtbffiing & fitst €8 Rddtive VitHrolgHtheve
lexpansion region. 12. The method of claim 11, further including mounting a
glass wafer over the passivation layer prior to singulation of the
semiconductor wafer. 13. The method of claim 11, further including mounting
3a glassdieGverthedleat potion of Ré Passivitiot iér. 14. The method of
claim 4dx; further inchudingforming geeonductive layer oversr suiface of the
semico%du%tor dciﬁ common.with. the Ocpﬁi?f‘é|¥1310§ivaecrﬁe§izoe_r‘ e conductive

sSemiconductor opposite & y egion,
layer being electrically'connected to the first conductive via.

conductive layer being electrically connected to the conductive
material in the first wvia; and
forming an interconnect structure over the conductive

layer.

4. The method of claim 1, further including forming the

passivation layer by printing, lamination, or spin coating.

5. The method of claim 1, wherein forming the expansion
region includes:

forming an enclosure around the semiconductor die while
mounted to the carrier; and

filling the enclosure with the encapsulant.

6. A method of making a semiconductor device, comprising:

providing a semiconductor wafer containing a plurality of
semiconductor die each having an optically active region;

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

mounting a glass wafer over an entire surface of the
passivation layer;

singulating the semiconductor wafer into individual
semiconductor die each with a portion of the glass wafer and

clear portion of the passivation layer;
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15. The method of claim 14, further including forming an interconnect
structure over the conductive layer. 16. The method of claim 11, wherein the
first conductive via extends through the passivation layer. 17. The method of
claim 11, further including: forming a conductive layer over a surface of
the semiconductor die opposite the optically active region, the conductive

layer being electrically connected to the first conductive via; and forming
an intéfedhEtt Stiuctire 608F e coRdlctive TaydIM1 8 Phe Migthdtf 6F Elaind
pd i sfurtherdincluding forming-arsecondeanductive: vieethroughuheqrassivation

layerH%HK%%%G“%%@dg%HHéu%ductor die to a carrier with
separation between the semiconductor die; and

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

die.

7. The method of claim 6, further including:

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

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

forming an interconnect structure over the conductive

layer.

8. The method of claim 6, wherein forming the expansion region
includes:

forming an enclosure around the semiconductor die while
mounted to the carrier; and

filling the enclosure with the encapsulant.

9. The method of claim 6, further including forming a second
conductive via through the semiconductor die, the second
conductive via being electrically connected to the first

conductive via.

10 The method of claim 9, further including:

forming a conductive layer over a surface of the
semiconductor die opposite the optically active region, the
conductive layer being electrically connected to the second

conductive via; and
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forming an interconnect structure over the conductive

layer.

11. A method of making a semiconductor device, comprising:

providing a semiconductor wafer containing a plurality of
semiconductor die each having an optically active region;

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

singulating the semiconductor wafer into individual
semiconductor die;

mounting the semiconductor die to a carrier with
separation between the semiconductor die;

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

forming a first conductive via through the expansion

region.

12. The method of claim 11, further including mounting a glass
wafer over the passivation layer prior to singulation of the

semiconductor wafer.

13. The method of claim 11, further including mounting a glass

die over the clear portion of the passivation layer.

14. The method of claim 11, further including forming a
conductive layer over a surface of the semiconductor die common
with the optically active region, the conductive layer being

electrically connected to the first conductive via.

22



15. The method of claim 14, further including forming an

interconnect structure over the conductive layer.

16. The method of claim 11, wherein the first conductive via

extends through the passivation layer.

17. The method of claim 11, further including:

forming a conductive layer over a surface of the
semiconductor die opposite the optically active region, the
conductive layer being electrically connected to the first
conductive via; and

forming an interconnect structure over the conductive

layer.

18. The method of claim 11, further including forming a second

conductive via through the passivation layer to the

semiconductor die.
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