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
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packaging the die for structural support and environmental isolation. 1 One
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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.



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 electrical and mechanical interconnect
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wBoBstraints ensthes datesconnectstuctyre ascRPLsamdich-are typically lised:
bggps 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 has
been achieved by drilling through silicon vias (TSV) in the
silicon area of the die where the TSV may interfere with active
circuitry.

Some semiconductor die have optical sensors in a central
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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interconnect rerouting, cannot pass through the glass or light 2 receiving side
of the die. Hence, it is difficult to achieve optimal wafer level integration and
interconnect for semiconductor die having optical sensors. Summary of the
Invention In one 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,
Cfoiing h exPansion tegibitarodiid: ife séhi&éngﬁéﬁﬁfé,tfotrmiﬁﬁ}&eve
othirbugh haleada 1EMHV) imthe expansicmregiont depositinig-canductive
sopaterakin. the THY, and forming apassivation 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 intermedistentangustiotHayenetaaitieally connected between
the THV and a contact pad of the semiconductor die, forming a first under
bump metallization (UBM) layer over and electrically connected to the first
intermédiafe c6RBGELS Tayer: e gosifg Sofderihatetial i 6nahBirsPEBM
miayetgaad Jeflowdng the soldermaterakior ferma first setdersbumpetdviding
anginer embodiment, the present Invention, 'ﬁa method. of emi‘*éiﬁ‘%gich
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thayefllows forfpassiage of lighttovthieloptidallyer over the semiconductor

die. The passivation layer allows for passage of light to the
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optically active region of the semiconductor die. The method
further includes the steps of forming a first intermediate
conduction layer electrically connected between the THV and a
contact pad of the semiconductor die, forming 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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active region of the semiconductor die. The method further includes the
steps of forming a first intermediate conduction 3 layer electrically connected
between the THV and a contact pad of the semiconductor die, and forming a
first UBM layer over and electrically connected to the first intermediate
conduction layer. In another embodiment, the present invention is a method
of making a semiconductor package comprising the steps of providing a
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region of the semiconductor die. The method further includes the step of
Lfofffing an interconnect structure providing electrical connection between a
contachpad afitbe semiconauctor diecand fsentand-backisidesofdh@ethod

semicaonductor package. In another embodiment, the present.invention is a
of "making a s mli ucCLOor packdge compr lsing’ the steps o
semiconductor package comprising a semiconductor die having an optically
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laf e sénfitendaetordie 29rl frdnt-afltbdck Sidesoft e sémieshdietoregion

opaekageBriet Reseriptionief thelhrawngsohl Gyl is aflipchip semicnaduectey
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aree{)r&]’[ﬂ% &I% éerf earC Ip carrier suBgtra
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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FIGs. 2a-2b illustrate glass wafer overlying clear 4 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. 3a-3d illustrate forming half-via and full-via THVs

through die extension region electrically connected to RDLs; FIG. 6
Piiitstrates asefhicohduttor packdge With® TH?S Sotiiet thrdtghi'die extension
region, clearguassivation tayer] wand glasstlaye! andelectriealli cannectedito

JROLs; I%Ig—::f i@ﬂlé@yag%s g&g{l@ggg@g@(&@@ﬁtgr package with THVs formed

through die extension region, clear passivation layer, and glass layer and
electrically cBhfiéctetf o’ RDLS; H16. 8 flludtrates anothér Seriicondictor the
cpaekagewite giHY sfosmed through«die extersiondegion;ccleas passivation
layer, and olgsg lavey.and electically conpected to RRLS\ IS A dlusiites 2
semiconductor package with THVs formed through die extension region and
TElet AR eBnAéEtetk 16 RDPE dritP$6kie? Bifhps CRIG Y 10 GIuSFAtRS & ©
reemiconductor package with TSVs and THVs formed through semiconductor

die, clear passivati n.@/er and glass layer and electrically connect gjtof
s oyl inte Rl e i R
firpaghtdie®d@ension regioh drithelctdically EdfAEctes 16 RDLSIFIGY$2/

atlusyates aisgmiconducioe package with-Jihés tesmed thraugh die extension
regmn1andt%gﬂgpa§§95y§g%¥aé%é 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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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; 5 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

semiconductof package with “69éftedd TS 455Embly ard BfeI 167 b5trates
fasemicanductor paekage withi @verhgadrlensassembly i Petaijed Desoription

+8f e Prayings The present inventign is descrined in o0 arLmote. »

embodiments in the following description with reference to the Figures, in
PRATEH fike HumMer4ls fepresehtifé sameorSifilatYélements. While the

invention is described in terms et the bestnmodedor ashieydrg dhe invention's
ob'ﬁ%iggs it will be e@&ﬂrigciaggg by those skilled in the art that it is intended

ove ens g4ss £ . .
to cover alternatives, modifications, and equivalents as may be included

within the spiritand $cope bithaifveatiSRas efed By Hieappentiet
oclaimsaand their eguivialents 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 oRférAdRdk DafFpiRsRNd&fickiDATRMGSone or more
electrical functions. For a given wafer, each die from the wafer typically
performe theesame electrical dunctionleksrontiend manrufacturing generally

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



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 6 and/or environmental isolation. A semiconductor wafer

generally includes an active surface having semiconductor devices disposed
2{ir8bNS ARHE BERRERIE Lifffdte!ftmed with bulk semiconductor material,
e.g., silicami dhedactive sidefsurfgee containsia pluratity ehsemiderductorace

ndif; The,active swrface s jormed.oy ayariety ofsemiconductor, pIOcesses,

including layering, patterning, doping, and heat treatment. In the layering
SPrdcess, Serfiiconttttoriaterials dre” grownrordéposited ofither siibstrate” -
Thy technigulesiiayobing athermal oxidatien, mitridation; chemieal vapatctor
adgposition. .vaperalion, a0d sputiaring Photalitiogranly inyolves eayc o

masking of areas of the surface and etching away undesired material to form
PEREEIfiE Structifds PR doPITT pPocess TRfRcts BBnceARatiBns BIUdRatt
tmateriahby thermahdiffusien ierioprimplantation i ehipcsemiconRductos are
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integrated cifcuits 8s%leman5ing R(lrgah sp}ééd,tﬁfg 1d Hsi?y,lgﬁ’ grealger pin
theune Flipéhipt stjle seriicofaiuttor deieB 1t ihvolves nisinstirid apractive
caga b2 0fdje 14dagg down taward @ chipicaniey subsirate of1 paptad gircuit
nS2Rid(PCP)16. a5 shopninFIG. 1 Aclve areg, 12 contains active and

passivi d;)evices, conductive Fayers, an8 8ie?ectrlcri3yers gccorcﬁng ]EO he
mafeztied! desi§at theddief mnalbgicicuissmaybe cfeatetbbytheess

1 6qmbiRation of ONe-er R Eof 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 devices, conductive layers, and
dielectric layers according to the electrical design of the die.
Analog circuits may be created by the combination of one or more
passive device formed within active area 12 and electrically
interconnected. For example, an analog circuit may include one
or more inductor, capacitor 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



passive device formed within active area 12 and electrically interconnected.
For example, an analog circuit may include one or more inductor, capacitor
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

2fisposed o active area o  Fivd Bunhp AR 24 ONNEE t6 1Hé 7iactive e
seirekits byngonductioretracks irr active areadl 2icbherselder bumps:22tae to

cSlectrically.and mmeghanically, connected 1o ,contact pads or interconnect sies,,
26 on carrier substrate 16 by a solder reflow process. The flip chip
AsEMICAAGETD! e vite Provides' ashott BlectiCal CoHdirtiBi path froht five

pactivelcdevices et diel 24 to cenductiomitacks opgafrier substrate d6i i

4Qtderto reduee signal gropagation, lower capacitance, and. achjeve overgll
“better circuit performance. FIG. 2a |Ifhstra1es an image sensor semiconductor
IvaPEFs4 E6ntaininga phoradity BF SBAfiééAdUctor HiE 36 Wafer34 ean Fé&d

asilicenorgallium arsenide (GaAs)i 1 he-semicenductor die 36 are formed on
semi Pguc or W. I_t:Ler 4 using conventional integrated. circ%itgrocess 5, &
Lo acE she el OB B e
cantoptical Iséngorgrapticalif sersitiveregitiPor ptically activésegioh @@n be

ssense ligbt agdiaanvert the light energy o eleatdcak signals fer furthere 36
a?reo_cfessin% bg/ the electronic %irguit(?/fon tpg die, The electri circg'ﬁts are

ypically' comp ersneer?ffacfyn%l(e:ta oxide Semiconductor (CMOS) devices and

1tHeeoptitalrdevices icanbeceliarfo-cotpiebdevieed (CCDY.-Exantples of
septicallyy.active semicondustok digsinclude astofocus.contrallern digitalopt 1 cal

sensor or optically sensitive region or optically active region
to sense light and convert the light energy to electrical
signals for further processing by the electronic circuitry on
the die. The electric circuits are typically complementary
metal oxide semiconductor (CMOS) devices and the optical devices
can be charge-coupled devices (CCD). Examples of optically
active semiconductor die include autofocus controller, digital-
to-analog converter, digital signal processor, and image
processor.

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 (um)
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.
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to-analog converter, digital signal processor, and image processor. 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
(um) 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
transltBeRt 6r trafspBRETt o Pass iRt %o the Jptist Sehsor br Opticaty
wsensitive 4egiori oh opticaly igetive regiontofsemiconduciorndiei 36. 8dnFdts
o2bspAssivalion layer; 38 passesJlightithrough windows 40 whigh.ate gligned
over the optically active regions of semiconductor die 36. Passivation layer
038 arrbeTorthetlY over Waftf 33 by prihtiAG GFamifiafisn. &1ass wilter 30 is
agpplied ta passiation yer 38; Wirsdows Whaned glass wafer 30s candier 30
cJRnglicent,or fransparent {q pass light so the optical ;sensor.or, gatically; .,
sensitive region or optically active region of demicondUctor die 36. FIGs.
SSATHE | ferStralé BeProcesEeEformiity FOMeanAtctNRS: FassiVaticrt o polamer”
otiesextension tegionsiarozmd a periphery of semiconductor die 54 for a wafer

level chip scale ckagf LCSP). The semiconductor. wafer as described
above Eoeti, Sop e (e B e tor S P e s e
PSEMICEIAGELoP di® atetrainste fredrGiTtdSa FempoPas ehipreartiera AL 3apery
oshewsimeldicavity clanps 52 affixedstoreeveray tape 59. sSemicenductos die
(%ﬂ Cfagg tran géred from the wafer ang affixed to tarpi%g% vg%% Its active, __

sur cé an confsa%rpb%os & oriente effac%sdg\?v?lcontot etapeebeltween mold”
seawity tharhps 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.
Semiconductor die 54 are transferred from the wafer and affixed
to tape 50 with its active surface and contact pads 56 oriented
face down onto the tape between mold cavity clamps 52.
Semiconductor die 54 can also be mounted to coverlay tape 50
using post wafer saw tape transfer.

In FIG. 3b, a top mold clamp closure 58 is applied over
mold cavity clamps 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
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Semiconductor die 54 can also be mounted to coverlay tape 50 using post
wafer saw tape transfer. In FIG. 3b, a top mold clamp closure 58 is applied
over mold cavity clamps 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
1 SeRfiEITEUCHBR Bid B4 TRERIling HroceEs “EaR B perdrmet By tranfer Side
omaldingroninjection aielding. Alternatively, a soft laminating film having

sufficient softness, vojyme, and thickness can be used 1o encapsulate the

die. Also, I|qU|d ‘epoxy molding and compression molding could be used to
efﬁrﬁ?ﬁi@ﬂlé BXtStision TEGOE THERTEY damipEeHitosirets? itrs8 ate F16-
seemeyedds fd@: t3a: MCeuen}ayMapestlsvaeeleﬁl awaydoexpose/thes are

contcaccg pads and ctlvg front5%|de of se semlc l,éctor(gle 54, FIGs. 4a: 4d

TO over emil COD dre enclose
illustrate an alternaté formation of the extension region around periphery o

b¥emfieGnddeBr dieSin FIG. 45 sefhicohtfictordie Sy Hitht pagsivaiin 2

cg Easfsslayer&aée meUékﬁedrialﬁwedslayitﬁ@EC‘é@mpSGHHCGBd UCtﬂﬁediEh@}ldalfﬁg

cgnclose rgoqu clara]gs 53, lI@anlgu C4Cb th c{lzgsucres forme erp(ct)e on
cla 3 are fille mo%lmng compound he mo dlng compoundngé

f§8ﬁr©ﬁﬁd§%ﬂféoﬁd@%¥é@6i@5’4 6 f6fA dléextelsioh fegins arouticca

rpeapbery of thesdiesMoldelamps SSoake: semavectiuFEG i 4C£ARmed on

Slan:eLI;:Cé)n ect str igtur%lz? for[ﬂgg og7sem|c duct dTh 54%']I'H\§s .are
orm roug e die extension region. 'S7are formed on the front and

eks‘aéva%idés roftherdie. RMBMsaTd §9I‘6@#Cbmﬁp§@ Arealscfotmiedn sides
oelegtrcalicontagbwith-the RPL&and fkp¥S59 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 die face upward.
A plurality of through hole vias (THV) 64 is formed in die
extension region 68 between semiconductor die 54 by etching or
laser drilling. An electrically conductive material is
deposited in THVs 64 using an evaporation, electrolytic 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
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In FIG. Sa, semiconductor die 54 are inverted such that the contact pads
and active front side of the die face upward. A plurality of through hole vies
(THV) 64 is formed in die extension region 68 between semiconductor die 54
by etching or laser drilling. An electrically conductive material is deposited in
THVs 64 using an evaporation, electrolytic plating, electroless plating, or
screen printing process. The conductive material can be aluminum (Al),

PEEYHER (CGY tiP[SHY; Tickéel TN A gBld CAGT Gt siver tAGT FI& 1S4 'sHows 17
thal-via 34 V3164 formeddnan edge=af extensioniregion 68 A tedistrilautiart

layer (RRDL), 62 Js formed P.eéW,eePHT/'E'V&ﬁ%?ng%Q%@&EQ?QSS%QPEunded by

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

CORICH T & SrCh Aoy RDES B X0perte d&°an L iferiBaRIe Conduttibansion
rlayestodeutd eleciriealk-sighals: betwee o FHVS64 antl:eantact padsdh6.
ogpically aglive tegion 70, I disposed in.an interiog arga.of samiconducley. die
54.In FIG. S%, THVs 66 are formed in die extension region 68 10 between
>3enfiforfdGEtbr Hie 5YUvby etchifgiordaser afifling. 16 fideasecTHV's 66Varet©
ulillgas foengddn-an siteriel area of yextensien regipnb8,die.o TEh\s Hbareng,

comgleterlly surrounded b% the extension re%ion The Qlolymer olding
or scree Bflntln? ﬁr Ccess. e COI uctbve aferial canvbe Al,
compound of extension region 68 also covers a backside of semiconductor

Cdie 52; opposite theadtive suibice bf the dierAsdekeredin G Sa, ard
celeciicalhseendyctive materiahis.deposited in THVSBEOs Using@brate as an
.evaporation, electrqglytic plating, electroless plati r screen printi
S TS conteie Fatorir Sah b AT GuL B R cha, Gr Y RbLs 62
bigtarmed BEavééen MV sBB-and eoeAtact padsCsé bfsehicentiuctordieissy 70

1RDlissB2operate as amdpiarmediate condystiondayer-tarouteeleatrical
SlgnaIFSIG. 5c illustrates 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 illustrates another perspective view of
semiconductor die 54. In 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
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between THVs 66 and contact pads 56. Optically active region 70 is
disposed in an interior area of semiconductor die 54. FIG. Sc illustrates 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
>fhe contact pads 56 are electrically isolated from adjacent THVs 66, i.e., no
conneniingiRPLris formed: , Optically@ctivevegion 70-gadispased inlatwn on
cinteriar area of, semiconductor dig, 34, FIG- Seillustrates another perspective
view of semiconductor die 54. In this case, half-via THVs 64 and full- via
SRS 8BRAreforieditcdie ExtensiGH rédion 68. Extehsiort Yepiolf 682y Pe
geompletely surrotundscT HVs-66. RO Le62 wlacttically seonrecheantach pads
;98 10,1154 apg6-foepending gn dhe, eireifical interconnect of Ine, agfive
circuits, some of the contact pads 56 are electrically isofated from adejacent
cTH\RS 631 4AE 68 ileYAB cohnectiPRIAS s forfted. Opticalfy? aEtive region -
rRDO4S glispesed brapdnteriariarea ofsemiconductar dies b 154 ckurning 19 FIG.

6, clear ivation layer 74 is shown on the active surface of semiconductor
R L ottty o eanoa . G
pP7ekAEY b grotinbedSer 3tatic diselar§e arffediide dbist adediwul&tion @ Cu

aits syrfacenTHVs Shhareforned trough diecextension E2giona68: Passivalions
HEL 0 sl e [0 o g, ks s o g ol
fpackside sffsaniconguttetor die 54. RDLs 82 also electrically
connect through THVs 92 to contact pads 56. THVs 92 are formed
through passivation layer 74 and glass layer 76 by laser
drilling.

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 (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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package 78. RDLs 82 and 94 can be made with Al, AlCu, Cu, or Cu alloy.
RDLs 82 and 94 operate as intermediate conduction layers to route electrical
signals as needed for the electrical function of semiconductor die 54. RDLs
82 also electrically connect through THVs 92 to contact pads 56. THVs 92
are formed through passivation layer 74 and glass layer 76 by laser drilling.
An under bump metallization (UBM) 84 is deposited and patterned to
mafectrically- Gonfalct RiSEs 82, titne 8nibsdiffetit” UBKfs 82 riay tlcltide’s
iwettirg tayer, batrier layefpand gdhesive llayel.lA passivation Eyer 86issome
afouimed pyer RDLs g.and hetwagn LEMs 34 [ Sructal supra ang,

_electrical isolation. Fassivation layer 86 can be made with silicon dioxide
B SiheshoXkynitride(SION) silidehsnitride (SHE) poffimide 1@y, Pumps
osbenzepeyclehutene (BGHB), polyhenzoxazele (PBO), ot ether insulating
materig). A elgetricaly.conductive. sader matetial s depgsjied  oygr UBMS
84 through an evaporation, electrolytic plating, electroless plating, ball drop,
dgPserdeit pfinfingProees8IThe SoRigrmatertal catrbé dnyiletaldr I one
celestrieally conduetive malerialc eugic SN, dead {BH) 1Ni;AY, AgrC€ikr layer,
i mlétrbeigig%éBQ and allays thereof. In onelgmbocg?ent e soligjer mateF{'BaLIS

b C ’
a|JnsC§6% percent Wé—i@ﬁf of Sn &nd %]7V65%coennt Wé/i%‘ﬂt of Pb. The solder 12

dthdteriaPistiefiowed by reatiig fiecondaEtive matetial abbve- itsiRéRihgrt 1on

100k to fornrspherical ballstor bumps 30.0n, semenappticatiens, selder or

obl;t(ren S, 9(3 retrgflowedﬁg Sleéjfnd time to improve electrical contact to UBMs
84 s'86 and Solder bumps 90 represent one type of interconnect
structbieglfOnthe dssckside efsepdieonduetsdie 54 IBM 96tispassivation

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 1s 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. 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
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deposited and patterned to electrically contact RDLs 94. In one embodiment,
UBMs 96 may include a wetting layer, barrier layer, and adhesive layer. A
passivation layer 98 is formed over RDLs 94 for structural support and
electrical isolation. Passivation layer 98 can be made with SiO2, SiON,
SixNy, FI, BCB, PBO, or other insulating material. Light passes through
glass layer 76 and clear passivation 74 to optical sensor or optically active
Pr&Yi6AT0, Whith® eonvertéthetight énserﬁ%goéiéétri%l Sfgals o fifither
cpreatessing by=glectrohicbiseuits withie semigopdistortdie fkm Thehelectrical
bgigpgl%gaglg%go%t@.d 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
structfife' providBe Complete $igridic Fotiting td frotit 2ritFbak sitdés’ of bpfical
tsenteenducter packagec I8d i HG. 75 clearepassivation dayert74 s shown on
e, astive.surige of sepjconductor diefd, Glass pyer 76, shown anglied ,
to clear passivation 74. THVs 92 are formed through' passivation layer 74
JdaRdGtass tayat 76 BiIaser drilliits RDEs 82'atefoPmetrFor gfasstidyer eIk
ah H\s 92eleetfically connect ccontact padsieo withhRDRIts82nYBMS 84 are
deposited a atterned to electrically contact RDLs 82. Fassivation.layer 86
T v PO e 63 SRl B S B hokt 1EAEoh, sy
cerdeticalRPesnddetive sdfdetanateridias cdepSsited BvertIBMs84 frtcudgttan

f@ga@_@&allmﬁ@cmyrﬁ@rplﬁm,@i@@&f@lﬁlglagegafaﬁrdrqp, OL screen
rnting. I . r riakIs r in .
ConCUCtA mate At HE malhg POt o form Sohencal DA 81 Boriss
790to 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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Contact pads 56 also electrically connect to RDLs 94 on the backside of
semiconductor package 102 by way of through silicon vies (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. UBMs 96 are deposited and patterned to electrically contact
RDLs 94. Passivation layer 98 is formed over RDLs 94 for structural support

cahdwiéitrical atation. Bight passesthtough giasslayet 76> aftd diear +cat
bpassivationurddoapticaliyractdve eegionstdanhich converts the tight energy
<t.gelectricalsjignals for fupthet processing by, slectronic circujts within, o
semiconductor die 54. The electrical signals can be routed through contact
oBadsBE-fo THVELH2HEd FSVe 1 G0'BRA"RDLRBZ 4T 94 6 UBRII8E At 96
and soldgtibymapse90+- Theuptergdapect structure providas eomplete signabn

1pdling, Jo frantand back sides ol opfigal semigonduclor package 19z, In
FIG. 8, clear passivation (Fayerq74 Is shown on the active surface o
c8&rfidonuctor die 532 Glassayér 761s ShoWH agpiieerto clear passivation

eT4cTHYs 80aredormeddhraughdiei extensien region 68, passivatondayerical
74, and glass Jayer 76 b ser drilling. RDLs 82 are_ forme | laye
SJ]%h& SL%i86bey rou@e Jc%ro h c%nta I’c ag% 5% %ﬁ?/R(SB)%g,%V%E ayné

S electrically connedt contact%aaps wit chin

THifA efectficiyreoRneel RS 82%rid 921 UBNMIS 844pe 8 poRited arid:d

spatierned e electricaliy eontact:RBLSH2. Rassivation layer86.cis fosmertte
over RDLs 82 for structural support and electrical. isolation. An electricall

R L S R S B Bt e Ei o

peviperatidts electrolytic plating, electroless plating, ball drop, or screen
printingr dprosess. Thesolder material. issreflowed byheating the,1der 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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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
AB4PThe elathfcat Sighals EanefSiited thidigh ContactFads 560 RDLs

r206@ndi THVsA0 10.RDbs 82-anc 94iand finally to lUBMs/84 and 86 anithg
pSeider burmps, 90 The. intercqnnedt stiuctyre pravdes complete signal

routing to front and back sides of optical semiconductor package 108. FIG. 9
is similaP o FRGES 68 WitiPBptiofaFsslder s 1210 fofméa atPbBNMS 96.
aAnielectreallyrcorngucihe-soldervmateriahis depositechevery UBMs196-throtigh
sa0.evaporation,, elgcyrolytic plating, electrojess plating. halldran, qr;soreen
printing process. The solder material is reflowe %y]heatlng the conductive
SRtEARPEBEGE it hettng pbitt tBfBFH- Sphérieafbals of Burkfs 1905 FIG,
th0shows Jit\és O2«lestricallycomnectsry santactpadss S6trBLY-S182 andh
ob/s b2 slectrically connecling gontact pads, 56 10,RDLs 94, Olher. .
components have simitar functions as described above. In IG. T , Clear
spagsivatienlagEr 420 is Shokat onthe! attive Surfate 6f Semicarddéter diend

padk TEH\E 66 aredormesh dnraugh gdie-extension region 68. RDLs 62
electrically connect _contact pads 56, with THVs 66, which in turp electric
conne%ﬁfgtbcﬂ?gl_lssliénblr? e Bacé%sé'o sc—!-l_rllnicaonngduacé%rl Bé%f%ggéyliif%aé%ss
6§26 drendepesitet andpatiermedoes RDEBS 122, WY elettAaly 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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conductive solder material is deposited over UBMs 126 through an
evaporation, electrolytic plating, electroless plating, ball 15 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
OBleCtohie circhitd witlif* SBmifondticior die B4 THe eRsetical€ighar’ &an be
efieuted: throughoeentact padsibt te RREs 62sand J Hs 66=toc RBLis-122and t s

wBMs 126.a0d finally o %Q'Qe_‘éQE’m%ézgiJ@@r@‘&%@%‘[‘&%ﬁt“ﬁ%‘r%e

provides complete signal routing to optical front and back sides o
' 88ffiCodGcid? pacRAbR 223615 2P2 19 sithitar P FRSS. 61 ahf ddulitiGhally
1hasadVsegfi6 extending thraughyclear passivationrk20 i RDLSAS0. UBMs

32,418 formed.on BRLs 130, Salder bump 1.34.are, formed on YRMS 132.

IG. 13 Is similar to FIGs. 6-12 and adgitionaﬁyphas THVs 136 formed
°frotigh dearpadsivativrk120 and electitalfFEbRrRe! RDESs B2&Rd RDLs

130. Glass.diesl36ds iormed esclear passivation d2du&lassglie dagisudtbed
ifinalsurface-gefining clement of the jmage senspr to.ectity distorion o

undesired " refraction o?ﬁgﬁt pggsmg into the sensor. In some cases, the
PElREF Pas shadtion iy have lipfitdticies P Sudace flaliness thatmasy eanser

deedain distogtions. Jhesaddition-ofa glass: die; provides thesngeessary

flatness as defined by the glass. The glass offers some correction in
R e e e e e o Brmilar to
nEiGSL6<t3 ahdtadditionaly has

FIG. 15 shows an application of semiconductor package 150

1
in
F

ckage

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

17



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 16 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
PRsttedthtoligh contact pads 56 to RDLs 62 and THVs 66 to RDLs 122 and
UBMs 126 ard finally ta solderlbumpscl?2®.fThenihterconnect Strauckurgs 170

1Rravides somplete signal souting to optical front and hack sides of the,, 7o,
semiconductor package. FIGs. 15 and 16 illustrate the semiconductor

spHckage U3 i vafiotis imatfe'seR86r applicRIGTHS 9Fhé sentigofaueisid and
epackage aproyvides relativelylovecasbmethod ofpackagingimage-sensar with

sJigs. The,packaas supports miniaturization, The package, congtuctign is
robust, highly reliable and resistant to moisture-related amage.%'IG. 15

WsR6Ws ar %bﬁ@&ﬁéﬁ‘b@%%i%ﬁ@lﬁcﬂdrop&(ﬁ(@% ghpr iﬁ%ﬂﬁéf?@d and
eSemicanduater diebdawih aptically actie-regien wO; hsigailarde bl H-44.
TI-%VS %48 eIectriCcallt\’/ con ecH:é;)nta%t ads 56 and RDL
Nntactl onta . r

0.,
¢ c a eCctiv las %%% is, su ed
%emlconaactor paccka e go IS mountedtana eFec?rlcaIFy connected FOPBEEB
bEr eRRPEaRTE SUlstrate T2 Witke SotderBurpser28 asPabatiRfric atrby
a(BGHY, Hipehip, o WLSGP. Semigongductor pagkage 450-isfurther meunted
f%QQFS'%? ri'(%%'{y %@9@%%&%&0 ubstrate 1 gs‘,’%'t'ggf?'daer{o{"%[‘g%l%%geg 76 to
contacting contact pa . Protective glass'1 IS supporte by ubstrate
OES@WEV@HF@B"@GQ@M@W&DH The M@pt@@ﬁ‘;’@&ﬁt% I@@ﬁ@ﬁﬁ@?cﬂ_e?%
ca8SeMb: 162:SRPAIS NS urther 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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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 semitbAifittor 17 package 150. FIG. 16
shows an application of semiconductor package 170 including
wsemicendyctor 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
1(BGA), flipahip, orW-SChy Semieonciciorpackage 179, isdurriher sanegnted
and electrically connected to substrate 176 with solder bumps ?93/ contacting

contact paés 17%.aPr%%éﬂclt(|;voenglass 180 is suppé?t%d Iliyospu strate'176 and

rggeARSGIASE 18961 76 Ehd dptically adtivelrsgion 7oL LerEadsembly 182
supparts-lens;184, wi_a}jﬁhsfmsgses@g_bﬁt@rw@lmp@tec&wgm&ae@ndﬁe,-
glass layer 7619 ontically agtive region 10r The liohy enerty Is converted o,
electrica S|glr?alls for furthier processing by eléctronic circuits™ within
semicoriRivettridie SAITHE elEetrital Sighials tanthé rotifed through contact

pads 561@:RBLs 106 and-94 andiTkiys 8040 UBMs 84iandS6-and finally to
tﬁgldersbsuim]% 9(9 arfd 1e1r0. Tﬂe wigtercgnnectﬁ gtrgcgurg r \l/i es ggmg!%te

sigrﬁ%ﬁl routing to front” and back'sides gfrof))tlcai Sémiconductor package 170.
Wil ohe crandre ermbodimenttstofthecpresermt invertich Save been

illustratedin-details the skilled-artisan Wil conduction layer electrically

connected between the THV and a contact pad of the semiconductor
die;

forming 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.

2. The method of claim 1, further including forming a second
intermediate conduction layer over the passivation layer and

electrically connected between the THV and first UBM layer.

3. The method of claim 1, further including:

forming a second intermediate conduction layer on a
backside of the semiconductor die; and

forming a second UBM layer over and electrically connected

to the second intermediate conduction layer.
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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. 18 Claims What is claimed: 1. A method of making a
semiconductor device, comprising: 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 a through hole via

4 (THV) et R XN SibnTEYidh;> deposthtitiif conrduetive faterial in the THV;
forming aqeassivaticn layer averdhessemiconducierdie] trmipassiwatioarayer

allowipg Jor, passage oflightde the, optically active fegion.oft e o1 ger

semiconductor die; forming a first intermediate conduction layer electrically
bEBRnected between the THV and a contact pad of the semiconductor die;
forming a first under bump metallization (UBM) layer over and electrically

sconnegiedfo dhe firstintermediate gonduetion, Iayer; dePesiing soler, - ovg

material on the first UBM ﬁayer; and reflowing the solder material to form a

sfirst SOMdEr-Burhp: V2. Themetise of ernricfurther inelurfing formmg

csecend imermediaie congctiondayers eventhea passivadiontlayesandct ion

lgleectrically connected between the THV and first UBM layer. 3. The method
of claim 1, further including: forming a second intermediate conduction layer
on a backside of the semiconductor die; and forming a second UBM layer

cover ang electrically,eopngeted, further including forming a glass

layer over the passivation layer.

7. The method of claim 1, wherein forming the expansion
region includes:
forming an enclosure around the semiconductor die; and

filling the enclosure with molding compound.

8. A method of making a semiconductor device, comprising:
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 a through hole via (THV) in the expansion region;
depositing conductive material in the THV;
forming a passivation layer over the semiconductor die,
the passivation layer allowing for passage of light to the
optically active region of the semiconductor die;
forming a first intermediate conduction layer electrically
connected between the THV and a contact pad of the semiconductor

die; and
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to the second intermediate conduction layer. 19 4. The method of claim 3,
further including: depositing solder material on the second UBM layer; and
reflowing the solder material to form a second solder bump. 5. The method
of claim 3, further including forming a through silicon via (TSV) in the
semiconductor die to electrically connect the contact pad to the second
intermediate conduction layer. 6. The method of claim 1, further including
formirg a"1a8s Alalet Sver the passhratitsit fayer 27 L THB mEBd of ¢fdinP1e™
awheserrcforming the expansien regianhdéndudes: formingsan enelostrearound
;the. semiconductor die; and filling the enclosure with molding compound. 8. A
method of making a semiconductor device, comprising: providing a
semiconductor die having an optically active region which converts light to
9an elextrcaksignal; dorming anexpansiar regiof aroung the semiconductor

die; founing ahipush hole yia (THY) in the exppnsion iegjon; denositing
conductive material in the THV; forming a passivation layer over the
semiconaLRYGIdic; "thespassivaioh ayeralfwir forpassate 6PRGREIOPHE

optically active region of the semiconductor die; forming a first intermediate

1Bonduﬁ'gion Iaygr glegric:illlg conn te hbetw.eerhtrga TH\é and.a contactcoacé1
of the semiconductor dple;a and 20 (:f(‘):urﬁ”ﬁnara first uundlenrqour%mnﬁré?alﬁzgt?or? "
inBRngyéF@V@pnduction layer over the passivation layer and

electrically connected between the THV and first UBM layer.

11. The method of claim 8, further including:

forming a second intermediate conduction layer on a
backside of the semiconductor die; and

forming a second UBM layer over and electrically connected

to the second intermediate conduction layer.

12. The method of claim 8, further including:
depositing solder material on the second UBM layer; and
reflowing the solder material to form a second solder

bump.

13. The method of claim 12, further including forming a
through silicon via (TSV) in the semiconductor die to
electrically connect the contact pad to the second intermediate

conduction layer.

14. The method of claim 8, further including forming a glass

layer over the passivation layer.
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and electrically connected to the first intermediate conduction layer. 9. The
method of claim 8, further including: depositing solder material on the first
UBM layer; and reflowing the solder material to form a first solder bump 10.
The method of claim 8, further including forming a second intermediate
conduction layer over the passivation layer and electrically connected
between the THV and first UBM layer. 11. The method of claim 8, further
Lihcludig: f8ming a°de&orid Thté rmiefdte ‘CordudtioIadye? dia2Backside of

rthei semicanddetor die; and forming a second UBM layer over and electrically

connegted ; 10.the, second intermediate conduction layer,, 12.,.The;method of

claim 8, furthér including: depositing solder material on the second UBM
layer; and" réfloivifig The Sofdérmatéfialto forifa S8tond solder bump. 13.
The method of claim 12, further including forming a through silicon via (TSV)

1i6r1the emickgnguc%ordi]gto electricallgcgnn ct the contact pad to the .
. method 'O makKing qa semliconductor packade, 'comprlsing:
sécond intermediate conduction ?ayer. 14. The method of claim ,%urther

inCludiig Toifimg & gFass 1ayer6ver tie paBavationdayer 2rabl T hecibtRod
refelaim@,iwheteinferming the expansior: region includesirforming an
enclosure, around the. semiconductor dieand flina the enclasure wih,
molding comgoung. 16 K'method o making a semiconductor pac?<age, ’
CBeNiptBHG2 providing arsericonduttéPdieehavirgtan bptically detivele
optically active region of the semiconductor die; and
forming an interconnect structure providing electrical

connection between a contact pad of the semiconductor die and

front and back sides of the semiconductor package.

17. The method of claim 16, wherein forming the interconnect
structure includes:

forming an expansion region around the semiconductor die;

forming a through hole via (THV) in the expansion region;

depositing conductive material in the THV;

forming a first intermediate conduction layer electrically
connected between the THV and a contact pad of the semiconductor
die; and

forming a first under bump metallization (UBM) layer over
and electrically connected to the first intermediate conduction

layer.
18. The method of claim 16, further including:

depositing solder material on the first UBM layer; and

reflowing the solder material to form a first solder bump
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region which converts light to an electrical signal; forming a passivation layer
over the semiconductor die, the passivation layer allowing for passage of
light to the optically active region of the semiconductor die; and forming an
interconnect structure providing electrical connection between a contact pad
of the semiconductor die and front and back sides of the semiconductor
ackage. 17. The method of claim 16, wherein forming the interconnect

Ltructhr€ intdGaes: rornfing dh ékpansiohYegidn atdtind thé Yemcdndudtsend
idissrformingea throdghthale viay(d@H\Ovierthehexpansionaegion;l deposiing

520dyctive material in.the, THN jorming a first intexmediate eppdyclion layer

electrically connected between the THV and a contact pad of the

semiconductor die; and forming a first under bump metallization (UBM) layer
2over and electrigallycarinecteddo thefirstintermedmatesconduction layer. 18.

The method of claim 16 Ju&t@gr inclyding: depositing solder. material_on the

. £ ¢
first UBM Ié}r/]gr;eéns Tef owing the solder material to form a first solder bump

booki drhe méthd ds6rélafrials: Farth@ét fricladihg forming a second
intermediate,goadyetion daysnoverthe passivationdayerandaeleeticalhected
tcogrﬁgctseedclg%t een éh% eTCH\é taendcfoirns& Lé%l}/lolr?yfr. %Q The method of claim
36, urther inc udllng: Formlng a second intermediate conduction layer on a
backside of the semiconductor die; and forming a second UBM layer over

2and elecidealby, sannected do1thgsecontbintermeadiate conduction layer.

a semiconductor die having an optically active region
which 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.

22. The semiconductor package of claim 21, wherein the
interconnect structure includes:

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

a first under bump metallization (UBM) layer formed over
and electrically connected to the first intermediate conduction

layer.
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21. A semiconductor package, comprising: a semiconductor die having an
optically active region which 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 ditesGrtheSEmidotd a6l patkage S22 Fheé ‘serflicoidittor package of
i cladr2l iwhereiorthecintercannect structureingludes van expansian region
ofoumed atqund (e semiconductardier A tipuolt polg da ATHY) farmned ...
the expansion region; a conductive material deposited in the THV; a firs
intermediate conduction layer electrically connected between the THV and a
2@eontachpad of thersemiconductora ghe cand asfirst andef btihp :metallization; :
(UBM) layer formed aver. and electrically sonnectod to-the first jntermediate
conduction Tayer. 23 23. The semiconductor package o claim 21, a second
bipftémediaté doriuttibhiayer ever thé passivation layer and electrically
connected hetweenthesTHY andibe fust UBMdayer 241 Theisemiconsguctar
‘ ag%ag%ec)ggrll%irrllg égurégerai{lcl%%iggﬁgtsieocorhdainetermediate conduction
ayer?ormed on a backside of the semiconductor djfe'; and a second UBM
layer formed over and electrically connected to the second intermediate

conduction layer. 24
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