15 -6 JUN 2006 METHOD FOR PACKAG NG AN OPTCELECTRONI C DEVI CE AND PACKAGE
FORVED THEREBY Field of the Invention The present invention relates in
general to packaging an optoelectronic device, and nore particularly to
packagi ng an optoelectronic device at wafer |evel. 10 Background of the

I nvention As is known, there are now packaged sem conductor -opfigNejegtronic
devices that are used in such products Bs digital caneras, video caneras
and the |ike. A packaged seni conductor 15 optoel ectronic device conprises a

sem conduct oIMBIHGHPOROPACKAGHE! ANIPPORAUEE TRONIC DEVICER AN mouNt ed

on a substrate with electrical 1nterconnections etween pads on the

opt oel ectroni ¢ sem conduct dPAGKAGE #(@RVHADSTKMERERYsubstrate. The

opt oel ectroni c sem conductor die typically includes a photosensitive
portion and a processor portion 20 which, is coupled to the photosensitive

portion. The processor portion gg@t fromthe photosensitive
portion, and provi des out put s}T‘[Sﬁg gﬁghﬁg des of the package. These

signal $ can then be used to produce an inmage on a display where the inage

is aresult of ght incident aon the_ photosensitive portion. 25 The
- phot osensi.ti vel hb%r pPreseng tfb‘fe%tlaglsur@é%‘é‘cﬁ did grRerottopPackARIAR Mkt ed

Wi th any f(?;S quc%rh'cclcféwicg?e%gglﬁtrﬁ%?gs'ﬁa{r\t?%t?ﬁ{r#0@0 g; r%ﬁg %g,karray

of picture enents or pixe p1 xel *can X10

nmet ers) |mpi]oal*ﬁe:ttmmcl-¢b&mee aawafepi®iedn particles that are at |least the
size of a pixel or larger, will adversely affect the 30 performance of the
opt oel ectroni c devi ce.

10 Background of the Invention

As is known, there are now packaged semiconductor
optoelectronic devices that are used in such products as digital
cameras, video cameras and the like. A packaged semiconductor

15 optoelectronic device comprises a semiconductor optoelectronic
integrated circuit or die, which is mounted on a substrate with electrical
interconnections between pads on the optoelectronic semiconductor die,
and leads on the substrate. The optoelectronic semiconductor die
typically includes a photosensitive portion and a processor portion

20 which, is coupled to the photosensitive portion. The processor portion
receives signals from the photosensitive portion, and provides output
signals at the leads of the package. These signals can then be used to
produce an image on a display where the image is a result of light
incident on the photosensitive portion.

25 The photosensitive portion is not glassivated and must not be
contaminated with any foreign particles. The photosensitive portion
comprises an array of picture elements or pixels. Each pixel can be only
25 microns (25X10-6 meters) in diameter. Hence, any foreign particles
that are at least the size of a pixel or larger, will adversely affect the

30 performance of the optoelectronic device.



- 6 JUN 2006 2 Typically, a glass or plastic wi ndow on the optoel ectronic
sem conduct or package protects the photosensitive portion from

contam nati on and damage, but allows incident light to fall thereon. A
conventional nmethod of form ng the packaged optoel ectronic 5 sem conductor
device, starts by singulating the individual optoelectronic <ehik@guct or
die froma wafer, and nounting the senpconductor die with its back surface
on the substrate and its front surface, with the photosensitive portion

t hereon, faci NOTVP r d i i T kng
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(Eur asenm) @Pigclestropic Neamigangiastoradae Hizemer hoafess gadkmgiunting the
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di scl osed py Kal denberg above, except that the. nolding process uses an
opti cal | y &Panthensubpsirats: Using a avise dpemadintge proedss oshonr tangthishef wi ndow
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assembly of semiconductor die, substrate and interconnecting wires is

then encapsulated with mold compound to form a packaged
optoelectronic semiconductor device with an opening over the

15  photosensitive portion. Typically, the opening is filled or covered by
glass or plastic. This process is disclosed in US Patent No. 5897338 by
Peter Jacobus Kaldenberg, and assigned to European Semiconductor
Assembly (Eurasem) B.V. of the Netherlands.

Another method of packaging an optoelectronic semiconductor

20 device is disclosed in PCT Patent Application No. PCT/US00/22836 by
Glen et al. and assigned to Amkor Technology Inc. of USA. Here, the
process is similar to the process disclosed by Kaldenberg above, except
that the molding process uses an optically clear encapsulant, thus
avoiding the need for forming the window during molding.

25 With known packaging processes, an optoelectronic
semiconductor die is first singulated from a wafer, and a number of
steps performed on the die before the die is encapsulated.
Consequently, the die, and more importantly the photosensitive portion
of the die, is left exposed from singulation through to encapsulation. To

30 avoid contaminating the photosensitive portion of the die with foreign
particles and adversely affecting the performance of the packaged

-5 optoelectronic semiconductor device, the processes from singulation



Consequently, the die, and nore inportantly the photosensitive portion of
the die, is left exposed from singulation through to encapsulation. To 30
avoi d contam nating the photosensitive portion of the die with foreign
particles and adversely affecting the perfornmance of the packaged

opt oel eetroni ¢ sem conductor device, the processes from si ng@lJgNi2tf 3 -6
JUN 2006 through to encapsulation is peafornmed in a controlled environnent.
Such an environment is comonly referred to as a clean room and for

packagi ng gy heqbggﬁééggéﬁmtfm% @Irfofjl\%{\?cf?ﬁ écgrﬁ@uéé’oerwﬁ%%m s
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the photosensitive portion of the die, with individual ass covers, and
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borosilicate, which tend to be expensive. Hence, a disadvantage of using
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to attach the 3.81-5.0 | l'inmeter square glass covers with pick and place
equi pment §ayvexs Chasdssubsequently sdagulating the semiconductor dies. With the

glass cover contamination of the photosensitive portion is avoided, and

the glass covered optoelectronic die can be packaged without the need

15 for a Class 100 clean room. The glass covers are made of material such

as borosilicate, which tend to be expensive. Hence, a disadvantage of

using the glass covers is the costs. Another disadvantage of using glass

covers is the difficulty in handling the glass covers, as provisions must

be made to prevent the glass covers themselves from becoming

20 contaminated with foreign particles. Yet another disadvantage of Byne’s

process is the need to attach the 3.81-5.08 millimeter square glass
covers with pick and place equipment in a Class 100 clean room.

Byne further teaches that the singulated glass covered

optoelectronic die is then mounted on a substrate and interconnecting

25 wires are bonded between pads on the optoelectronic die and leads on

the substrate. The exposed pads, wire interconnects and portions of the

leads are then encased in a sealant. Henée, another disadvantage of

this process is the need for wire bonding, which has inherent handling

problems when the wire interconnects are exposed, prior to application

30 of the sealant. Another disadvantage of wire bonding is that it limits the

height of the resultant package due to the internal.clearance required

within the package to.accommodate the wire interconnects.: = =:nvai, oo w o



Byne further teaches that the singul ated gl ass covered optoelectronic die
is then nounted on a substrate and interconnecting 25 wires are bonded
bet ween pads on the optoelectronic die and | eads on the substrate. The
exposed pads, wire interconnects and portions of the |eads are then
encased in a sealant. Hence, another disadvantage of this process is the
need for wire bonding, which has inhereat handling problens wheINZB§ wire
i nterconnects are exposed, prior to application 30 of the seal ant. Another

di sadvant age of w re bondi ”Eriie? Sutindsdy of ﬂﬂet&ar%li’ﬁi SJeight of the resultant
c Wt

package due to the internal, earance-requlre In the package to,
accommodate the wire interconnects., 4 - 6 JUN 2006 Brief Summary of the
| nvention The ,;B esent invention seeks to provjde a mnethaod for, packagi ng an

opt oel ectroni c S\R@ée%dnﬁﬁf%@&es‘f Pgﬁiéﬁd@b% %YW &Fepéékégl}lgo?n 5 at
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in one aspe present 1nve a packaged optoel'ectronic
devi ce $onpt iedstigedacesitlcoatootnrenticndthpisigetnd bf she pridrane. with a

phot osensitive _portion thereon; and 10 a transparent encapsul ant. di sposed
on and coveri ngACRErdingly odBnoNE REPE6EL the. PTesetoinesniiepePIOYINESpResent

i nvention Bégyéggéoﬁéggﬁg%é{ighevf régfgggfshgg,ckaged opt oel ectroni c devi ce,

t he net hod* conp?i Si eps of: 'sposi ng at | east one | ayer of

cl ear encapsul aatsemictindw@si diechaphgt aFaRksi urfecdavith ah phlotésensitive
opt oel ectroni ¢ sem conductor die, the sem conductor die having pads
t hereon; aRArB9nthegeem andounting the semi conductor die on a substrate
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photosensitive portion.

In another aspect the present invention provides a method for
forming a packaged optoelectronic device, the method comprising the
steps of:

15 a) disposing at least one layer of clear encapsulant on at least one
photosensitive portion of an optoelectronic semiconductor die, the
semiconductor die having pads thereon; and
b) flip chip mounting the semiconductor die on a substrate with the
pads coupling to terminals on the substrate, the substrate having an

20 opening therethrough with the photosensitive portion substantially
aligned with the opening, and the substrate having external terminals
coupled to the terminals.

In yet another aspect the present invention provides a method for
encapsulating optoelectronic dies comprising the steps of:

25 a) providing a wafer comprising a plurality of optoelectronic dies,
wherein each of the plurality of optoelectronic dies comprises at least
one photosensitive portion thereon;

b) selectively forming a layer of clear encapsulant on each of the
photosensitive portions on the wafer; and

30 ¢ singulating the semiconductor dies from the wafer.



20 opening therethrough with the photosensitive portion substantially
aligned with the opening, and the substrate having external termnals
coupled to the termnals. In yet another aspect the present invention
provi des a nmethod for encapsul ati ng optoel ectronic dies conprising the

steps of: 25 a) providing a wafer conprising a plurality of op&gﬂl Z@@rom C
dies, wherein each of the plurality of5o0ptoel ectronic dies co

| east one photosensitive portion thereon; b) selectively formng a | ayer

of clear encapsul ant on eaBﬁePbés%?%)tEH}Pg?ﬁﬁé‘?j Wﬁﬁgortlons on the wafer;
tor rom

and 30 c) singulating the sem con | es e wafer. 5 Brief
Description of the Drawings -6 JUN 2006 An enbodi nent of the present

i nvention wl | w he re fu descri bed, by way _of exanple, with
reference to t‘ﬁ@ eﬁngw ﬁ?lﬁf O\L/\/ﬁ?l@hpr@elﬂt(}n‘@@mé"%l §oge b§e8%9r§n§1ﬂl§0| ew of

a sem cond C ent
I nventi on; H%%iba&%\%a%ﬁ&f; %ﬁgﬁ%ﬁ?ﬂg&égﬁﬁ%ﬁoﬁg{%ﬁg& 5 Or li(’re% ng the
packages i n FI FIG; El Ghadwshewssiale es¢atigad] viveswofofa apogémdtonluator

sem conductor 10 wafer when form ng a |ayer of clear encapsul ant thereon
for packagPRpelesirenie E@#ﬁ%ﬁﬁma@@@r@mczfewetét Henhpeessadkagentiang| G 1; FIG

4 shows a flowg @f‘abt §H8fg§GL @Swacﬁéf’tc%%ﬁ%%ﬁ{égﬁlé%{}T%etsgeforat}’o‘%hm%f b ear

encapsul ant in shows a Si View o

sen conducpackagddiropi@eligct roni ¢ package in accordance with an alternate
enbodi mrent of _the present invention; and FIG 6 shows a flow chart
detailing the lﬁ%césg‘ PWS 8Br ﬁn}gjgpdewew of a portion of a semiconductor

10 wafer when forming a layer of clear encapsulant thereon for packaging
in the semiconductor optoelectronic package in FIG. 1;
FIG. 4 shows a flow chart detailing a process for forming the layer
of clear encapsulant in FIG. 3;
FIG. 5 shows a side sectional view of a semiconductor
15 optoelectronic package in accordance with an alternate embodiment of
the present invention; and
FIG. 6 shows a flow chart detailing the process for forming the

package in FIG. 5.
20 Detail Description of the Drawings

A layer of clear encapsulant is disposed and cured on the
photosensitive portions of optoelectronic dies of a semiconductor wafer,
to provide a protective cover over the photosensitive portions of the dies.

25 While the steps of disposing and curing the encapsulant, must
necessarily be carried out in a Class 100 clean room, subsequent
packaging steps can now, advantageously be performed without the
need for a Class 100 clean room. In addition, the semiconductor
optoelectronic die with the layer of encapsulant can be flip chip

30 mounted onto a substrate to form a flip chip semiconductor
optoelectronic package, without the need for Class 100 clean room.

. ~Alternatively, -the :semiconductor: die with the encapsulant can be wire . :




package in FIG 5. 20 Detail Description of the Drawings A |layer of clear
encapsul ant is disposed and cured on the photosensitive portions of

optoel ectronic dies of a sem conductor wafer, to provide a protective
cover over the photosensitive portions of the dies. 25 Wiile the steps of

di sposi ng and curing the encapsul ant, nust necessarily be carsfddNegss in a
Cl ass 100 clean room subsequent packa@i ng steps can now, advantageously
be performed without the need for a Class 100 clean room In addition, the
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Al ternativel -the sem conductor, die with the encapsulant can be, wire. 6
- 6 JUN 208%™Bonded to | eads on a substrate to forma wire bonded
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100 clean room FIG 1 shows a sem conductor optoe c package 100
with as55 semicmndactorditi @050kaviag o plotolseheirers pbitien plom itherdo) A
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a substrate 135. The bumped interconnects 125 can comprise solder,
polymer bumps or nickel/gold eutectic, and can also include pillar
bumps such as those made of copper. The substrate 135 has an
opening 137 therethrough, and when the die 105 is mounted to the
15 substrate 135 by the bumped interconnects 125, the photosensitive
portion 110 is aligned with the opening 137. The opening 137 allows
incident light access to the photosensitive portion 110.
The substrate 135 in turn has solder balls 145 mounted on
external terminals 140 to provide external connections for the package
20 100. Typically, the solder balls 145 are eutectic solder balls. The
package 100 can further include a lens holder 150 mounted on the
substrate 135 by epoxy 152, and the lens holder 150 holds a lens 155
over the opening 137.
In FIG. 2 a process 200 for forming the package 100 starts 205
25 with the step of disposing 210 the layer 115 of clear epoxy encapsulant
on the photosensitive portions 110 of the optoelectronic dies of a
semiconductor wafer in a Class 100 clean room. The semiconductor
wafer with the layer 115 of clear epoxy encapsulant is then heated at a
temperature of 100 degrees Celsius for 2 hours, and then at 125
30 degrees Celsius for an additional 4 hours in an oven, such as a force

convection oven manufactured by Blue-M of the USA, to cure 215 the

. layer 115 of clear :epoxy. encapsulant.. Upon curing;: the layer 115 of . - .. .



15 substrate, 135 by the bunped interconnects 125, the photosensitive
portion 110 is aligned with the opening 137. The opening 137 all ows
incident |ight access to the photosensitive portion 110. The substrate 135
in turn has solder balls 145 nounted on external termnals 140 to provide
external connections for the package 20 100. Typically, the solder balls
145 are eutectic solder balls. The package 100 can further inrdl liNe08 | ens
hol der 150 nounted on the substrate 135 by epoxy 152, and the | ens hol der
150 hol ds I
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patent application Serial No. 09/843, 24
Semiconductor Chips and Method Of Manufacture”, and assigned to a

common assignee as this patent application, teaches forming pillar
bumped structures as described herein. These patent applications are
15 incorporated herein by reference thereto. Alternatively, other bumping
processes that form solder bumps using eutectic or high lead solder can
also be employed.
Typically, the semiconductor wafer is produced at a wafer
fabrication facility and transported to a wafer bumping service
20 provider’s facility for bumping. In accordance with the present
invention, the wafer bumping service provider can advantageously
dispose the layer 115 of clear epoxy encapsulant on the photosensitive
portion 110 of the semiconductor wafer, and then proceed with the
bumping process. Hence, after applying the layer of clear epoxy
25 encapsulant and bumping a semiconductor wafer, the semiconductor
wafer can then be conveniently transported and further subjected to
packaging processes in a typical semiconductor packaging environment,
such as a Class 5,000-10,000 clean room.
Packaging continues with singulating 225 the die 105 from the
30 semiconductor wafer, and mounting the die 105 on the substrate 135.
During mounting the pattern of bumps 125 is aligned with a

<. corresponding::pattern - of :pads:.120 . on the: substrate .135;. and.. -



Franci sca Tung, filed on April 27, 2001 titled "Pillar Connections For
Sem conductor Chi ps and Method O Manufacture", and assigned to a common
assignee as this patent application, teaches formng pillar bunped
structures as described herein. These patent applications are 15

I ncorporated herein by reference thereto. Alternatively, ot heé mﬁl ng
processes that form sol der bunps using 8utectic or high | ead” d bcan

al so be enpl oyed. Typically, the sem conductor wafer is produced at a wafer
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coupl i ng tlin@ldp:adBSQZﬁl thetdubstrate 135 with adhesive, where the lens holder
150 holds the lens 155 over the opening 137 in the substrate 135. The
process 200 can further include a step of disposing encapsulant on the
back of the die 105 to prevent damage to the die 105 when the package
15 100 is mounted on a printed circuit board, for example.
With reference to FIGS. 3 and 4, a process 400 of forming a layer
of clear epoxy encapsulant over the photosensitive portions 315 of dies
310 of a semiconductor wafer 305 starts 405 with aligning a stencil 330
with the semiconductor wafer 305 and disposing the stencil 330 on the
20 semiconductor wafer 305. The stencil 330 comprises a metal sheet
patterned with openings 335 that delineate areas around the
photosensitive portions 315 that are to be filled with the clear epoxy
encapsulant. The side of the stencil 330 that abuts the upper surface of
the semiconductor wafer 305 is coated with a layer of Teflon® to
25 prevent the stencil 330 from sticking to the semiconductor wafer 305.
Alternatively, the stencil may be made of non-metallic material such as
any high temperature rubber.
The stencil 330 must have a predetermined thickness of 10-15
mils in order to form a layer of the clear epoxy encapsulant having the
30 required thickness. Typically, the clear epoxy encapsulant should have
a thickness of 5-10 mils. It is important that the thickness of the clear

... €poxy, encapsulant is equally distributed; so as:not to-adversely affect



die 105 to the termnals 130 on the substrate 135. Sol der balls 145 are
then di sposed 240 on the external termnals 140, and the assenbly wth the
solder balls 145 is reflowed 245 for the solder balls 145 to nelt and
adhere to the external termnals 140, ending 250 the process 200. 10 The
process 200 can include additional steps for nounting the | ens hol der 150
on the substrate 135 with adhesive, whe®e the |ens hol der 163UhéIlEs the

| ens 155 over the opening 137 in the substrate 135. The process 200 can
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to prevent damage to the die 105 when the package 15 100 is nounted on a
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and di sposisn_g t ﬁe stencil 330 on the?s(z)ga?e:%@c%%%m wa gfr\s‘h%swtfﬁé

st enci |15 33priotmy ¢s estrausien aloagheetTheatich nhd stehbil GEMistidisin3gacehat

delineate greas_around the ot nsjtive portions 315 that are to be
filled wi tﬁ“’t ﬁSHHFQHB%‘B&ngﬁcgégultta‘ﬁt?‘emf‘ﬁé)ré(ihd%t%'f weker slenand 839 t hat

abuts the sppeil 880f A ®18Eed ti?etaﬁegq',é‘ﬁ) ttg‘%()&%fa?re@‘?’?% ieic%?ﬁh‘fr?zﬁﬁé“ié h a

| ayer of Teflon@to 25 preven e stenci rom King'to
seni-conductarediaf ertedBeratire ef 10 tel 95 ddgress Gelsiusfay Dperivdeofd to
non-nmetalljc material such_as any high tenperature rubber._The_stencil 330
nmust have %ﬁ’“g ] gaelfq;ﬁcg Necgon gvers mannaGtared sy Blue-Mimay | ayer
of the sl egg RRAXY encapsul ant having the 30 required thickness.

Typically, the clear epoxy encapsul ant shoul d have a thickness of 5- 10
mls. It is irfPoetcdedr ehahpshtanbhhalsnedswokisdosity! aad tlepexencieB3Ppssl ant

I S~. equalrll%l,g1 di g)ﬁri buted, ~: so.as.:not ta-adversely, affect 9 -6 JUN 2006
t he sol der n Rlacg. 4 thsshiFIRsig o gvatert AR5 s@hTingndirnessing 430

and curing 435 to prevent the clear epoxy encapsulant from flowing
away from the photosensitive portions 315. After curing, the stencil is
15 removed 440 and the clear epoxy encapsulant forms the layer 115 on
the photosensitive portions 315 that protects the photosensitive
portions 315 from contamination and damage, and does not
substantially affect the performance of the optoelectronic die 105. The
process 400 then ends 445.
20 FIG. 5 shows a wire-bonded semiconductor optoelectronic package
500 with the semiconductor die 105 having the photosensitive portion
110 thereon. As described earlier, a layer 115 of clear epoxy
encapsulates the photosensitive portion 110. Here, the semiconductor
die 105 has pads 505 suitable for wire bonding. The semiconductor die
25 105 is mounted on a substrate 502, typically with epoxy, and wire
interconnects 510 are coupled to the pads 505 and terminals 515 on
the substrate. Typically, gold wire is used in conjunction with a wire
bonding process as is known in the art.
The terminals 515 are coupled to external terminals 525 on an
30 opposite surface of the substrate 502, and solder balls are attached to

the external terminals 525.



opt oel ectroni ¢ package 100. Next, the clear epoxy encapsulant is applied
430 over the upper surface of the stencil 330. This can be acconpli shed
using screen- 5 printing or extrusion coating. Then with the stencil 330
still in place on the sem conductor wafer 305, the sem conductor wafer 305
and the stencil 330 is placed in an oven and the clear epox¥ ﬁnCE sul ant
Is cured at a tenperature of 100 to 13% degrees Celsius for a Bé od of 3
to 4 hours. Again, the force convection oven manufactured by Bl ue-M may
1o be used. Theyg I a Vi | gt |1 330
is held in pIg%ghgﬁé%ﬁgﬁggﬁghggﬁugi%Tﬁﬁg%%%(§§§q§tﬁ¥ﬂgﬂégé%%n§%§%£%%0 and
curing 435500 sinetenD2 hdtle|ther stgoxyf dispapiig 80U themaitov IR of asleyr f rom

t he photosensitive portions 315. After curing, the stencil is 15 renoved
440 and t HEPRFEafnEpBRIlantapsul Bt PhPhesensitivg apontigngn 1Geof the

phot osensi L-ONg: : pho ngitd ortions 315
from cont aé#%g%#gﬁérgggﬁ ggﬁg%,gg{{lr%g&gggg{oﬁﬂo\%g%srl}gségﬁ |S§I dydlglfeta‘glcfootrﬁé

per f or sancEhefsetiiconfiticedresiafenindtidithe 18per T8 ofiflesLepo4Pridiggamgs 445.
20 FIG 5 shows a wire-bonded sem conduct or optoel ectroni c package 500

with the séniheshBgatest adia tamperatiirgin ke prenoge haforactoponre 696 thio

t her eon. | ] | ayer ;11 ..cl.ear epoxy._ encapsuj,ates the
phot osens ﬁ?y\g g Sf[;{)éf '?) ﬁg%l%%i Oé&hg? %,nct%és LQ%P{?’C g;r}&lﬁ C Prg]?%%l‘ff‘s Cﬂggr’ p 505
sui tabl e fsgmidorrluxaodi wafer Then SSEFGAIHEICHRIcclsed 2RitHa &l rR% 6f 2
substrate 502, tgérpi cally with epoxy, and wire interconnects 510 are

coupl ed t Rdvasplygaiieoung tdne phatogansitve portionhé 16uby ttoatamingpiosadt v,
gold w.re } d in conjunction with a wire bonding process as i s known
. o déq:%%@ . .

in the art. termnals 515 are coupled to external termnals 525 on an

30 opposi te surfysieally, bifersths seatieohbact@ndaFer 48 pRAlucehe Rtdadened to

fabrication facility, the wafer is transported to a packaging facility,

which typically has a Class 5,000-10,000 clean room. At the packaging
facility, when the constituent dies of the semiconductor wafer are to be
15  wire bonded, the wafer is singulated 608.

Next, each of the semiconductor dies 105 is mounted 610, typically
with epoxy, on a substrate 502, and wire interconnects 510 are bonded
612 to connect each pad 505 on the semiconductor die 105 to a
terminal 515 on the substrate 502. The wire bonding process is known

20 to one skilled in the art, and will not be described further herein. Next,
the semiconductor die 105 and the wire interconnects 510 are
encapsulated 614 in clear epoxy 520, ending 616 the process 600. The
substrate 502 includes traces therein that connect to external terminals
525, and solder balls 530 can be attached to the external terminals 525

25 to facilitate mounting the semiconductor package 500.

Hence, the present invention, as described can be employed in wire
bonded semiconductor optoelectronic packages as well as flip chip
semiconductor optoelectronic packages.

The present invention, as described, provides an optoelectronic

30 semiconductor package where a photosensitive portion of an
optoelectronic die is encapsulated with a layer of clear epoxy when the

.. die is part. of a wafer. This advantageously allows the optoelectronic die




the external termnals 525. 10 -6 JUN 2096 Wth reference to FIG 6 a
process 600 for form ng the package 500 starts 602 with the step of

di sposing 604 the layer 115 of clear epoxy encapsul ant on the

phot osensitive portions 110 of the optoelectronic dies of a sem conductor
wafer in a Cass 100 clean room 5 The sem conductor wafer m{khuhgﬁﬁlayer
115 of clear epoxy encapsulant 1is thernniheated at a tenperatu é n oven,
as before, to cure 606 the Ilayer 115 of clear epoxy encapsulant. Wth the

protectiveyL }ﬁﬁﬁﬂ t . § ith a
reduced ri skgggu%%é\}g‘}%ei%; a e(k:l'tai %gldrﬁ%&%%%tad;ggﬁas%ib%?ps& ﬁ%ﬁﬁﬁgoﬁny
cont am natpackaging facilaypwgétholytpileaheyd fof heClakbe GRalea@nthsrhor wafer is

produced at a ,\yafer fabricatioon facility, the wafer is transported to a
packagi ng faci 1€ PTeSGRE dRVeRHPBathsrefers preyides & medod o0 PackrgHie r oom

At the packagi Ly, ot cqQnsti tiuent i f ] duct or
waf er are af[ﬁg lt())g’Q Oig&\?\n}é%;%o%%%(gg t%gdwglf 3#4‘% S %%I n@ﬁﬁi?‘gdttgg%bs}ﬁe%ﬁ?c ach of
t he sem comdircbaiey]i @ atOzast retuitesd thE0abbydnealionhedpirBbRIIAKYof e a
substrate 5Q2, and wire interconnects 510 are bonded 612 to connect each

pad 505 orPHAEaEkni conductor die 105 to a terminal 515 on the substrate

502. The w re hondi r 3 0 0 one skilled in the,.ar and
wi | not _be delgc%‘tl)ggb?urﬁﬁergcv %trégfnm x?,it%c{lfgl?sgﬁi%or%}fctB?rﬁlcéﬁ%ﬁ and
the wire igthbodineent 6f GThe afivereieAPhdsabeen 6ddsdriibeier! ®RANY watbusndi ng
616 the process 600. The substrate 502 includes traces therein that

connect t dnedifisations angi waprovesnentsiagndu gwdephy laspearoakillgd it thehed t o
th i nal_s. facilitat ting th i conduct
oL O HEhBL Rebartfz fré: it EShe of E RN Jehl T Conduet e, |

Wre



bonded sem conduct or optoel ectroni c packages as well as flip chip

sem conduct or optoel ectroni c: packages. The present invention, as
descri bed, provides an optoelectronic 30 sem conductor package where a
phot osensitive portion of an optoelectronic die is encapsulated with a
| ayer of clear epoxy when the die is part. of a wafer. This,

advant ageously al | ows the optoel ectronil die 11 -6 JUN 2006 L Je 2006
subsequent |y handl ed and packaged in a typical sem conductor packagi ng
facility, without the need for a O a4 AIMBcl ean room The present
invention therefore provides a nethod for packaging an optoelectronic
devi ce and a package forned thereby which 5 overcones, or at |east

reduces, the ab \iﬁf@% n SHE: : i rt. It will be
appreci ate 'tha@q al t ﬁ?gh&gtrﬁ%?/@%ke pa@%ﬁlggﬁgﬂﬂéﬁlﬁi ment of the invention
has been descrihegmivodehwitor diarhaviang aditist istafacnsvitnc phptosangtive can

be made by a person skilled in the 10 art without departing fromthe scope
of the PreBeffton 4ReFRBN. 12 CLAIMS -6 JUN 2006 1. A packaged

opt oel ectroni c geyj | SLNG; 1 C EgH | e i JLr

surface with a %h‘é%%g%ﬁg%’:ﬁteéﬁgagg}%ﬁ% ? rg%?\i;r (gﬁtragl?s{pé;c?vée%tlﬁgnﬁggsul ant
di sposed ophatsbesRvive poriiba; apldot osensitive portion; and a substrate

havi ng an openi ng therethrough, wherein the sem conductor die i s npunted

on the substrat®, sthstraiesthavitaan oppening 1themtheonglot sfhencdnadhsicent a
first surf ggﬁi@énéﬁ@to%‘”&i%t fsaltn%uﬁq?ehhoﬁ Qﬁe substrate, the first surface of the

10 semiconductor die adjacent a first surface of the substrate, with the
photosensitive portion substantially aligned with the opening in the
substrate, the semiconductor die further comprises pads on the first
surface and wherein the first surface of the substrate comprises
corresponding terminals thereon, and wherein interconnects couple the

15 semiconductor pads to the corresponding terminals.

2. A packaged optoelectronic device in accordance with claim 1

wherein at least a portion of each interconnect comprises reflowable

material.
- 20
3. A packaged optoelectronic device in accordance with claim 1
wherein at least a portion of each interconnect comprises non-
reflowable material.
25 4. A packaged optoelectronic device in accordance with claim 2 or 3

wherein at least a portion of each interconnect comprises solder, and at

least another portion of the each interconnect comprises solid metal.

S. A packaged optoelectronic device in accordance with claim 2 or 3
30 wherein the substrate further comprises external terminals coupled to

the terminals by a predetermined pattern of traces therein.




phot osensitive portion substantially aligned with the opening in the
substrate, the sem conductor die further conprises pads on the first
surface and wherein the first surface of the substrate conprises
correspondi ng term nal s thereon, and wherein interconnects couple the 15
seni conductor pads to the corresponding terminals. 2. A packa§eldiN 2005

opt oel ectroni c device in accordance wt v claiml wherein at |east a
portion of each interconnect conprises reflowable nmaterial. 20 3. A :
packaged ofpt oel &cpackagedevpirelentraniordianice ini tlocotdancd withercdhim ab | east
a portion of each_interconnect conprises non-. refl owabl terial. 25 4. A
packaged OWLGE‘FIQCE}}%W@rH@sg‘EYénWP A6t iRt ﬁu’éf\ggF %5 SUbSHR ei n at

| east a portion of each interconnect conprises solder, and at | east

anot her portion of the each interconnect conprises solid netal. 5. A
packaged oPpt oel Acpaockagedevptrelectrandcordimrice ini tlecordancd with3 cl@&@nwher ei n
the substrate f_urtger conprises external term npals_coupled to  the.
term nal s WRCECH} & e R Tade (RABFivest 215650851 SHEFaGh OPPYsites thenirshos 6.
A packageds apteel el Eon | dn ISV Efeih MRCERIARRE Felthifal] ALdToR (HESEESAG ! e
external termnals are’on the first surface o e substrate. 7. packaged
opt oel ect r snrfacdefitbe subsaesi@. dance with claim5 5 wherein the substrate
conprises a second surface opposite the first surface thereof, and wherein
the external termnals are on the second surface of the substrate. 8. A

packaged ogt oel gc I evice i r Wt J 3 i
conducti veg'depogi {3%81&?%6% s%g%eelé&orﬁ?ﬁﬁeg%% grl\rﬁ{al‘r’&}tC é%(%hﬁg?swﬁlgm \Mlgi[)ngcgaged
opt oel gLt r @ihicgeevdt@uttivecepodarcaedisposédion the external terminals.

0. A packaged optoelectronic device in accordance with claim 8
wherein at least a portion of each conductive deposit comprises
reflowable material.

15
10. A packaged optoelectronic device in accordance with claim 8
wherein at least a portion of each interconnect comprises non-

reflowable material.

20 11. A packaged optoelectronic device in accordance with claim 8
wherein at least a portion of each conductive deposit comprises
reflowable material, and at least another portion of the each conductive

deposit comprises non-reflowable material.

25 12. A packaged optoelectronic device in accordance with claim 8
further comprising a lens mounted on the substrate, wherein the lens is

aligned with the opening.

13. A packaged optoelectronic device in accordance with claim 12
30 further comprising a lens holder adapted to receive the lens, and the

lens holder for mounting the lens on the substrate.




wherein at | east a portion of each conductive deposit conprises reflowable
material. 15 10. A packaged optoel ectronic device in accordance with claim
8 wherein at |east a portion of each interconnect conprises non-
reflowable material. 20 11. A packaged optoel ectronic device in accordance
with claim8 wherein at |east a portion of each conductive %Ceymszm
conprises reflowable nmaterial, and at Y%bast anot her portion t each
conductive deposit conprises non-reflowable material. 25 12. A packaged
opt oel ect r dfti ¢ Aewiethadd facclordainge anvipdcldgidndptokisdthenic algvics ngea | ens
mount ed on_t Eaubstrme, V\ﬁer inthe lens is aligned with the opening.

13. A pack Ot YBPESIR ATE S§ERF €& in accordance with claim 12 30

hol dor 1o Thounc 1Ty LR Tene on hsorig: - e SEARE IR 3086 1995 RS, hoa”

hol der for nounti ns on the substrate. met hod
for form nphatgstisied poptioal efcan ayitockertorde scheicomdileost divv asilagnt he
steps of: a) dispasing at | east qne |l ayer of clear encapsul ant on_ at | east
one phot OE%‘?f’é‘i §VIEORBIGIto He SeHHCOREYRI HicohR Engdm ¢ & 8%k in a

clean. S r8pM ey LARTEALunLG SRILEARINGRAL I ichA gy Bada.L tapeen. and

b) flip chip nou e sem € 0n a substra pads

coupl i ng tpatiercoundlisgan tdrenisidbstorattRe dulisstsabstthd subswiaig lavingpeni ng
t heret hrough with the photosensitive portion substantially aligned with
t he openi ngPCBHE tiherstipeaugh eWHEAy ithg BRotesensitizenpagiien” sgbstaptiallyt o t he

erminal 5. offncd ABHIGM LBeFSE’ SAACML Lot Ab Rt BHEHRaP L Enk s

conpri ses e steps
10 coupled to the terminals.

15. A method in accordance with claim 14 wherein step (a) comprises
the steps of:
al) providing a wafer comprising a plurality of optoelectronic dies,
15 wherein each of the plurality of optoelectronic dies comprises at least
one photosensitive portion thereon;
a2) selectively forming clear encapsulant on each of the
photosensitive portions on the wafer; and
a3) singulating the semiconductor dies from the wafer.
20
16. A method in accordance with claim 15 wherein step (a2)
comprises the steps of: ’
disposing a stencil on the wafer;
dispensing clear encapsulant on each of the photosensitive
25 portions;
curing the clear encapsulant; and

removing the stencil from the wafer.

17. A method in accordance with claim 16 wherein the step of
30 dispensing the clear encapsulant on each of the photosensitive portions

comprises the step of extrusion coating.




al) providing a wafer conprising a plurality of optoelectronic dies, 15
wherein each of the plurality of optoelectronic dies conprises at | east
one photosensitive portion thereon; a2) selectively form ng clear
encapsul ant on each of the photosensitive portions on the wafer; and a3)
singul ating the sem conductor dies fromithe wafer. 20 16. A"‘ @ in
accordance with claim 15 wherein step (‘a2) conprises the steps 0

di sposing a stencil on the wafer; dispensing clear encapsul ant on each of
t he phot osé8si tAvmetiﬁ)qodnt acnerdance ngiﬁlhe:laimad@mla@sﬁhahhea sieg of

removi ng the stencil m t he wafe 17. A accordance w.th claim
16 wher o ntRETSHR (e TG Aneranalans wheacMasl TeEapETER Lt DOAS {he
phot osensi t C ep of extrusion coating. 15 -6 JUN
2006 18. A&%l?ﬁg%rslﬂrll&g%tg gan ﬂe%ﬁsqﬁﬁﬁfl% m .16 wherein the step of

di spensing the clear encapsulant on each of the photosensitive portions
corrprlses\Mige step of screen printing. 5 19. A thod i n agcordance with
clai m % whérei it I8EEY 05 By ASRBAABES Wl@h@l%%dé ghergn ftq;mﬁta TRIMPRECPads on
t he sem copdu eg; (gl% b2) disposing reflowable nmaterial on the termnals
of the substrat 3) placing the sem conductor die on the substrate with
the bunps blp abubiping tHrepadslewetid eemitsidattoratid; b4) refl ow ng the
sem conduct or die and the_substrate to formthe
disposing reflowable material on the terminals of the substrate;
b3) placing the semiconductor die on the substrate with the bumps
10 abutting the reflowable material; and
b4) reflowing the semiconductor die and the substrate to form the

reflowable material into interconnects.

20. A method in accordance with claim 19 wherein step (bl)
15 comprises the step of disposing deposits of non-flowable material on the

pads.

21. A method in accordance with claim 19 wherein step (bl)
comprises the step of disposing deposits of non-flowable material on the
20 pads, and subsequently disposing a layer of reflowable material on the

deposits of non-flowable material.

22. A method for encapsulating optoelectronic dies, comprising the
steps of :

25 a) providing a wafer comprising a plurality of optoelectronic dies,
wherein each of the plurality of optoelectronic dies comprises at least
one photosensitive portion thereon;

b) selectively forming a layer of clear encapsulant on each of the
photosensitive portions on the wafer in a clean room environment; and

30 ¢ singulating the semiconductor dies from the wafer.




refl owable material into interconnects. 20. A nethod in accordance with
claim19 wherein step (bl) 15 conprises the step of disposing deposits of
non-fl owabl e nmaterial on the pads. 21. A nethod in accordance with claim
19 wherein step (bl) conprises the step of disposing deposits of

non-fl owabl e material on the 20 pads, and subsequent!ly di spodi HY 208 ayer of
refl owable material on the deposits ofl®hon-fl owabl e material. 22. A net hod.
for encapsul ating optoel ectronic dies, conprising the steps of : 25 a) '
provi di ng 23waf&medmpt isiacgoadphoe stith ylaitn @Rt whkeeitr steipc(hjicesnprisber ei n
each of thﬁ}e\}il ur al it;y of optoelectronic dies conprises at |east one

phot osensi %teﬁér‘?'ron thereon; b) selectively formng a | ayer of clear
encapsul ant on @@%lasg{g Lhge Qﬁ%pgﬁ:@%}a{f&ve portions on the wafer in-a clean
room environnent; “an 30 cg‘ singulating’the sem conductor dies fromthe .
wafer. 16 6 JUNli2pehs23g A lagthasl cleaacencadpsalnti bh chai ph@®ssmsiBve st ep
(b) conprises. the steps of: disposing a stencil on the wafer; dispensing a
| ayer g cPdtOhicapsul ant on the photosensitive 5 portions; curing the

cl ear encapsul - I il fromthe wafer. 24. A nethod

i n accordance ﬁﬂngﬁgﬁeélggp%grgglgﬂﬁtrﬁ%%g@ep of 10 di spensi hg conpri ses
the step of extraisovihgcdsd stegicilFonAthetddr.i n accordance with claim 22
wherein the step of dispensing conprises the step of screen printing.

24. A method in accordance with claim 22 wherein the step of

10 dispensing comprises the step of extrusion coating.

25. A method in accordance with claim 22 wherein the step of

dispensing comprises the step of screen printing.




