WO 03/ 036715 PCT/ US02/ 31350 ADHESI VE WAFERS FOR DI E ATTACH APPLI CATI ON

FI ELD OF THE | NVENTI ON [ 0001] This invention relates to an adhesive and
bondi ng nwohB@3g7es use in the fabrication of sem conduct @cTpaokagss. It is
particularly useful in fabricating Chip Scale and Stacked D e Packages.
BACKGROUND OF THE | NVENTI ON [ 0002] Chip Scal e Packages (CSP) provide the
advant ages of light weight, small footprint, high density, and enhanced

el ectrical performance in sem conductor packaging. A CSP that includes one
or nore integrated sem conductor chips stacked one onto another further
enhances el ectrical performance, and reduces space and wej ght. [0003]

Sem conductors are nechanicallﬁﬁand electricallé connected to a substrate,

which in turn is cARIEIERMASEBBREOR RIEAGTEASH APPRIRASIRNi de  power sour ce.

The substrate can be rigid, such as a netal |leadfrane, a ceramc or a
| am nate, or it can be flexible, such as a polyimde tape. [0004] One

met hod of connecting a sem ¢pY@USE Pl INVENTROIFUDStrate is known as
Wi re-bondi ng, in which the sem conduct or cﬁ?p first is adhered to the

substrate witdoof| past e TaE invédtigh AMIRIH ¥e adibide bEsdntiRgmagbii e term nals on
the chip are bonded to active termnals on the substrate with a fine netal
wire. 1 WO 08408 &2lsbriealibh oS @baistor padkafds] Ithé sdriouiadpaldefyl inpast e adhesi ves
have been used nore often than fil m adhesives.. However, sonme CSPs are nore
successf ul | yfabeetipg ahip §calgdndfacked RiedihedP¥es because the films can be nore
precisely fitted to the chip configuration (x-y tolerance), there is

m ni mal | or no bl eeding of

BACKGROUND OF THE INVENTION
[0002] Chip chle Packages (CSP) provide the advantages of light
weight, small footprint, high density, and enhanced electrical performance in
semiconductor packaging. A CSP that includes one or more integrated
semiconductor chips stacked one onto another further enhances electrical

performance, and reduces space and weight.

[0003] Semiconductors are mechanically and electrically connected
to a substrate, which in turn is connected to other devices or an outside
power source. The substrate can be rigid, such as a metal leadframe, a

ceramic or a laminate, or it can be flexible, such as a polyimide tape.

[0004] One method of connecting a semiconductor to its substrate is
known as wire-bonding, in which the semiconductor chip first is adhered to
the substrate with a paste or film adhesive, and then the active terminals on
the chip are bonded to active terminals on the substrate with a fine metal

wire.



adhesi ve, and bondline thickness and bondline tilt are nore easily
controlled. [0006] However, the film process and equi pnent add cost and
i ncrease WoasM3&1ii me i n produci ng chip scal e and st ackedPchiysozssbe
packages. Sem conductor conponents are placed on their appropriate
substrate using placenent machi nes, commonly referred to as "pick-and-
pl ace" equi pnent. This equipnent is inportant for placing conponents

reliably and[oaosur at el Wistitiealg/pdste daraivet hivewabpied mslbftepment s in a cost -

efficient way. [0007] In one nmethod of fabricating a CSP using film

adhesi ve, a thdedlml adhgsicast Howevertsome GSPaprepnak edbcegsiutintbridatecled ont o t he

substrate, and |am nated with Rressure and heat. A sem conductor chip is

t hen pi cked- HEN9 AR@dpeshee ReGHENe Ams semhasmore pregisely fitasitalited to t he adhesive

W th pressure_ ang/or . h atI In addition . to the pick-apd-place equi pnent,

this method PR '9‘£§“°§‘8’§¥|°éﬁrarf°ﬁ' ef?a{?ﬂl“i'”ﬁ?dz°%ﬁ?dﬁ?e£f?ﬁﬁ ting equi pnent.

[0008] 1 angliigt Wk BOfhitehiReheds bid I ARBGR b¥Gaoy B ol @lurbisgpunched  and
d/or eat , en a

| am nat ed onto the substrate using pressure an

sem conductor chip is picked up and placed onto the adhesive and | anm nat ed
to the adhesive with pressure and/or heat. This nethod requires a separate
punch set fofooegich shapleweder,decférth pobesdisraed gqudpmeens parodoa angunch and fil m

| am nating equi pment. 2 WD 03/ 036715 PCT/ US02/ 31350 [0009] Stacked chip
CSPs can al sicleaseripesse ineth Pirdupino erescelg@ntretesied shinserlequi pment above,

al though the required filmmaterials may need to be different in thickness
and exhibit Bf ?Qﬁseg?mFPW@h%ﬂ”é’&‘%ﬁ%?g'@%‘?d onhRY IHPYRYS for stacked chips

entails pickjng- ac| . i Jmadhesive on the
subst 1 at o, - asun B BREpBE R e Gy [dieald SR BRURS
place” equipment. This equipment is important for placing components

reliably and accurately enough to meet throughput requirements in a cost-

efficient way.

[0007] In one method of fabricating a CSP using film adhesive, a
decal is cut from the film, picked-up' and placed onto the substrate, and
laminated with pressure and heat. Asemiconductor chip is then picked-up
and placed onto the adhesive, and laminated to the adhesive with pressure
and/or heat. In additié)n to the pick-and-place equipment, this method

requires special film handling and laminating equipment.

[0008] In another method using a film adhesive, a decal is punched
and laminated onto the substrate using pressure and/or heat, then a
semiconductor chip |s picked up and placed onto the adhesive and laminated
to the adhesive with pressure and/or heat. This method requires a separate
punch set for each shape of decal desired, and special punch and film

laminating equipment.



pl acing the die onto the adhesive, and applying heat and pressure. The
process is repeated, but in this instance the decal of adhesive is placed
on top owotobe3d7is st (nother) chip and | am nated, foll oweaCoyuspt/aisenent of
a second (daughter) chip of the same or dlfferent geonetry onto the nDther
chi p. The daughter chip is then | am nated. Typically"special film

I ami nating equi pment nmay be required for both mother and daughter chip

pl acement  apgobam nat Is@a&ked%lé&psldana@@b@%bnmédh@ﬂg tRMwadhesive filmis
| am nat ed di rectly to the backside of the sem conductor wafer, which is

t hen di ced i Method$ahdedqdipalentibege, atdugotté edquiest)firt Sakgalt yraiy c al waf er dicing
equi pnent. The adhesive remains lamnated to the individual die and the
die is now pheded bapiffarndt i@t%wsem exhibit [difercpifowrchpractedsitceinot her die in the
case of die stacking e die is lamnated to the substrate or first die
with pressuréh %WGP‘??F f"rﬁé?i‘t’ked'ﬁﬁip% CRHBISIREEING 0 ANt RIICNSHIRCRIAT i | m | ami nati ng
equi pnent as |, filmdie b n equi pment [ 0011] Despite

as. s
t he advant agglén% 1Y nqﬁd?luessﬁr?/t% af)%[?{m%gﬁ rgdnpdgs Catked (flnalnfjj CSPs, there is a
relatively sb@phd ine@Rlon&fRé Qnctile, %h@app@@&'f@%ﬁ%éggu@aﬁﬁ@g' ng i ndust ry that
prefers the process and equi pnent use or the application of paste

adhesi ves, dp@cés id Rpedtai\Bit iItORlinstRasBe @bcal bf@hesidts Gixcdloabi 1ty of this
equi pnent within the industry. 3 WO 03/036715 PCT/ USOZ/ 31350 [0012]

St andard pi clopafithefifsateoteguihpres©d tanfirsted. ®llovpdpa ptageraetiieta ve t 0o bond a

sem conductor chip to.a substrate first di spenses a paste adhesive onto a
substrate, t ﬁ%ﬁ?”%?dék@-t?]bc"é’ HereaRdr fifeedgepRetamighomeBet he adhesi ve. The

pl acenent st i.ch ubstra ests durin | ac rrent may or may
not be heated’ lDb e‘%@%@%ﬁ‘@ '3 %f)rf ?@fﬁ‘a{?‘é' hf’ e é&e%@mg '38%'”900I can be
equipment may be required for both mother and daughter chip placement

and lamination.

[0010] In another method, an adhesive film is laminated directly to the
backside of the semiconductor wafer, which is then diced into individual dies
(singulation) using typicél wafer dicing equipment. The adhesive remains
laminated _,to the individual die and the die is now picked up and placed onto
the substrate, or another die in the case of die stacking. The die is laminated
to the substrate or first d.ie with pressure and/or heat. This m:ethod requires
special film laminating equipment as well as special film die bpnding

equipment.

[0011] Despite the advantages of film adhesive for CSPs and
stacked chip CSPs, there is arelatively significant sector of tt:ne
semiconductor packaging industry that prefers the process and equipment
used for the application of paste adhesives, due to the lower cost, ease of

use, and availability of this equipment within the industry.



used to optimze the quality of the die attach. This type of equi pnent
normal | y does not possess post |lam nation capability and currently is |ess
expensi vewpDlan3déhe equi pnment needed for using film [0013PCThesopstssnt i al
for using the pick-and-place, heating, and pressure conponents of this
type of equi pnment to produce sem conductor packages, either with a single
chip or stacked chips, with filmadhesives -would be an advantage in tine
and cost. Thgo@xpensi veiauLae bick 8ldpiaREquib@sit FRULIRGp &R RMABE S are avoi ded,
and the operation itself takes less tinme. Moreover, a typical

sem conduct oto ypad kagmnkondoctoceisto bedrstraesirshaibgansel £pasg adbegpabi | i ti es, and
with the proper choice of physical properties in a film the dicing

equi pment coantd ajsebaletedthempidiscup adhip and Iplecesdhediinents the@dirdsitveappr opri at e
configuration. SUMVARY OF THE | NVENTI ON %%014] It has now been found that
fabrication oPeBaegsnbitads agmdigR e supsiiale edpdiwing PIREeBE BIRYPT shed with an
unsupported fi | m.adhesi r an__adhesi rte n_a rigid carrier,

s g ot andard B e BTl b e n RORE B U8 RN BRER R AGaEnEd P e Pt o
adhesi ve. Thi,sdiihY@MitedRe §aif oFBE BRAEDN ThsAREIFAlIARLA Sen conductor using
an unsupported fil madhesive or an adhesive supported on a rigid carrier.
4 WD 03/ 0367 A&mBilylddds0a/p3dstsdposDarhmklidnlapitHGRINA ELEB DR (d9sE | NVENTI ON [ 0015]

The unsupported adhesive can be any thernoplastic, thernoset, or
conbi nati on efpensier theapthasguipmenhceedbeionesittfimdhesi ve having a nodul us
hi gher than 120MPa and adhesion to a wafer dicing tape of less than 0.1
MPa. Suitabl e adhesives are epoxies, cyanate esters, polyimdes, siloxane
polyim des, gl gi m des . sl i 906%s0 13 Nek GoIBLOHL AN Ungt NOSE-

pressure components of this type of equipment to produce semiconductor

packages, either with a single chip or stacked chips, with film adhesives

-would be an advantage in time and cost. The expensive punch sets and

laminating components are avoided, and the operation itself takes less time.

Moreover, a typical semiconductor packaging process requires wafer dicing

capabilities, and with the proper choice of physical properties in a film, the

dicing equipment could be used to dice the film adhesive into the appropriate

configuration.

SUMMARY OF THE INVENTION
[0014] It has now been found that fabrication of a CSP or a stacked
chip CSP can be accomplished with an unsupported film adhesi\)e oran
adhesive supported on a rigid carrier, using standard die attach equipment
constructed for use with a paste adhesive. This invention is a method for
fabricating a semiconductor using an unsupported film adhesive or an

adhesive supported on a rigid carrier.



[ 0016] The supported adhesive consists of a rigid carrier layer coated on

one or both sides with a thernoplastic or thernpbset adhesive that exhibits
| ess t hanw.ok/0Bd?as adhesi on to wafer dicing tape. |If both ®Cdasozasss0 coat ed,
t he adhesive may be the sane or a different conposition on each side. The

presence of the rigid layer facilitates handling during cutting and

pi ck-and- pl ace and al so acts as a spacer in cases where especially thick

and controlled distapges adpeseaipricidobalreevedient wo bonded surfaces.
[0017] The rigid carrier can be an inorganic material such as ceramc,

silicon or ngoab), or amhe®ugapicitedradresivatandechy asrmpsplagiidg]i de or  pol yester,
or any conbi nation of inorganic and organic materials such as FR- and BT

| ami nat e boatr@rmoset.ad eemititredibn ofHieeroomastit Bndctberposétiaghasivainbyingsa a  nodul us of
120MPa and |l ess than 0.1 MPa adhesion to dicing tape. [0018] Wthin these
physi cal par Begtles igher than AgWRs apd adrgsio &t @ wafapiiging t@ee efressnsupport ed can be
handl ed by st{andar.d. equi nt used to handl e a sem conductor wafer, such
as, an appl i 5’?@3 ’\?%ar O#dﬁ%g‘?ga%‘ieﬁ'}“ﬁga;“f %Pﬁé'?s'ﬁyan(?fec?sﬁeés’83%{“"%% pi ck- and- pl ace
equi prent  (d A t lei - ' is applied to wafer
di ci ng tape E@?ﬁgﬂgﬁﬁﬂ éf@aﬁgﬁgg”ﬂ?%?%gQ?36%“3P3ﬁ$§§¥¥§% equi pnent. Then
the adhesive is sawed into individual decals, in the sane process that a
silicon wafer is diced. (This nethod has an 5 WO 03/ 036715 PCT/ US02/ 31350
advant age ov@o18lhe waf &nhe Hppdriddehdsamcorasistsari amgidlvadiesiayece excess handl i ng
and the lam nation of very thin, brittle wafers is avoided.) [0019] The
adhesi ve att 8edted & g9eof bathides witheHeergapestiraniiermoagt aghesiyedhaht t ach using a
typi cal paste bonf l@ghe i ve dec

. Th |0 i cked-up f th f
dl ci ng t ape SR 0" el e 0de BRI HE PRt o B9SPE 2| ami nat ed to the
substrate usphge PHESTMsRe HLY b theREAL or AuiftGEAGEBAFRLA bn Bh
side. The presence of the rigid layer facilitates handling during cutting and

pick-and-place and also acts as a spacer in cases where especially thick and

controlled distances ére required between the two bonded surfaces.

[0017] The rigid carrier can be an inorgahic material such

as ceramic, silicon or metal, or an organic material such as polyimide or -
polyester, or any combination of inorganic and organic materials such as FR-

and BT laminate board provided that the overall composite exhibits a

modulus of 120MPa and less than 0.1MPa adhesion to dicing tape.

[0018] Within these physical parameters, the adhesive, either
supported or unsupported can be handled by standard equipment used to
handle a semiconductor wafer, such as, an applicator for wafer dicing tape, a
dicing saw, and pick-and-place equipment (die bonder with heater block).
The adhesive is applied to wafer dicing tape using standard wafer dicing tape
lamination equipment. Then the adhesive is sawed into individual decals, in

the same process that a silicon wafer is diced. (This method has an



is then picked-up and placed onto the adhesive and | am nated usi ng pressure
and/ or heat. [0020] For stacked chip scal e packages, the procedure is
repeat ed wosisngeihie prior adhered sem conductor chip as tPeTas0%B13a0 € as
many tinmes as needed for the nunmber of sem conductor dies to be stacked
together. [0021] In.the follow ng Exanples 1 and 2, the film adhesive had
a nodul us higher than 120 MPa and adhesion to the wafer dicing tape of

less than 0 advalifage oﬂ?%e%‘férbé‘d’ksdjé‘lamm Betfodlifie BRdesSRAIdese criteria.
[0022] EXAMPLE 1: "A fil mthernoset epoxy adhesive (RP571-1 from Abl esti k

Labor at ori eshnd e @viitkich &322 thim bxttld Rafers ixadidel.) t hi-ckness sheet, was

| am nated onto both sides of BT |am nate board (M tsubishi Gas Chem cal
Conmpany, Inc. 8in x 8 in x 8ml thickness) using |am nation equi pnent
under the follow ng conditions: speed: 30.5cmimn. tenperature: 135F

pressure: 40[8i%6 WO Of§7“€)@4§‘?i‘5§ 4”@?*7 SREMedindhe HEINNGHRS A ani nat ed

dh h 224 d di d
T G et PRI = ShisplteRe B ST et ekl S HEEE, 1o (et ol Ioui ng
par amet er s: g&na}% wmg c%'angé%ﬁEmaée%mltﬁe SRE&ubSHOMY L pm feed rate:

2. 54cnl secon cut no cutting [0024] The di ced adhesi ve was tested

for ability fmidd@ds eassstete udhd bre@dbreEﬁEl@r B)aae Readesnd09r7did OC di e bonder
wi t h pi ck-and-pl ace
is then picked-up and placed onto the adhesive and Iamlnated using pressure

and/or heat.

[0020] For stacked chip scalé packages, the procedure is repeated
using the prior adhered semiconductor chip as the substrate as many times

as needed for the number of semlconductor dies to be stacked together.

[0021] In the following Examples 1 and 2, the film adhesive had a
modulus higher than 120 MPa and adhesion to the wafer dicing tape of less

than 0.1 MPa. The carrier in Example 3 did not meet these criteria.

[0022] EkAMPLE 1:  Afilm thermoset epoxy adhesive (RP571-10
from Ablestik Laboratories), provided as12 in x 12 in x 2mil thickness sheet,
was laminated onto both sides of BT laminate board (Mitsubishi Gas
Chemical Company, Inc. 8in x 8 in x 8mil thickness) using lamination
equipment under the following conditions:

speed: 30.5cm/min.
temperature:  135°F

pressure: 40psi



capability set over two trials to the follow ng paraneters: Trial #1 #2

pi ck-up z-height (m1l) 177 177 pick-up time (mllisec) 50 50 foil touch
time (mlIwo98m)676D O needle top height (ml|) 45 45 ej ectram/uver/gisso of f set
(ml) 9.8 9.8 needle velocity (mis) 30 30 success tines/trial tines
10/10 10/10 [0025] The test was tried ten tines for each of two foil touch
times, and was successful ten tines for each of the two foil touch tines.
This exanpl gosjons t hahe bhdaRER8wsNE was theRRRDEd &ito Bigh§ppi cked of f the
waf er dicing tape using standard pick-and-pl ace equi prent. [0026] EXAVPLE
2. A singl e [NityesP\yR2kyaidltjdee imo {riire moeddeblassinga Dis8®DABER X 30. 48cm X 3mi |-
t hi ckness ) was nounted onto Nitto SPV-224 dicing tape and diced into 4mm
X 6nmm si ze udicing mactiessedtofaiolmadiacagietersiwi t h a NBC- ZH 27HEEE bl ade,

spi ndl e speed of 30,000 rpm .and a f e 2.54cm sec. The dicing
conditions are: 7°%$5:03/036715 PW@%%%V'%%SO cut node A cut shape square
spi ndl e speed 32, 8bftle gpeed:wor k t 80.000mpess 7 mls tape thickness 3 ml| bl ade

height 2 m| feed.gpgagd O.5cn segescm/second

cut mode: down cutting

[0024] The diced adhesive was tested for ability to be processed
with an ESEC Die Bonder 2007 LOC die bonder with pick-and-place

capability set over two trials to the following parameters:

Trial #1 ) #2
pick-up z-height (mil) 177 177
pick-up time (millisec) 50 50
foil touch time (millisec) 60 )
needle top height (mil) 45 45
ejector heighf offset (mil) 9.8 9.8
needle velocity (mm/s) 30 30
success times/trial times 10/10 10/10
[0025] The test was tried ten times for each of two foil touch times,

and was successful ten times for each of the two foil touch times. This
example shows that the adhesive is capable of beihg pickéd off the wafer

dicing tape using standard pick-and-place equipment.

[0026] EXAMPLE 2. A single layer polyethylene (America Plastic,
30.48cm X 30.48cm X 3mil thickness ) was mounted onto Nitto SPV-224
dicing tape and diced into 4mm x 6mm size using a Disco DAD 320 dicer,
with a NBC-ZH 27HEEE blade, spindle speed of 30,000 rpm, and a feed rate

2.54cm/sec. The dicing conditions are:



Y index CHL 0.4cm CH2 0.6cm [0027] The diced pol yethyl ene was tested for
ability to be processed wth an ESEC D e Bonder 2007 LOC with

pi ck- and-woas@3eapabi l ity set to the follow ng paraneter ecTpisoksBse hei ght
(mm 6.00 to 5.52 pickup time (mllisec) 600 to 6000 foil touch tinme
(mllisec) 200 needle top height (mm O to 1.80 ejector height offset (mm
0 needle velocity (mms) 30 to 110 bondarm state park position ejector
state cali brat euh@bgght needl e state bottom position bond armz pos (mm
2.17 chip thickness (nm 0.17 needle type rounded head success tinme/trial
times 10/10 [O(ﬂgﬁ%agg(ANPLE 39%he same test was run as in Exanpl e 2,

except that thepindiespeadt e nd2e¢dram was a 5 m| silicone. Pick-up failed ten
out of ten ti Rk thBkAE, 03/ Q3ed15 PCT/ USO02/ 31350 WHAT IS CLAIMED: 1. A

met hod of fabricatjng a seniconductor package in which a seniconductor die
i s adhered to éapftfh'g'g‘reﬁste Q}FH' an adhesive film the nethod conprising:

blade height 2 mil
feed speed 0.5cm/sec
Y index CH1  0.4cm
CH2 0.6cm
[0027] The diced polyethylene was tested for ability to be processed

with an ESEC Die Bonder 2007 LOC with pick-and-place capability set to the

following parameters:

pickup z height {(mm) 6.00 to 5.52
pickup time (millisec) 600 to 6000
foil touch time (millisec) 200
needle top height (mm) 0to 1.80
ejector height offset (mm) 0
needle velocity (mm/s) 30to 110
bondarm state park position
ejector state calibrate height
needle state bottom position
bond arm z pos (mm) 217
chip thickness (mm) 0.17
needle type rounded head
success time/trial times 10/10

[0028] EXAMPLE 3: The same test was run as in Example 2,

except that the substrate material was a 5 mil silicone. Pick-up failed ten out

of ten times.



a. providing a filmadhesive on a wafer dicing tape in which the film
adhesi ve has a nodul us hi gher than 120MPa and adhesion to the wafer dicing
tape of |westobems0.1 Mpa; b. dicing the fil m adhesive onPdraseadsso di ci ng
tape into a decal; c. picking-up the adhesive decal fromthe dicing tape
and placing the adhesive decal onto a substrate; d. |amnating the
adhesi ve decal to the substrate using pressure and/or heat; e. picking-up
and pl acing a semgordyel @nvgh-€ onto the adhesive; and f. . lam nating the
die onto the adhesive using pressure and/or heat. 2. A nethod of
fabricating a senicongfepbosf fpmicktmge semicodductor packayentehiclod sem conduct or
dies are stacked together, the nethod conprising first performng the

met hod of cl aémicdndagtel dignie adiresgsia giswigptretgevithen gditbsive filgl. #iem 1 using the prior
adhered sem conductor chip as the substrate as nmany tines as needed for

t he nunber ofe¥BATeBRHEREt or dies to be stacked together. 3. The nethod

according to claim11 or 2 i ich the filmadhesive . | n unsupported
t her nopl astic or Fhé’rr%dé'?é’ta#rﬁgﬁ?gsg? °3%“ﬁ*§%'8 ga'gfei'ncﬁhd?h tﬁ?ﬁ@r noset film

supported on a rigi dadﬁ@sri\yei Hak a n’%dulus higher than 120MPa and adhesion to

the wafer dicing tape of less than 0.1 Mpa;

b. dicing the film adhesive on the wafer dicing tape into a decal;

c. picking-up the adhesive decal from the dicing tape and placing
the adhesive decal onto a substrate;

d. laminating the adhesive decal to the substrate using pressure
and/or heat;

e. picking-up and placing a semiconductor die onto the adhesive;
and

f. - laminating the die onto the adhesive using pressure and/or heat.

2. A method of fabricating a semiconductor package in which a -
number of semiconductor dies are stacked together, the method comprising
first performing the method of claim 1 and then repeating the method of claim
1 using the prior adhered semiconductor chip as the substrate as many times

as needed for the number of semiconductor dies to be stacked together.

3. The method according to claim 1 or 2 in which the film adhesive
is an unsupported thermoplastic or thermoset film, or a thermoplastic or

thermoset film supported on a rigid carrier.



