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1996. Fi e‘P’Q%ﬁ“‘t%ﬁe | nvention This invention rel ates gener aIPR? 10

I ntegrated circuit packagi ng nd ‘-l i

“

particular, this invention -

2 3 grid arr ﬂi '
erpl oyi ng & 11'ex tape havi nopersenperypreseppepsicaes ore- 10 AR
Description of the Rel ated n in size and an
I ncrease in sophistication of electronic conponents has driven the i nbbﬁ‘és?ry
to produce smallery Borf AR nhdHoRdhFaR Appfithtich 6. @8} 75918 filzaTe
trends have forced k?gcllgpdggéa%es t(()) Egl\jle snaﬁaer f(?gtpri nts, higher |ead
counts and beint¢ceaibec2yio®8l and thernmal performance. At the 15 sane tine,
these I C packages are also required to neet accepted reliability standards.
Wth reduction in device sizes _and correspondi.ng., ease in [
conplexi ty, integrated circuBAGRRRQUND QFTHEINVENIION haye mmmmw“mm""“”m
footprints, higher |ead counts and higher electrical and thermal g«
performance. At t h8.R3Fhd |Emidt €9rated circuit packages are al so
required to rrleet am—ﬁil“_laﬁlity standards. 20 Ball grid array (BGA)
packages wer e deveThipanehommédiest denedtipanthiégrated virady pdckaging randimorpackages
havi ng hi gher |ead counts and smal]er foQtprints. A BGA packagj{eh IS
typically a sgefeallytebsliendarays chmpasugudar, thiy ipyentipn;rlatqsdo p Ghip sseleddllanay

f | d bal | s, ' - fo 4 1 nal
ar o desi gned 15 BEY Ao AbIGHAS WA RSPl dnch AR RRE SAR0n SRR °n (e

surface of a 25 printed circuit board ((PCB) or other suitable substrate.

Recent | y,10BGR. packpgesiptiay of fhe ReldiebAitcat ed using a tape aut omat ed bondi ng
(TAB) process and flexible circuitry (sonetinmes referred to as TAB tape)

whi ch typical |y cofhs damangffordmdustiarn iacizs apd ap ingsgase posqphistigationfst r at e.
El ectrically conductive |ead be,lam nated on one or both sides,of the
TAB 1 ape. Thi SHaRt Coffbprifihat Byeips SEhA8L BpPl Ml B BRI | <
comonty 1 ef Ghiepehuddeifti (TACTRE shrhBFds ave Forl B PRKag 1010 Ghilfd L1y
on the tape has | eads which are connected to a sem conducfor die through

any of the cdievowpninisohighenisath oaimtsarshbestst elestacal and ithregmal perfommenceprAtgbe on
bonding, aor flip chips. |Lf. the circuitry i.s .present on both, sides of .the
Done "9 o3 | saifh e s G gt ek s bR e s RIS FHHBbII SRS e

llayer of circuitrywif R89%idR%in device sizes and corresponding increase in circuit

bal | grid arrays. In

"
-

complexity, integrated circuit packages are required to have smaller footprints, higher
lead counts and higher electrical and thermal performance. At the same time,
integrated circuit packages are also req'uired to meet accepted reliability standards.

20 Ball grid array (BGA) packages were developed to meet the demand for
integrated circuit packages having higher lead counts and smallef footprints. A BGA
package is typically a square package with terminals, normally in the form of an array
of solder balls, protruding from the bottom of the package. These terminals are
designed to be mounted onto a plurality of bonding pads located on the surface of a

25  printed circuit board (PCB) or other suitable substrate.

Recently, BGA packages have been fabricated using a tape automated bonding
(TAB) process and flexible circuitry (sometimes referred to as TAB tape) which
typically consists of copper traces on a thin polyimide substrate. Electrically

conductive leads may be laminated on one or both sides of the TAB tape. This BGA
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For some applications such as portable el ectronic conmponents (cellular
phones, disk drives, pagers, etc.), even BGA packages are sonetines too
. large. Consequently, sol der bunps are sonetines deposited directly onto the
surface oW@#918699 t sel f and used for attachment to the PCBF 636#‘!?6%?‘577
referred to as direct chip 10 attach or flip chip). However, there are a
nunber of prdﬁ:bﬂgeriscmolya‘c@uedmhsaﬁhw BEAr@EEA). Hhras'EBGArdesige.phsi ti on of

Cypi cal Ly netieaes g 6 REBS edS MG CBRHE 14 § PPraemsbttor Sl achi eve
accept abl e rg) g éﬁ‘lﬂﬂé éC{}]’IX’ cfnlal fkihBd$ oﬂ R\}n%ctﬂ)nﬁ Hbo tﬁgﬂqréssfbrﬂ%ﬁmn]g I's

required tor uce t stress 1S caus ow t her

expanSI on ofordlip chipgi Etheb@éU1wﬁlstm'e§ehEOﬁ bathRieb ysfmactﬁpehelghe:balgxpanm on of a
PCB ("thermal m smatch stress %&) osition of this underfill is a costly
process whi cqvnéuqtmgn\a@%@ax pree ﬁhrmtg?x thetape flerkoneHay s Ghpiseiany to amik&quent | vy,

1 any def ect s B hopfialBh kb, ORAH St DEAK Ml celfardddreos -

concerns associ ated ces ng, SST0F 220 BGA

packages havghohes @iskeiRles)Ragers, 8.3 wE@BG%acB@bsﬁ?&mM&XO&ﬁré&f erred to
as a chip scale ball grid array or a chip scal e package (CSP). scal e

packages ar eConsequantlydsaides umps aressomstinies depasitgbdisectly dngo &mwrf@ne rannot
much | arger an he |IC it f. In a,chi cal e .package, sol der
bai 1t or m nalCobfang e Bor Bhadenh e SRR cnu SR S RS R T
order tq gr g;‘é{ﬁéh BAf ¥® 'H&wevepﬂﬁerééﬁ%ﬁn&fr oﬁ?r%%leG%Paskéclﬁedf’{vﬁﬁ WHG

devel ope TESSERA cal’l ed " GA. " This product consists of

fl exi bl e ci rapprdachi Firsrat}fecﬂepommmpbf mlder(bhldassrtequms dmymber@ﬁcosﬂlyqxsd)@wr pad)
between the die and the circuit. This elastoneric nenber consjsts of

pol yner mat e¥FR8 4n addiHomdt ityRigallyenespssatydo dgpasia pajymenmderilh beneath aliy

mls) thick f I n ellablllty
by mi ni m zi nté) %ﬁg?ﬁé@%@%bﬁl%ﬁ%ﬁ (l:tﬁ @'ﬁ fﬂe]{ssetrhbde%ﬁecfe? ﬁ@?Engdl—l:rH% % SPCB
wi t hout t he. reqeiesli toaedwenbeimal gregn déidhi ik bausvdsyuﬁllow-taennaDe:ébaAB&x 3fa2 WO

991 18609 PCT/ US98/ Qz177 Al t hough current chip scal e package designs offer
i mpr oved Sboadig redpriveetohe typicatly WCbmk@a@@mlog 9f$3€@ hﬁ@malaaxg@mhy t hese

products suffer [from a.nunb tcom S 0{5\5 f| cul t
Do T ind o sutteas e DEPEYPT B hisdoaBitlf & GRPk ot WHich ALl 3Pl o
| ow moi st ur ere%ﬂ@métdo%onérﬁwc‘é%&%é&lyngf angiefdcharo faiat) 4 valudtle PEBhREAN

cl eani ng sol vents comonly used in the industry. For exanple silicone is
known to brebktioown ottt h sone typically used cleaning solvents, and poI yner
materials in genera noi sture. |f noj st

absorption is t ooIr l %ng%bgﬂgggﬁ%égééa gﬂ&géigtcﬁlpsprﬁfﬁ%‘f‘&raélog’tﬂ Flagy w
B g S 45  CODN AL a arn
mat eri al s i nasa thpecaan talbgrd areayt sraggiepl scale package (CSP). Chip scale packages are
so called because the total package size is similar or not much larger than the size of
the IC itself. In a chip scale package, solder ball terminals are typically disposed
underneath a semiconductor die in order to reduce package size. ‘One example of a
25  CSPis a product developed by TESSERA called "MICRO BGA." This product
consists of a flexible circuit with a soft compliant elastomer layer (or elastomer pad)
between the die and the circuit. This elastomeric member consists of polymer
materials such as silicone and is typically 125pm to 175pm (5-7 mils) thick. One
purpose of the elastomer is to obtain suitable reliability by minimizing thermal
30 mismatch stress between the die and the PCB without the. need for expensive

underfill material.



'withi n the die attachnent adhesive. Voids may then be fornmed when tt“‘% APR 2032
trapped noi sture expands during board assenbly heating operations,

-typically %de“rggogcracki ng and package failure. Fornation ofp&trobeswaids nay
be particularly acute during reflow attachnment to a PCB. T 1 ~ Anot her

significant chall ' I ' ' s for
attaching the el a?pgﬁ’él F@Tﬁ%gHP%@eﬁgg@éﬁgggg?ﬁg@égwﬁﬁ%%&ggyed IS
to pick and phikesidy Mmalcasesf spefdce Moumt dsssthbly dthabe protiess vufferdramamnbsibernet hod
involves screen printing a fluid polyner followed by a cure. In either

case, it is dfshortapmingso Riesbiit isefen difficult & Bndasuiabieelastomgr material which
application. Yet another concern is 20 package flatness. In.a typjcal CSP
desi gn. 1t | <SRG PHYS Rl eineRtre fronra I Sreprits €€oss 1 han
25 arm (L Mgy tPw s”‘t{ﬂ{decléﬂﬁﬁg iVentPbdifmoRB dstd GPiMefdustrye FOEB MG,
reflow. T |salevel of flatness or coplanarity may be difficult to achieve
with soft polsjiimene sridioeinas berakdown mathi salre typicaliyn bsedideadingSaledntsyand f a di e
is not adequately isolated fromother parts of a package,_ premature failure

of sol der balRolyrpgripaienialsingsneraticnd 4Q,absorb aEPHERs WPISBES HaRSWI®d bet ween
an assenbl ed gli : t ] 1 e liLt | 2N
Gosi red to nduiaantisto ik Bl oupiiined] o Fdiithe o BTN remideriiredif

equi pment  curdagsd Voidsaysiferins af cdmpoasst inteefatdsi mdevsh barsting bDthe packagex &Fopl e,

| ead frames for quad flat packs have typically been processed in strips of
four to di0ghtexamples moguurpmaytreleasscrom 20 $naipdals shetappepd peeamg sapredy e

| b d i p f t. f handh i t t nbl
b ocese. " suon L thsidie BldchenCiRELiv  VgfR ey MR K Bohmied S MnicYErET O
used to feed AssRDEpafdidURIIBHoatddsséthbly HehfsglopethtichsPOPRANY causing

over nol di ng/ encapsul ati ng, solder ball attach, and ot her processi ng steps.
Al t hough sonecracksednderaskageyfaitizsi Fermaiopaffsochnveidemay bepapintaslyiacux reel to

reel fashion, K many refer the nventional strip format. However)
convent i onal ‘t%’lﬂgd%@‘?‘éﬁ‘gacgﬁ’ﬁpbﬁ?i%%égl astoner pads |ack sufficient rigidity
for conventional sfkdiiRerf SR ' ' bhd w.ce of
rigidi ty.%For exanp %d,?ertb [ ﬂfggﬂ%zﬁﬁ%ﬁ %&%\@E@%%J%%S%g% %&gﬂéip ﬁrr)gty%l
frame adher edbot attdchingahk elastemigetoahe fles tapep Gafe Methdd coramdhlyosshslbyedisftor mat
processi ng. The use of such frames is not c i .and adds to the final
cost of a pr cRitkandplacealestormer nads epwdadividuabsies véitierapothstmstheddnvalyes
conponents in pe.. I I S, | . j t.i.onal
tops to att asteh L OERTRIAREERIBNS BD o NShe. FHGEHUSE This ML %0

al though st ripedt@id@ght RélOaAcE régLiftdSof ¥ ESPaipblicAiRAN Y& afothér conbérags at ed

circuit packaging, no convenient strip format chip scal e package design
current 3 stpackage Ratpess. loSPypies] GRE desipndt israsiticpltbiat the packisge fAlatessect | y

| am nat ed t [ it d ] duct di i t haut ' 5
adnes ve i n airoBrre) vee RRTRSEE Ut wmmie i R foidfh b e e e
However, thesg,f&efignS ThlslkVel GFﬁ}gﬁxHisf&rchralﬁﬁPi@hﬁinPé digfiduPS® aehidbt G4th sefid do

not possess sufficient rigidity for stri ormat ‘processing. In stilt other
CSP desi gns, palgiheamdtdiastonkot/Amatemids Bivivitldhly uset CRMalY AR aldid\is noa addqlately

adhered, direct]y to the surface of a flex circujt w.thout .pol yner or
el ast oner padl.SO*P?%isfmﬂ piacE pts Qf gRackpse, PREEBHIF Eatluge ot aldar vaflionis mess
conseque Y, i i I I i £ eV he -
r equi rednirfiel i% ﬁ?ﬁ@ﬁé%%ﬁg%&%& n{etgehﬁhng%gh%l onc?lglg?& ﬁg‘gﬁg"‘geh c(i)lund
t hat noi st ur eaf 7 eirouptdogider materials enployed in this design outgasses
during curing of the die attach adhesive, causing voids in the adhesive.
US-A-5 674 785 di sHiinefzen dasired ochangdle IE€ paskagegdn ssipfprmatisincg s greatdgalafed
circuit having at |east ane elegtrical contact. sit.e central i sed on a
First side. of afibmpfititrAbedef firepling BRANheitaitacPa Smale SR ud ng
an array of effGuhd A& packd RIvEWPI8ATShech phieded!iR ¥8ips 38 fdlr % SightuMisane as at

| east part of the supporting substrate. "US-A-5 640 047 discl 6ses a ground
pl ane el e3f ri EkastiyBEGduprckages and beme TB&ik packages havaialsodeen prodacedintseip

surface of the supporti ubstrate. Conseguently, eed exists, for a | ow
cost and solv aF ieﬁyg%f‘alﬂﬁ ﬁ%“@lﬁg‘l the E)%E‘E‘gl;}'epr\% sé-th step§ Wi?@?ﬁ‘ mto
coplanarity, and which does not suffer fromnoisture and thernmal stress

rel ated problens. A need also exists for_,a chip scale package which may be
easily produced in strip format. 0 4 APR 2~0 WD 991 18609 PCTNS98/ Qz177
SUMVARY OF THE | NVENT10N The di scl osed net hod and apparatus relate to chip
scale ball grid arrays for i nteerated circuit packaging. These products
may be used to provide | ow cost chip scal e packages that offer inproved
reliability and which facilitate processing. 5 In the disclosed

enbodi nents, a nonpol yner |ayer or support structure is used




bet ween a sem conductor di e and acconpanying circuitry. Wen enploJ%ﬁ A%% ),
support structure, a nonpolyner |ayer nmay be used to provide a
- substantially rigid and planar surface, as well as to separate or decouple
the die froma substrate such as a printed circuit board (PCB). In a

typi cal embodi m.%”% h"a‘?e &%g?or fg@é gssgr%xglgghpgm%& f‘SPB ed el B6riathe”

nonpol ymer suppor ruc ure” an ace nt's o a chip

package assenbl yva‘rmbldmgvms;ﬁelaﬁﬁg,abmctkmahcmm dtherfpusdebsiig sfﬂ@@omlh&lg&h die
and substrate. Ry decoupling a die and substrate, the nonp ole‘){‘lrrer support
structure reduc&ane HePmblers gy esire toperpmbthessPrasspiss i a ielitn sqel faghips, many

nonpol yner i c, fH %g:gfrqgé %v%kﬂﬁ%ﬂ %&ﬁné:“@i%%@ers&fn'd%f%ﬁ (?ﬁﬂde@xgﬂé els

substantlally e e nonpol ~ support struc so offers
sufficient rigidmplpying ebdsioaisr pzfdseh@katxﬁ‘uhem rigidity fop cooestsonabstip fainai p

formats. When enpl oyed a a | ayer .that is thi d | ess ri gj an a
support struct uPEFaREr! B%fﬁ@?‘omts‘é‘t‘rfz%?tj%ﬁi‘fg t'Qr § ﬁigta%%
elimnate the feyEROFGAR! desng%'eﬂfpioy%mal fRR%HNd (4 odt& erag@opasmﬁaf this
invention is a package for an intedgrated circuit including an

i ntermedi ate ci patstp aHawusng fann@proayssmg dhhevserafsadh ﬁrmM@ntmmemtesleamdat
| east one nonpol second.sides. .The first side of
the nonpol yror Pap tedtE] solfehHg s sl S FERPRuR e RerA e reu st “and
the second si decehpddRftsionppe ﬁﬂ?&éssin@)ﬂ%lgm 35 Slell W€ tedtiinds| adigiond s@ps foQtthdie
internediate circuit. In another aspect, this invention is a nmethod of

form ng a packaged weawvaﬂxezfameﬁﬁé@rrgamre@sene cTherefpigcalthapghystip formaiegsacesging
providing an '”%E d@ggm eﬁh&%%imle et e Oﬁ%ﬁg%o%m%%ﬁ{%&?dma

i nt erconnects, Iea one no I"ayer "having a first
si de adapt ed forc:hx$tscalcpaukagc desigpurrgnt existan i ntegrated circuit. This met hod

al so includes the st of ructurall up)J ing the second side of the
nonpol ymer | ayer to f’ﬁ%‘ rﬁséa ‘#%@P%Fk‘é B"?dlts ee, dinertly daminated togircuity; o
invention is an,gh &otifeHaucoPREKRWout BGHY ByES oPadhk & a8 eFBR %o DRNIAS vBid
patterned conductive layer and at |east one patterned dielectric layer. -5

0 4 APR 2~~2 WOI@8ialigs 0rdpeiyelassy. Cquwé?chhl@S@é@I@getllhmsbsuffmIfnqmetberatal | east
one nonpol yner st rugture. havi ngJ |rst cp fsrsn?go sides. The first
ur

side of the supﬁgr? Pé‘ib#ed%fta“ 4o ngt REPIR PHPSFTY 8D PRPREER si de of
the conductive | ayer lroimtchﬁerfds&»@ebﬂgﬂs tsagheas tlidTI'Em,QS MesTRYPMBNTS MICROIVent i on

is an el ectronic _package, including a patterned
STAR BGA," an IC is adhered, directly to the surface of a flex circuit without a
polymer or elastomer pad. This structure does not decouple the dle from the PCB,
consequently, an expensive underfill material is required to achieve the required
reliability in the solder joints. In addition, it has been found that moisture from
polymer materials employed in this design outgasses during curing of the die attach
adhesive, causing voids in the adhesive.

US-A-5 674 785 discloses an electronic package comprising an integrated
circuit having at least one electrical contact site centrally disposed on a first side of the
integrated circuit, and an intermediate circuit including an array of electrical
interconnects, a metal layer as a ground plane as at least part of the supporting
substrate. US-A-5 640 047 discloses a ground plane electrically coupled to the
integrated circuit and on an outer surface of the supporting substrate.

Consequently, a need exists for a low cost and solvent resistant chip scale
package which has sufficient coplanarity, and which does not suffer from moisture

and thermal stress related problems. A need also exists for a chip scale package

which may be easily produced in strip format.
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5 conductive layer having first and second sides and an outer | ateral
boundary. The conductive layer is patterned to forman electrically
- conduct i vewroesg; ?gb phaving peripheral conductive features di speyasgonwmd a
circunference of the outer lateral boundary for electrical connection to a
sem conduct or device. The pacgyggﬁgpﬁﬁ%m@m erned dielectric
| ayer having first and second al 10 boundary with a
snmal | er circunf er ghedischred ieehodi anduppLrars eelaefto thip spat ball pad agaysdfoet i ve
| ayer. The dielectric layer is patterned to forma plurality of openl ngs
ext endi ng t hiwegshtedisircuit ppakeginge Thasaprodugts may dems tomﬁ@w%éw eRsschiBi ng
configured to recejve r_bal | firs he conductive |ayer
is joined to ‘Eﬂ%pgcé(@g?fg‘h o(fgerbxpp{cwgd 5%@53& W%wﬁg@;g?m@%{c&{gfesgﬂ% plurality
of openings in the, %c’f‘dﬁd?ésreﬂ%n{bﬁﬂﬁﬁcxﬁ{ @ nbApAly P RYeVbrislpsdrt StArtire RAlskd Of
the electrically conductive region of the conductive |ayer, and so that the
peri pheral cdadeehiasemi@atuctesdiefand Iaex:ompadumgwuemhayék’hmmmdydda;mnd t he

outer boundary of the dielectr rrber Al 'so provid IS a s 1y
ri gi d nonpol PHRROTSHIPISBTE: as‘i"i“@@t AU MY bFl“F%‘{)toeﬂﬁﬂ"'g%%\‘thaé’PG’i’é“g ri’&g
having an el ??Jnhf?sm’a@&”dﬁxéegf fs%%épa&ﬁi@%r ﬁec%% the &8 fidhita sfMrale! £u%§1 Lde of
the support structure is structural Ied to the second e of the
conducti ve | gy@ted cieeit boardt(PEBY 1A t}@x@eambomdmt adhadiveimaterials &*cralmt urally

coupled to the second side of the nonpol ymer support structure. The
sem condtBt orcmé%eéémwnmpalymeaﬁmwtwm& and adjacsnt omponents ef a glip wit h

t | t f. t t.h
eri phoral | ool BEGES FeRPhale BirmBRes  afelibirt 4R uRReeEud s ing,
sol der bal | s sapgradh. S@@&%uﬁ@ng)@die%dfshbﬁia_tes méendhboltyhﬁr %ﬁoﬂcshhbﬁré ayer
with each of the solder balls positioned in one of ‘the plurality of

openi ngs i n trbduicds dicovalrsiress. Besausgrtble slp@ortrsirueﬂurq/ls oonprdyrnenik, tvoidt dneation
conductive I‘%%I on of the conductiv I(fé BRI EF ([%E CRI PTI OF THE

DRAW NGS FI GPE1v6eg By 34Ppad SUBpreAng 2 i iy substanually shimgpated. PRE chi p
scal e pagkag il

or os5- oct oﬁgﬁ&ﬂﬁﬂgﬂﬁ?&F?ﬁf%“*ﬁﬂgﬁﬁfd@ﬁv%‘ﬁﬁgéﬁtﬁc&“‘c PSSR e
desi gn of t hetur foomaar tWhdn dapl8yedsasa byn&hataeﬂnmnmhd leeprigid elnincdt supporof a
chip scal e package design according.to 'the dlsclosed et hod and appar at us.
FIG 3Ais a MR eyt nmﬂymgwggréﬂtaats o substangally Aaminglf the &rmrionatkage

desi gn accordi sed net hod and apparatus FIG 3B is a
Cross-secti oﬂgrﬁrgrg?eggth?}?ﬂ(%% of another chip scal e package design

according to the dheftkasre, it ineénddtlisanekailesr aninfegratéd ¢ifcud including an
Ccross-sectional g)r esentation of anot her chip scale package desi gn
accor di ng0t o intefrgdiatic SHEes bmvmmmmamﬂeleqip@al antersonipects, and pt Iegst@ne

cross-sectional ent at i.on ot he a e de

SCoording t o Tonph SR BERLBRR R B Heand fich e B SR Gorpoly
Cross-secti onabernﬁﬁm&ﬁamﬁéémd zbltyéhﬁ@gtrate&mlram AHAlthO@8kcohd ﬁﬁ@@ﬁéh!e layers
to a thin nonpol yner material according to the disclosed nethod and

appar at us. Flm@npslyirer fayeos subewrally coupled ¢¢ thefineongbiaty oicuitat eri al that has

been | am nated w th adhesive aﬂmMChed accor dj to, thg scI osed net hod
and appar at us. FI GP3§other aspe o158 Hﬁ?‘“gﬁé’é? 3(8F forap 5 th

| ami nat edhsf | exebidt I
FG oA e a Tepii ﬁﬂé"“&% SRR o P aipe of SRRt By AR ARRAE 3
wire bonded dirmyadfelecticabintercdrineers Chrﬁl(iﬂrmﬁdaglmldaﬂcbnamdnpdlpméﬂhy& hatinga 7 is
a cross-sectional representation of a chip scale package strip
first side adapted for structural coupling to an integrated circuit. This method also
includes the step of structurally coupling the second side of the nonpolymer layer to
the intermediate circuit.

30 In another aspect, this invention is an electronic package including a flexible

tape having a patterned conductive layer and at least one patterned dielectric layer.
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‘ positioned in a fixture for bonding according to the disclosed net hoé] lflalrﬂjR 200
apparatus. FIG 8 is a cross-sectional representation of a chip scale

. package stri [tioned in a fixture during overnol di ng acgepAlcsdni# the
di scl osed Wé??{gsga%nd apparatus. FIG 9 is a cross-sectional F?‘éprbesent ation

of a chip scal e package .stri i ented die-side upwards on, a.fixture for
encapsul at | oPeEREEREs AT iBeugdtat InaStom nonp D RRRl SbRare pldne fistand 7| g
101s a CrO%Eeﬁﬁcsﬁdeen%emrsﬁﬁ%&ﬁég@Boﬁgu@ctﬁmpL&ﬁ&&aﬂgwuae&ik@m@ackage
according to the disclosed nethod and apparatus. FIG 11 is a

Cr oss- sect i aeadndrsiqer eftbetatductivedlhyer afthepfledble¢apeackage according to the

present invention. DESCRI PTI OF SPEC| FI C_EMBCODI MENTS Flg 1 illustrates d
conventional chi 3“&‘38‘ rﬁ&ﬁ%%é“i“f?f‘@@’? 1 A0FIRSORLS Rackags, Higiding ? gAteRasA ng an

el ast oy, Padodfdlk 1681 pRRHIRRR Y SERhE ARELAOIn Slis: h2rABdubal PTRES

flexible circurt stoner pad 10 1s often app as part of

a tape and reydinaive laehésspaverned ye forfrfarsdlectdciigtondudtivgaegiad haviaposed on
each side. A two piece tape is often enployed, although tape having three
or nore | aydtesiphergl canducthe feafrgs dispospdaronndripdrcumferepreefcthe puter aterak r cui t

t 18 i ttach { l.ast . | Q hesi 1 i | ud
barter ned i BEHY Ter SRR EPIFEBR & 4 renyoRlBY fies MR padaBERse.q " 19°° °
conducti ve |igyafesklpatdiried diaéd@laytr RelasfirdCar dPae8bivd diflesPdHdl 4 outér 18] be

absent and el astoner pad 10 applied onto a tape 18, such as by screen
printind0 ' Thewngdargyatlf 2 snalisr eircwpferarge thap thecirenmigtence of theypattpined by

| ati t,t i uct i tal | 1 di t.l to,
Gi ol ectric TRt TENeE e e aticdpUr opariipae Tt p BRI SY OEHEEY | ve
plating or plal; cﬁfgﬁ?hé@&l@%%-laﬁ?ﬂ?ﬁ!%dc\ﬁ%f i, en?n]gs!béilecggoﬁflﬁgurea%

exanpl e, by sputtering conductive netal directly onto die | ayer 20.

Di el ectri c |raysve 26older fadt (Tae mest sidet df thpamidnctive(layenis prnedd thosecand side i ng

sol der balls (or bunps). 1.1 so that sqlder balls. 14 nake el ectrical contact
with patter dhe dielesirc lgerisayhat theiplumelitysof ppsnings in the diejectri kyst %€ | ayer 16
may def grzm ( . ) e ctl terial of
Taver 20 anciares SR ISR aRo s SRR BRI of P it ot S TR Bl

bet ween el asir@ns@rthatae gétiphefdl SorRiuetid fearuted)of thelébnidactivedagerakfnd boheride
patterned conductive material is not present. For exanple, adhesive |ayer

16 may be a thhputenbeundafy ofohe dielertria membere fAdpe prowidedria iselrstaniiallp sigid

conpressed to a thickness of between 12.5 ~tm (0.5 ml),and 37.5 ~m (1.5
i 1) et wectPrRRbALE MEPELTGNET B Te 8 oo et et pfins 4F pfistd

Seni conduct ofoghlfs gréaled thah lsaohe ot £ Pisd frdesidPafihé QupportdthiReiry g | ayer 24.
In the chip scal e package design shown in FIG 1, inner |lead bonding is

provi dedObet stesturally cavpled| te slibsseadndhside of the pomtinctive lageryeBhedfiirst $ide of a

sem conductor die 12, i.ncluding the inner |l ead bondin as, are

enCapeul a eoeiEEndURIoA JeNIFS e Al cRupiEd KORE SPAd St R BORRbEMant dars
48. _g_ 0 V| : A/ ; I | chip
scal e pac kagéxpﬁgx?isgg&%e. gﬁ&%%g&gﬁgggé%ﬁggﬂg% %%h{&ygq?a?%ﬁﬂkgﬁqggt oner
w th a rel at siws) with avleasydné afstht baditatisitesthding eldctrioally chwgtied wrthé gedpherdle” t he
integrated circuit fromsolder joints nade to a PCB or_ other substrate in

an attenpt teondutinedeatyes of theconductivedayes| Adiuralityrf sgider balls arg dispesedcui t
reliabilidy i f er ] Mool 0 i onal -
(ol 101144 oo BASNRON 8 BiebDRINTL: HE LA BPURIG al BoBERNEE P
suitabl e el aamaprural_&y@ffbgéni@%]sfiﬁ it diiklectFdilSyer Sndeleatrieally éoringc@ii fd theul t to
find el astomer materials which nmeet the stringent requirenents of
i ntegrated ctonsiyrtivarggiongf the. contduestvedayerpr ocesses for attaching
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cross-sectional representation of a conventional chip scale package

30  design of the prior art.



el astonmer pads to other circuit conponents are typically rife with 04 APR 2002
chal | enges, such as 10 achi eving accurate placenent or dealing wth the

- typi cal nessiness of screen printing and curing. Typical elastoner
materials utilized include silicone based materials and | ow nodul us
epoxies. FIG 2 s 0 r ' . chi I at ed
circuit design usFﬁgﬁz ’?%rcé‘gs%TSgygﬂﬁ%&?@ﬁé‘%ﬁ@&?@% g%xgégﬁ%ﬂfglhﬁésﬁagé Vi as.
In FIG 2, apgﬁa%@aéﬁg'ny@mg?ﬁ&ﬁﬂ dielectric layer 220 is bonded to a
patterned conductive circuit |ayer 216 using an adhesive |layer 217 to form
a three |ayer tapBIG.A iselcaosswettyonahiepresproatjoreof acahiesaadeapackagecdesiznl i s
deposited di rec';dégg onto three |ayer é‘ﬁg@ 2(31.8 nd, at.t ached to sem conduct or
die 212 witha%a e | ayer z24. i S APPAAUS i cal |y a

pol ymeric materi agdaayy NeBRSH: ' o ) but
hi gher nodul us 20?{(’2%& tﬁ%e&ggfsgggt cl)rrea}ggﬁélll%g@ b%}}l&ﬁ% ?&Biacgﬁ%?ecover coat
211 is an epaesyghasedinggoeri al . | n thi stheaiscbosed artlodapglappaatuan, the three

| ayer tape/flex circuitry conbination is typically configured as a "strip"
and is fairly rigFtoo¥B isierosspisctignal fFPﬁeé‘;ﬂtBTéOfr'é‘{WQ&f shig sprlapeckagsi o a

fixture for Que | 4] § f a die withou ' L, during the
transfer ste%?s‘?é)g&§?ﬁﬁ?g{raeferri ng to FI équ%l%\fgt?ggmr}%ympgﬁﬁlmﬁﬁgadhesi ve

| ayer Z24 due to WG ST WbiscRchigial kraentod 60Mokr hlIscalapati@ge such as
dielectric layer 220 (typically a polyimde) and covercoat 211 upon curing

of die attacHesgn acgdridrgd \e 224 (typi cal thg dissidsed methodiand apparatup.50C) .
Further creation valds typical.ly.occurs, duri ol der refl ow attachnent
of solder balls Zﬂf}t%_ﬁg asﬂ%%fsrcﬁ{‘%&laéﬂ@ﬁcsﬁgmgorﬁ’%g&f GE'ES%SCRF 830
possible is Egﬁgﬂﬁcﬂﬁﬁh% of thermal cragkSsciRedRiitHoa 28lappdratidl I s 214.
Thermal cracks are typically caused by thermal stress generated between die
212 and attached FIGH is akrdssAPRIG@DRpeaskstatiat udshing Jaromatibreofwdhesivacki ng
may be the cause of premature failure_of solder ball joints 238. Chip Scal e

Package AsseMFiSd8 aiinMoRBANBIEY Materal 35581dnesOr uct ures | n t hPedissloseded
met hod and a t g, oppol yner support structure (or pad) is used
bet ween a se%{%@%ﬁiﬁgtagﬁarg%i ce or integrated circuit (such as a

sem conduct or di eFI@n8lisacop Vipanyf .igheel dftionpslymiepmatepidl thet itas badislagiihdted | y
rigid and planar surface, and to separate or decouple the die froma
substrate, st asdbesivioed pusghrdsacgerdingteri al s are al sothediclogedimpbodand a
nonpol ynmer su ortt’ structure and adj acent conponents of a chip scale
package asse a>;a]u%.r pur poses of attachnent and to further decouple a die
and substrate. TypiGasisa toavw@pwﬂsﬁpoﬁ#a&oghteeﬁfmtsnwmhamnla&dmex _
coefficient of thermal expansion (CTE) close to that of the substrate is
enpl oyed to wirpiitry aecardimgt@l stress ef f edhadigtlosedimiethod andapparausF| G 3

shows a cross-sectlanal .view of a.chip scal e pack desi.gn of th .
i 56! oged et hod S Gbits Pudew 36 Ranimes fpiic Suti ek vre. 5o
di sposed bet %ﬁ&dadié%ﬂo?&lﬁ%&?t or die ~ 2 apd &&16&&%&@%&%%8?&&&&”

conprising two layer flexible circuit tape (or flex circuit TAB t ape)
58. FIG. 7 is a cross-sectional representation of a chip scale package strip

positioned in a fixture for bonding according to the disclosed
method and apparatus.

FIG. 8 is a cross-sectional representation of a chip scale package strip
positioned in a fixture during overmolding according to the
disclosed method and apparatus.

FIG. 9 is a cross-sectional representation of a chip scale package strip oriented
die-side upwards on a fixture for encapsulation according to the

disclosed method and apparatus.



The nonpol ynmer support structure 50 is structurally coupled to the diqgl’SéPR 2092
by nmeans of adhesive |ayer 64. As used herein, "structurally coupled" neans
-two conponents are directly coupled or indirectly coupled (e.g., with
intervening |ayers or other conponents positioned between) using any
suitabl e neans (such as by deposition, with adhesive, or other forns of
bondi ng). As showrlG.d0ms &rrogs- S@Gnna;lanpmmnm’ﬂonwé a&zmqu:d:dhp ycalhapaclage bond
pads or cont act% 84 A second adhesi &ag(f 5’[ attaches nonpol ymer pad 50
to the flexiBF¥UI 58. Al t hough eélsc m§ aﬁngépaaré‘r\‘ﬁ'p scal e package
desi gn enpl oyi ng exi b ta be understood
with benefit of the pre‘éslgﬁEOS%IFescé‘PBQJF%reieHQEIO RBBSPWESH? p@ﬁiﬂgS)?F‘ngj iBe ks
types of i ntthe prdémtigventioaui try, for exanple, nonflexible circuit strips or
flexible circuit tapes having three or nore |ayers are also possible. For
exanpl e, one type of |nt : I ce | ayer tape 19
and wire bonding is ill UsErs e—+ayer tape 19
includes -10 0 F‘tGAE’Rl&Tra?esQ'c%h@&{tfohEl ah?gy&raxeﬁ&cksgmﬁt&gméﬁec&caxgaclég and
second dielectric layer (typically polyimde) 60a.” Adhesive b i

enpl oyed betdesign hbayngraa eB@toared pod a0 placedbereeemt eernicondiictorydi¢ yz)m&bﬂch

i ncl udes an arr intercon s for electrjcal connection tq._.a

substrat e, %&‘%ﬁe pEgut tape qu tﬁ?éﬁt@'&e’ilﬁ“ Qis often appliad 45 PREWER 0S| bl e
circuit tap :J r i A£hd a
Pt or ned plagar NG5y 16308 oA s RABE e, Mg
pads 59a. Sqligtenapeais loften artphiyed,ealthadgh ﬁﬁahanﬁg theed eranbie lhyernmdPaisgiber ons to
600 m crons in_dianeter and have a pitch of between 300 microns and 1250

microns. Patused-nEdPnedhethed.itve Plleéﬁékx@ﬁ W‘tﬁépf‘clﬁrﬁraf‘@@&d@ claptpmsapackthabl e

duct
conduct ve MBSl ks APLR hafuber Bame3RaLaNL | Qb EHLPbARLLE R AT )
pol ysi | i con,antiun@steed cbﬁdtﬁﬂbé‘fﬁ?eﬁiﬂm&ﬂhtlx%lljdrﬁﬁﬂéﬁﬂélﬁﬁég1@35@4)1524( ﬁluyh as
al um num al | oys), copper, and alloys and conbi nati ons thereof, etc. (for

pur poses of ttembserdlaad: hbstarn@r park14 eppht“drmtcaa w@pe 18, sieh anbylsereen proftnde net al s,

refractory tal s, i CS nd the |ike or, conbinations.thereof).
Vbt - Lyp Sl TY5 piet BPHEL TentLiEar be Fed 1056 Ep BopBAIna WORFaRE &
dielectric |ayghiciRd rﬁ@an 19\eer9@mree§>e9n@fa &ayctﬂeﬁéy%m@l Goﬁ’d&h@&fa&bxczlﬁat erial
suitable for insulating conductive layer 59 including, but limted to,

pol yi m de ormggobe/ pateamed Umtectnyqopkaahg gr ;ﬂaelaﬂadtemhcmd:thym Gﬁcﬁhdustna: IpgEr il m de,
such as DuPo?t KAPTON" or UBE UPI LEX. ' Patternggl conductive Iaier 59
typical 'y hasfmemi o ssaPlss b nulierng gondactivg memydiseolly Antgdielegiriqdayer
dielectric | alg! %@én {gﬂ]ﬁ tﬂeﬁ 5m To
forma ball ’S%lﬁg‘egg‘rrg‘i'm‘% 203 uct?dv%’még er bafl s ‘(or Eagégsﬁ%%f?arze
attached to Hadllexottiengsapé s&&a&mﬁdeﬂiﬁﬂs&“aﬁcmemtn@btﬁm&t withtpattemed vi dual
pads 59a through openl ngs (or vias) 62 patterned in dielectric |ayer 60.
Openi ngs 62 @néugitetleysidd- in a nanner conpl ementary with conductive pads
59a so that each e i 5' 9a.
R??@d}%n@qgﬁ‘f Jcih%}ﬁge gayechP%%&] dXForr%ngHe§ nipredtd

Sol der balls 54 may ape an IFiensi on Suit i‘ng
connecti on VdiRediome Ipﬁ@erﬁ@tiﬂ@onaaautehh@végm dTRSJer DY and dlastdiet pal 10/ wheleladler
balls 54 are substantially spherical in shape and have a dianeter of from
2~0 microns %e saixsc)tlmed'rlbnssm@%bewm elastomenpad \eand3ticestiic fayas | Gimdher0

m crons. Sol der b |1s are ref.l ow ttache S|n onventi onal
ovene such. Al GE RoRTr SRR RS ol Presan; Fi e aspr airenys P ang
shaped to acgephy %QlaQI%Eknég-of 5(9;1141 (r'%Prﬁlll%%f&@héﬁnﬁéldm%iloﬁlp}‘ﬁyeétB%t_

el ectrical cont act may be nmade w th bondi ng pads 59a. Typically, openings
62 are circuthinknessbftbawesea 18i5aqmat(@ss rmﬂ) MtMmeECS milgroenseeanpdtt€&@i€d m cr ons,

nore typically between 300 m crons and m crons. Conductive sol der balls
may be const $ARdbeVORYH R} %‘ﬂle{aéﬂnéﬁf@éﬁaﬁcﬁ?mé:‘)ﬁﬁ‘é“é?rdd? 12 catiagheddo but not

[ ed 10, 8RUneSHOR oy RlGORRBL: 2k o B oo PLALREA SANUERT e | 2ver

59 typically has a ura ndi ng

el ectrical | yFRRUpkg@r te@d@oﬁ&ﬂ%i&ﬁrbvl@e@w»\é@@cua{ums@d 42yandtipidia4l eads 82
are between 2~ mcrons and 100 microns in width. Bondi ng | eads 82 are for
maki ng el ectEdmlofchﬂmcdrrdncnood@drﬁ, owhuiing the intiee lad bandidg erepadee 84 by, for

exanpl e, inner erefor.e confi gure th a gjmlar

o teh as i octanSnsad 3 HinsRRRH I hichas ncaines aP et Sl | onds
82 and pads 84. However, |eads 82 may al so be fornmed to have pads 83 for

W re bonding to seniconductor die 52 using wire bonds 82a as shown in FIG
3A. In either case, when each bonding Igad 82 is electrically connected to
a respective die pad 84, a circuit is conpleted between each sol der ball 54
and a corresponding die pad 84. \Wen so configured to forma ball grid

v



In addition to the benefits described above, a thermally conducti vegz, APR 2002
nonpol yner (such as a netal sheet or foil) may be used as nonpoly

- support St {wérdolusepeS0 to provide a good thermal path for di sanmlﬂS%mW heat
fromthe face of sem conductor die 52 in FIG 3 (or fromthe backsi de of

sem conduct or di e [phe ddn¥érdGondlAhip ﬁ%@khi@dé@%‘n'&ﬂgnm&w&ﬂemlaﬂdmﬁer

-support structure 50 nmay al so conduct heat efficiently to the solder balls
54. QOne type tyficallyemmeidstomarovithue telatevetiolopompdulus tkyaplscmmnlyy@rtpllmlad ors a

Uhi 5 pur pose dqcoupleniis et Wemmrod sndbop i Bads A CP ey Sthrein so
provi de inproy ?rg?%rﬁft% H'éénzllc? ﬁ@sﬁjegs' soﬁglgjg#ﬁ%ﬁ? incRYRE §1r§\$t f%.'ﬂg?lrl] heI p

m nimze cross 1 on, ers a surtace

sui tabl e §or ouerpeiddaofthenndl cpélafge HJ\hm:r ia conveationdlehip svale ;fahmgehnsigaed to
provi de a conveni ent ground plane (or power plane if desired such_as by
di rect el ect sketeds thatrshewniiRlG@f1, aels@mmeqf 5iitabls glastomer hvofien diffiaue dEhis 13

0 4 APR 2Q02 99| 1 NS 8/0 177 53 Thi b
done, for qe)xé jeause! oﬁgpcgt?/ Sﬁoﬁ’eén%aeﬂﬁwgln%eghgggl%ga tlhz e

under | yi ng aqlétmemn{saa»f%eécﬁtea%&m aa@Eﬁ@t Mor%wrﬁo@és@&%i h@dthify der
balls 54a nmay el ectrically connect e netal sheet 53. The ground pads

on the di e nelastomsan pds toother cireit cmnpcbmng:ramwlwlvdtfc “bﬁnldhgllazgs,tshcbagh 5

i nner | eads or w re bonds 82b as FI G 3B. Advant ageous) when
3fioc eutlint! smsatea et g e ish et inlipe o

a met al picplrRessings; rﬁ“ﬁ'@?r

achi eved wt 4V k t ny
patt or ned retal cra e BB er ERRGrial WAL IR Shocme DR AT o
expansi on qu&bmhncﬁﬁxlusrupbmﬂs ng, but not limted to net aI foil s made of

copper, stainless steel al | oy tungsten, titanium 10 al um num
al uni num based metfdfs2 é@%ﬁa@éheaF%’{%Hﬁm&ICPM?CP&%P%I‘P‘S&'@“QW(&FC“"

combi nat | ons gk 88hy (B0 1 CPRRS LRLL: IRY ol S8 le e da N2, thi 0

pl ating for bonding oW COSt or reduced
oxi dations E&alapb@s 1lQEk &iélcbﬁrh' IEyeGQaDlmEl&deﬂ@d Uﬁ@ttcrbé&co’hlaﬁctmtclﬂcumléﬁd to, a
surface coatin pl at ed nickel, nickel/boron, black copper oxide,

tin/lead (sucﬂi%a!gmg amlagheshmlay@adﬂéo.form mhr@calcayqltamw Arelatively thiclemolymend,

upport St rucptroidSE* ALF T sBhiih el piio MR ok B 24 g BREF R L e

100 ~m and 23@mWdRudlBf &e t2‘1@ hadl ddhe 6 WoE 242 TovrRBater21Y1i Sy piaRp &
alloys typically used for l'ead frames, Such as 194, are well suited for

t hi s appl i catpotymerAdmaretialgeving aythmmhecroas mnqm)(aymtmd Pagmp fbus highertedulus
r|g|d|ty|se | oyed, a 20 ¢hip |l e e stri be handl ed with
typi ;:alb | nagazlﬁﬁb&rfégﬁm&r@aﬁlﬁﬁﬁﬁf@ @9 Foueres 21l dngh ¢ SedB{ -
'suitable ri Ef@ X

(1 x1O06 pghn%iémpe”rﬁhslgg%%%nc Q&Ehcatig%bhu ?léee e/ﬂ nor@gl ymer

materi al s hawontbisdtiondbtypicallgiconfigurediad altherip eandris ﬁltlﬁh@ld@tthht thektrip mach as
t hose descri bed above. However, it will be understood that benefits of the

di scl osed 25 hesemouedans plagsdrintoastixtute far evsrmeldiegof 3 dig wigiontbensingbander

mat eri al s havin (ﬂﬂ\j\ an 6.89 x 106 kPA. Such benefits include
t hose descri b‘gl& % é‘tggﬁ%éﬁrés?eﬁseﬁef erring to FIG 3, adhesive |ayers 56

and 64 nes be any Skihagérvag IFIGLR), eoﬂ‘d@ma;eﬁsﬁﬁ kDAHhRGINE Gly¥FE24 dttoThois@re
flexi ble tape 58 and sem conductor die 30 Typically, adhesive |ayers 56
and 64 are sewkichabas feleasedifrempotymar lam‘sersudia;dlﬁmtnadayemzzwtyapmitypml ymer

d 50 t | at. 52 { bstr at -1 0 4
bR 500276 WA Shapdasoubes auf ox bl fe SRR Skt Hiloribtin g
i nproved rel | fEdrinkd at steGil psteesi F&%hélc&qna%fwd%waﬂg oeclﬁyabﬁngquia@gt of

['e adhesi cl ude,

Z-axi s conpl | ance for socketing anples of sult ves |
but are not reﬂnhzenjtatmemmfanldgﬂlmnlezmmamttstraueran:ﬂassaPCmehsdlﬁweussuch as
DuPont KJ mat er i al )% a pol yol efin, DuPont "PYRALUX" resins, and

m xt ur es 1% er RRsfiblas e fopmation ofyhermad pragks @@F@"bﬂl‘iﬁfhﬁﬁgﬁ)x‘é '@Wﬂné ed as
2y tht cknossoaekteaf Pipicily cABO8 BL iera P tf oA horhel g4 OFR o lEpHRRG '

adj acent surfaces, such as a die or circuit tracing. Typically, adheS|ve
| ayers 56 and 64 have a thickness of betyeen 25 p.mand 75 p.m nore
typically between 25 p.mand 50 ~.m Although the illustrated enbodi nents
enpl oy a single nonpol yner support



structure, it will be understood with benefit of the present discl ogd‘rAPR 2002
that nore than one nonpol yner support structure may be enployed in a
- lam nated chip scal e package tape assenbly. For exanple, two or nore
electrically isolated nmetal support structures nmay be enpl oyed and used to
form separate circly a such as bot ound apd power ane or
conbi nat | onsuareiAls St Hromabee e A yhe uin AhPeRa s AR Rt al 5o
possi bl e. Irg,aﬂ ts238. @ nounting |ayer 351 may be patterned with a |ayer of
deposi ted nonpol ymer material 350 and enpl oyed between a sem conductor die
352 and acconpanying circuitry. For exanple, nounting |ayer 351 may be
adhered to two | ay#ip St@dx Potlageidssambliets ayith NdrpohmeotShprort Streatwedi at e

circuitry with adhesive |aye 556, and to sgm’ aonductor die 352 with
adhesi ve | ayer 3G4. Wen e ediclesebmathon anh aPRASHEY 2yIRBPOlYBSHAPOT

St S S LT e g |2y

subst ant i al lay apéei@ntindier div) sidiceompainies Cieduithgtd providd agubdtimiahiveigid

adhesi ve~364. Advant ageously, a nounting |ayer patterned wi th nonpol yner
nat eri al nawnéélarlﬂahﬁnrg@@mné@iswwwrdwsmier&ber digifregn a puhstragt suchi#f ged to, as
a separate t conponent, or as ed to .a TAB taps. | one cases, the
use of a nounti'ng | ayer patternedgé\h&et@ﬁ}gn%ﬁﬁ%?lflﬁrlgral?ﬁ?actng‘g?%ﬁdqﬁgve%@ | ess
expensi ve t hpfpdl ﬂxeﬁ%ﬁ@h}&ﬁﬁ&mwmcﬁa&hfwﬁn@n@bﬂ'cﬁ’i%ssbé!leg@&&gé bed. -1 ~
0 4 APR 2Q02 Still referring to FIG 3D, nonpolyner | ayer 350 may be
conposed of assembip figraiuypases ﬂﬁ@@chaﬂentsmdttalﬁlr&hdrdpcqmpb\mgic and)subistratei gr at i on
of noisture . jnto,adhesive |layer 364, including thgse materials |isted for
Use as & nors@iGHHEra BORRSHIRSISEPRSR Sirec e aRng fgoF Biien! Qkthermaa) cxpansiop

mat er i al suitag) gdsto Mg AhELRLALe i ERBRIYeE MmBlimBRNRAMATGEesk BIfE:s S0

including those dielectric materials |1stéd for use as pattenable

di el ectri c malder jomhts. Li kew se, adhesi.ve | ayers 356 and 364 nmay be any

sui t abl e adhesi ve_or _attachnment neans, .including those listed for use with

nonpol yner supporilGs 8shews # £x0ss-psational Yigwof A shinyseale Prekage design i s a copper

| ayer having a thickness i yer 351
B SRER helBaRR apherlfl G TRUBH e

is a polyimde |ayer having a ness  of um Most
typically, nappst y®dtule ®Pelispdsél béwaers o pditicohductsr dkod 4@ a ihfehmédigss of
between 5 p.mand 10 pm and nounting |ayer 351 Is a polyimde |ayer having
a t hi ckness acusgomprising avo dayer Fexible citcay tanedonBex eifcuit arduB tapg) $.yer 351
patterned with a nonpgQlyner |ayer 350 in an pli.cati sim lLar .t o,.tpat
Shown 1n FI G 3A for ermpalRRe g Fetle B UFRLRAD GoPle T R e
support str st HERS, of ABRSEIWeARYHE4O NS B8 hBRES 'hRulaly &tﬁx{pfe@"'iﬂeﬁhﬁ @i on
illustrated i'n FIG 3D. For exanple, a conductive nonpolyner |ayer 350 may
be used as aogroventspiediectipowepled baindirectlyt wuplediit.gt, evithtihtervemingdayess or

circuit paths, such as in a.manner sinpilar to th illustrated in FIG 3B
for a nonpol §HRECORIROPEHE Pgﬁ‘?%“ﬁ”?‘éW"?ﬂWﬁ‘Bﬁ@P%@“‘F €235 4SUERAS Rbnpol yner

| ayer 350 : : 1 { i L I ing three or
nor e Iayerrsr?al ‘ 8%:1 8%1’2@ gl?%cgﬁ’??)r%m%}hfgﬁhfﬁﬁlg ?%? egg IEEI’EI @FIQJ@ST or

nonpol ynmer sseppastidustor dieta2rtgsically hagidie bomdpadyr eofithets 844 secondaldiesive | ayer

350 may be enpl oyed. Manufacture And Assenblé O Chi p Scal e Package
Conponent s Aay#iS§ atizghes nopplxmer gad p to e fleniblefiape P sabhorghifde. dnd

appar at us ha nonpol yner s t r r. ﬁ red in
a nunber of a\%@"tgsnd for use inl#g&%g a_zerﬁ%gs%‘%e‘*f‘@eemp@g E‘%%?’%ﬁ?g‘w
exanpl e, onecifgitiast, af willesindestdoaow it behehi€ of Bie PAstkmditsclaapr thavi ng a

nonpol ynmer pad includes the steps of |am nating an adhesive onto a roll of

nonpol yner nemeodimenssmployarg abentypeoef interpediatei cirguitny, for angmplg, t he

nonpol yner material in a desir ape, .and al i gni and adhering fl exed
Crreui Ly ( opordienihly piteuh AT e ToIR iRt 3o vt e BF ol ey bt
package - 16 posdbiéd FOPRaRR, HYQrIt HBEARS iSRRI NG thrbdifer (HUEH A il the
formof a strip). Inthe alternative, a chip scal e package tape may be
fornmed by pubmidingisalluswared|ip F8G. 3@t eri al  ( suclThas threatayeatapecd ihcludesa
desired shape, punching an adhesive filmto the sane shape, aligning both
filmand foil with circuitry tracing, and lamnating the structure. In

ei ther case, alignnment of the circuit ti@cing to a nonpol ynmer support
structure is accurate, yet relatively i'néxpensive. A variety of different
steps may be perforned using the chip scal e package strip or tape j ust
described to forma chip scal e package device. These steps may include die
attachnment, wire and/or inner |ead bonding, overnolding and/ or sol der bal
attachnment steps. Advantageously, assenbly of chip scal e package devices
according 10 to these processes is relatively efficient, straightforward,

o, Y A o~ T - o - S — N 1



1 ~ incorporating release liners include acrylate PSA type adhesi vgs‘! A%R 2002
showmn in FIG 4, |am nate adhesive used to form adhesive | ayers 56 and 64
-is typically applied using roll |amnates 100. 1-lowever, it will be
understood with benefit of the present disclosure that adhesives, such as
t hose previo 3 i i DA .S hod
i ncl udi ng, b& 1%%{(@{%&%@%1]2%0?&3?%%%;&521&’@5ralﬂgtsléb?élﬁglrl] sp?%ykgg&@gp sition.

FIG 5 shows palyirafiey 664 Athéivedaynlepbrs embhyed bbrwebatayeassbaringlaam nat ed
w th adhesive layers 56 and 64. In FIG_ 5, nonpolyner sheet 50 has been
punched or st anpedntemngdiatencivenitry typicHiiinelydes an aray-nfdntespnaents fon alesaical

ti | ot i 10. Di 51 £ . t.q.h h
ot erent ar§oRseion B e ERR AR B A E 5> and arke U] mECL A Ee b Ty
clearance foljzyepRBGSle GuftafeTBASpiBAllN Ricludes 8 pRdified dieRcHliclapa®d, & d n the

connection slot regions 110." Conhection slots 110 provi de space tor
connecti on t paukreeppldsar®dndedtivg layen89 hawiag idividualgondictivebonding pado¥9aet her
sui tabl e connecti nmet hods. Taken toget her,. the dimensio of, di e, squares
51 and connedorshbal GRuEe: pagh S9p ate WRIADY o 20 BHGFOR 0 S0 FigHons in

sem conduct oty gl 38 haydd pitcPofibARRRIAPmidroid dt 1080 uARNSt PR N
benefit of the present di sgf osure that stanping or punching operations in
t he di scl osedondickioe layay 5P map de comprised sl any patgrnable cbhdgtive neitariap suigbhet hod
suitable for integrated circuit packagi ng. The nonpol yner sheet can al so be
patterned by femferning substanially planar pigcutry ircdydipg, but godimyed tos metpleorc hem
etched die. TQoki e d . i S 0 ald in
the accurate cﬁ?‘#uﬁ E‘%%%Jho% Si’gtr%é‘%?’ﬁ’ §iy§§fg§#%§§sq%4ﬁgﬁgﬁl ﬂlﬁ?] ﬁ?@n%’_ah%é@ ol e
tape 58 havi ngsadimétaR?sichrasARMERLMN0§S), B6Ppebahl allops @id @htinaioh§ tHehdfUse
of tooling holes 112 and | am nated to one side of copper sheet 50.

Lani nati on ofete{foc punpegesradyhib disalosenethe whadmetals! ind tofinchadesmetalsc| udi ng
inaroll-to-roll process (such-as a.poll.-to-roll. process [ sprocket
ol os) - or | fELRerRaREia it RS A e e B Estrrindieds Ferefh. PEsTYRRELY]
pul led of ¥t eanBpebncid Biersd SRMpRP PARmAY dislebirtt 18ferB0thy bes | S

| am nated to 'the sheet 50 using tooli’ng holes 112 for alignnerit. However,
ot her adhesi wenpnided affdnygiattemabie diedetsric macdtiahsuitabhlesfer mstilafihg oadiuptieyi ousl vy,
may be enpl oyed. _At this point, attachnment and bondi ng of an i ntegrated
circuit die reyFredmslding. ﬁ@férmwf WePolymids or RekBBFY Mdpstdiigdllys0 and t he

attached fl exj. . . S hi ' r o £ Lhh mbly. In
the latter c)éfs‘%!?&?%g"gﬁ%npgmg%éﬁgépggso%‘ﬁwwgﬁcé‘@ ngﬁ %ﬁg'tape 58
are typical | ypageined Bbsdutisé [dypr $Dfypiallp haos tHickneky ¢fibebgeenl 12.5urbtd 3nsf or mat ,
a single chip scale package strip typically has nuneroqus individual die
squares 51. IHmeP%tFRSFCQ:@BgFUYCd?XeﬁéP typjealliphag arthickness of betiween Y& gmenoval  of
t he second re)esease i ner from adhesive |ayer 64 in preparation for nounting
a die onto th “l%npolymsr sheet 50. In the case of strip format processing,
strips of nonpol ynes formeehall @itParfdyt S BekkuetivE sul8érbafls forl LARHRTS4 BeO _
magazi nes for processing. Die are then typically placed on the tacky side
of the nonpolapachedso fiepibloppeo§8 ard make siedzical contachwitbiindividualypadafi®h cured i f
necessary. However, it. wiJl be understoad w.th.benefj f this disclosure
That o di e majrosghoptungs (xS dtpiemen siertic B 6 Cresipingpass shoer <
(as opposed tQuamsfhy 14 fe 14 weth
its ci rcuitrﬁ eve lggh‘aggﬁfcoo o%%géﬂuéﬁ? e n%ﬁ\be ﬁg?&g@@@@%@@rgﬁg si de
of the nonpol§iheverlays a respegtivakendusdvé pad Shar $olddr batlh 84 may termly shapieaand
attached adhesive (typically epoxy based materials) used for attachnent of
the die. -18 dimgnsjon puitablyfor gaking qopaeciion;ith bonding pads §92 threugh eRENNBE one
or nore dies)g-Aare, tym..c £l j . S i n

Wi on are | ol ymeE  Rubet polt BPER SBSaRAG SibReD i AR na TR RS

t her moconpr essfi fedin ROO ehiRAIITESO Mier&liOidst thpichlly betwe&R 860 Infi?onslatid 6opom t he
tape is bonded to a die pad 122 using, for exanple, a bonding tool 124. A
fixture 126 imionensd Soddes bplivare typicallyapBovyiatiachediusipgtoonvetitionyl ayvenssuchaes al | ow

the | eads 120 40 break at a frangih tion (. h) 126 during th
pon g pr ocelfs COREBert EROTRER. DS SR AR SRPHLOGEEABNET by

filling in the slots 110 wth encapsul ant 132. Typically the encapsulant is
cont ai ned by dam features 130 and cured_xfing a suitable curing nmethod such
as, for exanple, WV or thermal nethods. ternatively, as shown in FIG 9,
the strips may be flipped over onto a fixture surface 140 and the slots 110
filled wth encapsulant 132 fromthe die side of the strip without need for
encapsul ant dam features. As shown in FIGS. 3A and 3B, a die 52 may al so be
connected to a circuit trace layer 59 using wire bonds 82a such as, for
exanpl e, when a sem conductor die is "flipped" so that the circuit |ayer

o . . o o o - o o - - . o




In FIG 11, an enbodinent in shown wherein the active circuit side Qn‘l ARR 2002
integrated circuit 158 faces the nonpol yner interposer 50 and is adhered to
said interposer with an adhesive 150a. In this enbodi nent, integrated
circuit 158 is -19 0 4 APR 202 WD 99/ 18609 PCTNS98/ 02177 provided with

tral t] f eat b .pad 53 t her t i ph I
conduct i ve. 0% B BSER e PEIR RS saned FsoRe padt R ASpREE R Tdhpol yrrer
i nterposer 9Qmpical§hopeltgs 62 AreSdiRiul RRRA G 4 iarleted BEBerWeb 25 ridtoRCaRds 153
whi ch run down the center of the integrated circuit 158. This type of

circuit congi0bumutroms. mere3ypigalichdtweén 300midrartsyandf500imicrans s Coedyrtivedynami ¢
random access, ne y (DR AM int ated.circuits.. Acircuit nber 159
consi sting &Pldst gﬂﬁ&d@%y%@nsgygﬁg BF argya%uetéblﬁean%ﬁﬁaaeﬁtw rrze;»gvensl%at ®sposed
on a non-el Glﬁ{,i'iéd%' %érdd,g%mv,céric\éﬁgé}?se substrate 161 is attached to the

nonpol yner i nterpos on the side opposite fromthe integrated circuit

158 by an adhesivga 150b. A firstFIgGeB, mittehet dopndidsivd GaveD59 Bupidallginashi t
menber 10 159 are situated adjacent the slot 154 of the nonpol yner.
i nt er poser Fuuraityefthonding leads 82 censh of Whinh aseelgetsgalivheoupinddgraoaduativecui t

or oxanpl o P0ooh apbisalWrBRERs ¥ear ForkBln 2 R ptonl (D ARRRR 1970,

rom

circuit (notwighovBondindRad §Xirk ifGrahaking ele6ioalaohh&dtionas SerhitBhdikdridie 52
protected fromthe environment with a pol yner based encapsul ant 151 which

is 15 deposiat it pads 84 bhiefor exarople ofner lead bamdingThrd 4re tharefore canfigbreddvithals 162
are connected to a secand set ,of .|l arqger nd pads 155 situated .in arra
SUtst ot e Sl BiehaS Ot pesk Bs fnda Rt sfiBEnDE SRopanedng Helkea legs 2 &1
Conducti ve et
uctiv %@gg@g@gg@nﬁgﬁeg&eﬁmy b0 be forfled t@&é% 83%t Wite BEAARE

of bond pads I S” package to t printed circuit
board i s nade sthicoudirisidit S2 asidy stire/tsonde 82edasshodm ihtFIGE BA. e eithed easet ood

with benefit of the presept disclosure that other chip scale ckage
confi gurati o‘M%e“rF&WQP%Q%nS) aﬂgﬁﬁ @aﬁt@aﬂ%qmeﬁ © PGl Ve maﬁ%g packages

cont RN _ _ e it 2
cont i gurat i teoh RIS SAORFAh 1 ull SR A4 b CORcariAnb MRl T 087 0°

using the diwak®sectornTRiubedtodonin a bRl At usrag,@actesdider tall 54iik dedgied tb®e
understood that although the 25 methods just described and illustrated are
f or manuf actused ayan idagdeal eping ko elastrisallistongecs agdndipidpalrdinpad Beipe i t of

el oui te vl RpeRRani B Sae bandIRg PRy Fhat  Shehie R R iidh SebRt ERRAREY (o
integrated crguiihsirh&! AEIGUS] 41 &cbﬁieépoh@ing Qlibstia® bdrRitly di@ pa@e?s), if or mat .

In this way benefits of the disclosed nethod and apparatus may be realized
in formats ctypsally béteve@d 300 micrens and IFO0imidrons.r Fypindliys suhstraweriea pridtedi t h

e o UG AcBEL B SPPLRISd ot evel abed bt L 8385002 vo
99/ 18609 PCT&OP&%?&Q&&IH, silicon, wafers, etc.
As shown in FIG. 3, edges of die 52 and inner lead connection areas are

typically encapsulated by encapsulant 86 which is contained by encapsulating dams

88. Encapsulant 86 may be any suitable encapsulant known to those of skill in the art

including, but not limited to, epoxy resin and silicone. Encapsulant dams 88 may be

any suitable encapsulant containment structure including, for example, epoxy,

adhesive tape, etc. Although FIG. 3 illustrates a chip

scale package design employing a single patterned conductive layer 59, it will be

understood with benefit of the present disclosure that embodiments having two or

more patterned (or non-patterned) conductive layers are also possible.

-12-



may be perfon~ned with a die still in wafer form For exanple, a nongokysRR 2002
sheet may be aligned and adhered directly to a wafer and chi p bondi ng
-perforned. As before, slots |54 may then be filled in with encapsul ant 151,
sol der balls 157 attached, and individual package pieces punched or sawed

out. 5 Wile the fpvention may ng@_dggltoﬁﬁgggrggﬁgy@gd Omgggi,ma%? efsbind

alternative forns, specific enbodi nents en s by” way ot exarpl e

and descri beggfiabdadilitakdopwovessing ahd/ohhaviflg beoeffidienssofhermidl @kpansidnichosens i on
is not intended to be limted to the particular forns disclosed, Rather,
t he i nvent i othat ef 2 gnhstreterin ander ymirmimize Stpson sidgryamntBy usipgisughtder nat i ves

falling within the spirit _and scope of.t 0, I.n ' .ne t he
appended cl aPﬂ%QOl)_erTppad(foﬂﬁﬂgﬁskﬂ’gma&P%gV%‘.dsAlﬁg%&é@%%ﬁ@gg‘%ﬁa@e&xy _
conpri sing:  pe fdAubeY SHBERRidty elittihate®@ 2 TRIZ3Y bétauietle 3D id Batfded aitectBl @et ri cal
contact site centrally disposéd on a first side of the integrated circuit
(~2), - a fl epelemenyadradpvithtadhesivecéd and th&efare oloistimefrom palymey materials

el ectrical interconnects, - at |east one_.non-pol r layer (50;350) having
2 first and i NS OHIENNG canncl epref fithe TUFTREe GetAeEndees VB SPPRER Sy o1 ( 50:

350) being struct g Q&d&ﬂox?&%g@né &egﬁéﬂt{e%ﬁf atd v%iidjfbrﬂlfatiéﬁitﬂe h Wxﬁérggd bei ng

circuit (52), and sald second side sai d non-pol ymer |ayer 0; 35

struct ural | ycofiguraibri af tsadidclosddaneddd ahdapparatus proyidds other sigsifiodnt( 110)
extendi ng through a central Egrt.i on of said internediate circuit (58) and
sai d non- pol phantagsseforexgmplep vhipisgale ppeiiage suips naliding a NGRRAYMERSURPOTt e ast
one el ectrica| t@Gt Si | nt. | I £¥ eln.- - said at
| east one Ceﬁrlrxcgﬁxfég%cﬁrg\%géga&fézilcéec%ﬂn alﬁg’(;:%;r?g glcat%essézglle 0 \é?ﬁ@?(ji’ﬁrh'ggorvg ed

circuit (52) chiventiendllelaetimey paddiH1efiedsofalgrideifaly sapforeheduirt eddface is an
I nterconnect of said internediate circuit (58) by a conductive feature (82)

sel ected frommporeanyfastgr towarsl eosiring it all salddsdalls b centactipads Fbowapwlstrsicon

DO NG, on Rt B Kol ORE PO TE ek 4505 ot S0 1o

the integrat ¢fs§bf ¥4, most desirably of 25um (1 mil) or less. Such coplanarity is difficult to
achieve using conventional soft elastomer pads. A nonpolymer support structure
provides a more planar surface for solder ball attachment and therefore allows a more
reliable connection between a semiconductor die and a substrate.

In addition to the benefits described above, a thermally conductive
nonpolymer (such as a metal sheet or foil) may be used as nonpolymer support
structure 50 to provide a good thermal path for dissipation of heat from the face of
semiconductor die 52 in FIG. 3 (or from the backside of semiconductor die 52 in FIG.
3A). Such a thermally conducting nonpolymer -support structure 50 may also
conduct heat efficiently to the solder balls 54.

One type of thermally conductive nonpolymer typically employed is a metal
sheet or foil, with copper being a particularly well suited metal for this purpose. In
addition to thermal conductance, a metal sheet may also provide improved electrical
shielding of conductor layers 59 and may help minimize crosstalk. In addition, a
metal sheet offers a surface that is suitable for use as a ground plane. Thus, a metal

sheet may also be used to provide a convenient ground plane (or power plane if

desired), such as by direct electrical connection of a solder ball 54a to the metal sheet

~13-



with an electrically insulating adhesive |ayer (64;364), and - sai gl* APR 2002
non- pol ynmer | ayer (50;350) is adhered to the flexible internmediate circuit
. (58) with an electrically insulating adhesive layer, 2. The el ectronic
package ofWOI9%8609, wherein said non-pol ymer layer (50) is EFZMSPRATy
coupled to said integrated circuit Sé) to forma power_ or ground plane. 22
0 4 APR 2~~333s sh%nma&-ﬁ&mﬂuw@x&g op¢. fer example.ghropgh aiyia 3% in &3 d

ducti 3 50; ' . - t t
having a moddrierey PR SAFHE v Ueele p R B 3050 e SHRBR et T @
el ectroni ¢ R3aKRUEH S61dEN KIS BAS hityBectricalld,conh@t @ thesRéal sheatdBactThee non
pol ymer layer (50;350) is a non-polynmer support structure conprised of a

met al foil Igaeundgpads ohtheldiesay dlierbbs conpected® the igreund spkir balts S4a thicuwgh

el ectroni.c pack of one of clajns - 4, eLei ai d conductive non
ol yrrer " Bay S 3805y pare Pondr Aty oS 6 sBs A EHERE e IFREd of a
copper foil.m&al shB& sﬁé}f&te{ Er ffﬁ)qg @Hx%lcﬁrgd OfBseCddvan@b&®mdy be éeénii\}éat\ﬂﬁ{

conprising a nounting layer (35 havi first and Secorid sides, said
first side atlagesly mimned coxy. Saiable bretal ghestts imctude ahy patterngd metat foisewhdhsecond

i de of id d J \ I I 350), d. sai d side of
Sai d mounti AUPPHE SHTCHI OBV ALY Kirekal aiPRgsieh AR iss e wlig TAPR o at o

ai d munt | 5P e rAPRgSier AP ke medi
Cayer - (asimied R G AN i ARpE St Dy A S o anc

75 Vim 1and AMiRinGin) akudiifure GastdahetdB (Aeh-asaluniim AeE), eddMoysand copper
| ayer having a thickness of between 1 pmand 50 pm 8. The el ectronic
package of cembifationsthesof, etc. 7Coppee fail may alsg berepatedwdthea dincplating for(58) has

st an oS ek ol T BT e =
o oL e S Bng o g TR s syl aehf, o
plurality ofnigsl/Hetonpbiatkscapped oxide, tin/lead (such as a high lead content tin/lead alloy of
15 over 37% lead, or precious metals, such as silver or gold. Most typically, a
nonpolymer support structure is a patterned copper foil having a thickness of between
100 pm and 250 pm, more typically between 125 pum and 175 pm. Copper alloys
typically ﬁsed for lead frames, such as 194, are well suited for this application.
Advantageously, when a nonpolymer pad of suitable rigidity is employed, a
20  chip scale package strip may be handled with typical magazine feeding equipment
commonly used for lead frames. By "suitable rigidity" it is meant that a ﬁaodulus
greater than 6.89 x 10° kPA (1 x 10° pounds per square inch, or 1 Mpsi). Examples of
nonpolymer materials having suitable rigidity include ceramic, and metal foils such as
those described above. However, it will be understood that benefits of the disclosed
25  method and apparatus may also be realized using nonpolymer materials having a
modulus less than 6.89 x 10° kPA. Such benefits include those described elsewhere
herein.
Referring to FIG. 3, adhesive layers 56 and 64 may be any adhesive suitable
for securing nonpolymer pad 50 to flexible tape 58 and semiconductor die 52.

30  Typically, adhesive layers 56 and 64 are selected from dielectric materials that act

with a nonpolymer pad 50 to isolate or "decouple” die 52 from a substrate (or PCB)
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23 0 4 APR 2~~2 bunps being structurally coupled to said second Ushd&p%fmﬂz
said internediate circuit (~8). 9. An electronic package according to claim
~1, wherein - said flexible internmediate circuit (58) includes a patterned
conductive layer (59) and at | east one patterned dielectric |ayer (60),
each of sai 4 | { sai d
second si degi%ftﬁ%/szf:hg'hﬁgﬁhggh%nergs[agysg]rde{-‘gﬂ%el ngr og{b‘rilnf nf}% ?{&eg%ugped
said first Sudheadhtsises alsccamduptovide d marmﬁ&m oﬁZ axis cbniplmncdfoe smdkbangredl ate
circuit-(58), and - _ said integrated circuit includes a plug ality of
central |y | Beamples of %@bke@dhe%\fﬁftla@pd%lwwe n@hlilrélt%m 8 ecrylaeBSAa ng
electrically cou & vkqy ) bl e
i nt er medi at eg{x? LS%% p<o %Q%%elﬁﬁaﬁguﬁp rié?;l%’ te(qgﬁ g&é@ggﬁdﬂ) 'o claim 9,
wher ei n sai @bmnﬂum"l ¥foryonésihs, (aﬁa)xmbcﬁu@ahéxebmaloétqyﬁxeﬂm ﬁ&nﬁbﬁlﬁﬁtfc‘ call'y
conductive region, wherein said dielectric | ayer (60) i's patterned to form
a plurali typdplrmpem' emyploy&hys adhesiviel laygrstSrapd 4. sai d diel ectric | ayer (60),

h of d 62) . b fi d t I 54
and wher o1 nsai GAJBERYRAEY bE SHIATRd reBRbIves bl Rk ey peasALa (0
said first ﬁ%"q‘%#oi bR &t&%éﬂ @xETeIa's&nké?S@& afPiackft §d?—PaTces5§ﬁéix Rlaffiebs t <~ of

openi ngs (62 ald dielectric laye 60) are aligned 0 4 APB 2~~2
t hat said ptiveui tracmg)meeahhyngdhe@@E)layersSﬁeand&alllmlveatthmhndsayébetweﬂwfare
aligned with at | east l]cr)lart of ?at el e%rl cal I conduct ive region of said
conductive H ore typically etween umand

Although the illustrated embodiments employ a single nonpolymer support
structure, it will be understood with benefit of the present disclosure that more than
one nonpolymer support structure may be employed in a laminated chip scale package
tape assembly. For example, two or more electrically isolated metal support
structures may be employed and used to form separate circuit paths (such as both
ground and power planes), or combinations of metal and nonmetal nonpolymer
support structures are also possible.

In FIG. 3D, a mounting layer 351 may
be patterned with a layer of deposited nonpolymer material 350 and employed
between a semiconductor die 352 and accompanying circuitry. For example,
mounting layer 351 may be adhered to two layer flexible circuit tape 318 or other
intermediate circuitry with adhesive layer 356, and to semiconductor die 352 with
adhesive layer 364. When employed instead of the nonpolymer support structure
embodiments previously described, embodiments of nonpolymer layer 350 act to
reduce or substantially eliminate void formation by substantially preventing moisture
from escaping into die attachment adhesive 364. Advantageously, a mounting layer
patterned with nonpolymer material may be manufactured in many ways inciuding,
but not limited to, as a separate tape component, or as attached to a TAB tape. In
some cases, the use of a mounting layer patterned with nonpolymer material may be

less expensive than the nonpolymer support structure previously

described.



11. The el ectroni c package of claim9 or 10, further conprising a pBdr &PRt 9002
of solder balls (54) or bunps disposed on said second side of said
- dielectric layer (60) of said flexible circuit (58), each of said sol der
ball's (54) or bunps being positioned in one of said plurality of openings

62 n said diele c.la and  bei tr' ally conpected to said
((:oanuctl veI reg: ot ‘glf teg'“ég é&ﬁ@ug&?’ 98“99&3{/8;“ g fmai; CFOMPERT DI r cui t |
(58). 12. The,&lontf AflefiaPafitih8%0 reQ&ﬁm%fth Okn?%xgﬁorgof m&-ilnur%"‘ﬁl?(f %}H@s@@' d

conductive non polyner support st cture S a copper aving a
t hi ckness oflayeeBévdnclidig thvsa athtetf=ls llstethforﬁ&: asfa AdipAlynfdr support structure.
. AN% A. AH. A R A39. A [é A% A, . A% A A 9. A&@%Q& An. A, nr. A5 . AF9. A A R A& .A
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anufacture And Assembly Of Chip Scale Package Components
A chip scale package device of the disclosed method and apparatus having a
nonpolymer support structure (or "pad") may be formed in a number of ways and for
use in a number of different applications. For example, one method of constructing
chip scale package tape having a nonpolymer pad includes the steps of laminating an
adhesive onto a roll of nonpolymer material (such as metal foil), punching or

stamping the nonpolymer material in a desired shape, and aligning and adhering

flexed circuitry (or circuit tracing) to the nonpolymer to form a chip scale package
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varicty of different steps may be performed using the chip scale package strip or tape

just described to form a chip scale package device. These steps may include“die

attachment, wire and/or inner lead bonding, overmolding and/or solder ball

attachment steps. Advantageously, assembly of chip scale package devices according

10  to these processes is relatively efficient, straightforward, and cost effective.

FI1G. 4 illustrates lamination of adhesive layers 56 and 64 to both sides of a
thin roll of copper sheet (or foil) 50. Typically, adhesive laminate having a coversheet
(or releasc liner) is employed, and the release liner is left on the side of adhesive
layers 56 and 64 facing away from the copper foil 50. Suitable adhesive laminates

15 incorporating release liners include acrylate PSA type adhesives. As shown in FIG. 4,
laminate adhesive used to form adhesive layers 56 and 64 is typically applied using
roll laminates 100. However, it will be understood with benefit of the present
disclosure that adhesives, such as those previously mentioned, may be applied using
any suitable method including. but not limited to, screen printing and spray

20  deposition.

F1G. § shows a top view of a nonpolymer sheet 50 that has been laminated
with adhesive layers 56 and 64. In FIG. 5, nonpolymer sheet 50 has been punched or
stamped to form patterns having die squares 51 surrounded by connection slot regions
110. Die squares 51 are configured to have a shape complementary to a

25  semiconductor die 52 and are smaller in area to allow clearance for connection of
leads 82 (or wire bonds) to die pads 84 in the connection slot regions 110.
Connection slots 110 provide space for connection to die pads 84 using inner lead
bonding, wire bonding. or other suitable Connection methods. Taken together, the

dimensions of die squares 51 and connection slots 110, provide individual platforms

30 for semiconductor dies 52.
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balls is aligned with the use of tooling holes 112 and laminated to one side of copper
sheet 50. Lamination of circuitry may be accomplished in a number of ways.
including in a roll-to-roll process (such-as a roll-to-roll process using sprocket holes),
or in a press. Prior to lamination the release liner is typically
pulled off the adhesive layer 56 and a panel or strip of circuits is laminated to the
sheet 50 using tooling holes 112 for alignment. However, other adhesive and
lamination methods, such as those mertioned previously, may be employed.

At this point, attachment and bonding of an integrated circuit die may continue

uninterrupted, or the nonpolymer sheet 50 and the attached flexible tape 58 may be
shipped elsewhere for further assembly. In the latter case, the nonpolymer sheets 50
and the attached flexible tape 58 are typically cut into a strip format prior to shipping.
In a strip format, a single chip scale package strip typically has numerous individual
die squares S1. In either case, further assembly typically involves removal of the
second release liner from adhesive layer 64 in preparation for mounting a die onto the
nonpolymer sheet 50. In the case of strip format processing, strips of nonpolymer
sheets and attached circuitry are loaded into magazines for processing. Die are then
typically placed on the tacky side of the nonpolymer strip (opposite the side with the
circuitry) and cured if necessary. However, it will be understood with benefit of this
disclosure that a die may also be picked and placed onto a roll of nonpolymer sheets
(as opposed to a strip), and that a semiconductor die may be placed with its circuitry
level adjacent or opposite the nonpolymer sheet. The die side of the nonpolymer strip

may also be left bare of adhesive and a die attached adhesive (typically epoxy based
materials) used for attachment of the die.
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F7, each lead 120
from the tape is bonded to a die pad 122 using, for example, a bonding tool 124. A
fixture 126 is used to support the tape (including the dies) so as to allow the leads 120
to break at a frangible portion (or notch) 126 during the bonding process. As shown
in FIG. 8, the strip may then be overmolded by filling in the slots 110 with
encapsulant 132. Typically the encapsulant is contained by dam features 130 and
cured using a suitable curing method such as, for example, UV or thermal methods.
Alternatively, as shown in FIG. 9, the strips may be flipped over onto a fixture surface
140 and the slots 110 filled with encapsulant 132 from the die side of the strip without
need for encapsulant dam features. As shown in FIGS. 3A and 3B, a die 52 may also
be connected to a circuit trace layer 59 using wire bonds 82a such as, for example,
when a semiconductor die is "flipped" so that the circuit layer and die pads of a
semiconductor die are oriented in a direction facing away from the support structure.
An overhead view is shown in FIG. 6A.

As shown in FIG. 10, solder balls (or bumps) 54 may next be mounted within
openings (or vias) 62 formed, for example, by etching openings within a polyimide
layer 60. Solder balls 54 may be attached to strips using any method suitable for
forming a secure electrical connection between the balls 54 and the conductive
bonding pads 59a including, for example, heating and reflow using any conventional
means such as IR, convection, or vapor phase. Although not shown, vias 62 may also
be processed as plated through holes (PTH) and/or be filled with a separate
conducting filler material prior to solder ball attachment.

At this point, a strip or roll may be cut to form single or multiple die chip scale
package packages (a single die package 150 is shown in FIG. 10) . This may be
accomplished using any suitable excision method such as, for example, punching,
cutting, or other similar process.

In FIG. 11, an embodiment in shown wherein the active circuit side of the
integrated circuit 158 faces the nonpolymer interposer 50 and is adhered to said

interposer with an adhesive 150a. In this embodiment. integrated circuit 158 is
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down the center of the integrated circuit 158. This type of circuit construction is

5  typical of a variety of circuits, e.g., dynamic random access memory (DRAM)

integrated circuits. A circuit member 159 consisting of at least one layer of patterned

conductive layer 160 disposed on a non-electrically conductive base substrat‘c; 161 is

attached to the nonpolymer interposer 50 on the side opposite from the integrated

circuit 158 by an adhesive 150b. A first set of bond pads 162 on such circuit member

10 159 are situated adjacent the slot 154 of the nonpolymer interposer 5§0. Electrical
interconnection between the integrated circuit 158 and the first set of bond pads 162 is
performed by wire bonds 152, or for example, with either inner lead bonding of the
leads from the flex circuit (not shown). The electrical interconnections are typically
protected from the environment with a polymer based encapsulant 151 which is

15  deposited into the region of slot 154. The first set of bond pads 162 are connected to a
second set of larger bond pads 1585 situated in an array outside the area of slot 154
through conductive circuit traces 156. Conductive members such as solder balls 157
are attached to the second set of bond pads 155. Attachment of this package to the
final printed circuit board is made through such conductive members.

20 It will be understood with benefit of the present disclosure that other chip scale
package configurations may also be fabricated using this method, including packages
having more than one semiconductor die. In addition, non-chip scale package
configurations, such as conventional BGA packages, may be manufactured using the
disclosed method and apparatus concepts. It will also be understood that although the

25  methods just described and illustrated are for manufacturing integrated circuits using a
strip format, benefit of these methods may also be obtained when used to manufacture
integrated circuits using other processes and formats, including, but not limited to,
integrated circuits formed using a roll-to-roll (or reel-to-reel) format. In this way
benefits of the disclosed method and apparatus may be realized in formats compatible

30  with existing industry infrastructure and with newer formats currently being employed

or developed. It will also be understood that the aforementioned packaging process
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While the invention may be adaptable to various modifications and alternative
forms, specific embodiments have been shown by way of example and described
herein. However, it should be understood that the invention is not intended to be
limited to the particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the

10  invention as defined by the appended claims.
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10%& () -S"10%& () ! Sa&%{t@grged Afduit (52;352) having at least one electrical contact site

centrally disposed on a first side of the integrated circuit (52),

- a flexible intermediate circuit (58) including an array of electrical
interconnects,

- at least one non-polymer layer (50;350) having a first and a second side,
said first side of said non-polymer layer (50;350) being structurally
coupled to said first side of said integrated circuit (52), and said second
side of said non-polymer layer (50;350) being structurally coupled to said
intermediate circuit (58),

- a slot (110) extending through a central portion of said intermediate
circuit (58) and said non-polymer layer (50;350), the slot (110) aligned
with the at least one electrical contact site of the integrated circuit,

wherein

- said at least one centrally disposed electrical contact site of the integrated
circuit (52) is electrically coupled to at least one electrical interconnect of
said intermediate circuit (58) by a conductive feature (82) selected from

the group consisting of wire bonding and thermocompression bonding,
characterized in that

- said non-polymer layer (50) is electrically conductive.

- said non-polymer layer (50;350) is adhered to the integrated circuit
with an electrically insulating adhesive layer (64;364), and
- said non-polymer layer (50;350) is adhered to the flexible intermediate

circuit (58) with an electrically insulating adhesive layer,

2. The electronic package of claim 1, wherein said non-polymer layer (50) is
electrically coupled to said integrated circuit (52) to form a power or ground

plane.
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elasticity of greater than 6.89 x 10° KPA.

4.  The electronic package of one of claims 1 - 3, wherein said conductive non-
polymer layer (50;350) is a non-polymer support structure comprised of a
metal foil having a thickness of between 100 pm and 250 um.

5.  The electronic package of one of claims 1 - 4, wherein said conductive non-
polymer layer (50;350) is a non-polymer support structure comprised of a

copper foil.

6.  The electronic package of one of claims 1 - 5, further comprising a mounting
layer (351) having first and second sides, said first side of said mounting
layer being structurally coupled to said second side of said conductive non-
polymer layer (350), and said second side of said mounting layer (351)
being structurally coupled to said intermediate circuit (58).

7.  The electronic package of claim 6, wherein said mounting layer (351) is a
polyimide layer having a thickness of between 25 pm and 75 um, and
wherein said conductive non-polymer layer (350) is a copper layer having a

thickness of between 1 pm and 50 pm.

8.  The electronic package of one of claims 1 - 7, wherein said intermediate
circuit (58) has first and second sides, said first side of said intermediate
circuit (58) being structurally connected to said second side of said
conductive non-polymer layer (50); and
further comprising a plurality of solder balls (54) or bumps electrically

coupled to said intermediate circuit (58); said plurality of solder balls (54) or
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bumps being structurally coupled to said second side of said intermediate

circuit (58).

9. An electronic package according to claim 1, wherein

- said flexible intermediate circuit (58) includes a patterned
conductive layer (59) and at least one patterned dielectric layer
(60), each of said layers (59;60) having a first side and a second
side,

- said second side of said non-polymer layer (5) being structurally
coupled to said first side of said conductive later (59) of said
flexible intermediate circuit (58), and

- said integrated circuit (52) includes a plurality of centrally located
electrical contact sites, said contact sites being electrically
coupled to said conductive layer (59) of said flexible intermediate

circuit (58).

10. An electronic package according to claim 9, wherein said eonductive layer
(59) is patterned to form an electrically conductive region, wherein said
dielectric layer (60) is pattemed to form a plurality of openings (62)
extending through said dielectric layer (60), each of said openings (62) being
configured to receive a solder ball (54), and wherein said second side of said
conductive layer (59) is joined to said first side of said dielectric layer (60) so

that said plurality of openings (62) in said dielectric layer (60) are aligned
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layer (5 9).

11. The electronic package of claim 9 or 10, further comprising a plurality of
solder balls (54) or bumps disposed on said second side of said dielectric
layer (60) of said flexible circuit (58), each of said solder balls (54) or bumps
being positioned in one of said plurality of openings (62) in said dielectric
layer (60) and being electrically connected to said conductive region of said

conductive layer (59) of said flexible circuit (58).

12. The electronic package of one of claims 9 - 11, wherein said conductive non-

polymer support structure (50) is a copper foil having a thickness of between

100 pm and 250 pm.
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