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BACKGROUND OF THE | NVENTION Field of the Invention 2 3 MAY 2003 The

present invention relates to ultra-thin, high performance, and extrene

hi gh- densyp¥psi-Rgt roni ¢ packages. Mre particularly, the pppgRRbesdgy£Nti on

uses chip thinning, adhesive bondlng, and Ianlnated m croel ectronic

i nterconnect technol da¥H & : » Wth extrenely | ow

t hi ckness di nensi ons. These thin CIrCUIt packages can be stacked vertically

to create a three dinensional electronic package with the highest possible

functi orBACKGREEND vOF UPRE DNVERTEONOn of Related Art Chip thinning has been

avallable in rudinentary formfor many years. Backside grinding to the

range offudkd phoknei IRFBRtLANCckness is commonly enpl oyed where hi gh heat

trapsfer or |pyeppplibes anecheddhr ediathe quurrttrﬂawh%nemqb 1000m in

order to avoid chip damage. For silicon thickness of 50m and “bel ow t he chip

shows sdRrFPERRDFei t §REhartrARPehigE~48NERE YL Ril@GTeS idecr eases. Adhesi ve

f1i p- chigy besgh o9 hﬁéré’eﬁﬁ'rt@édl&kl? SURBEPF B naPAIHERLips such as

chi p-on-glass for flat panel displa chi p-on-flex, and for high-end

nul ti chiYSedelh &R, tiskenlng, éQEﬁﬁF&e h@ﬁﬁéﬂgrPﬁ@@bé@Fﬁ@§q@ﬂernat|onm

Conferemﬁecp&fé@@%ﬁﬂeclﬁééeeahxeckPQeéanl%t;@bﬁ-_golbro%deN%y 1996, Vol .

2, IPC-TP-1111 pp. . The bond-1ine between “pads using adhesive flipchip

calf be as-lwwtasp@@l@@%uwm:hr@ﬁ%reqn@u%&ﬁweahéﬁukﬁe@@nds t he height of the

gol d bung det e e [ n d ticles
%’é&%’é{%o BLOL D ﬂ%m chepdsti ﬁsﬁkgb‘é'& Jd% @‘%%5%

deternlne t nd-11ne thickness wt nbanpe |ps and these are
vertically to create a three dimensional electronlc

package with the highest possible functionality per
volume.

15
Description of Related Art

Chip thinning has been available in rudimentary
form for many years. Backside grinding to the range of
100-2000m silicon thickness is commonly employed where

20 high heat transfer or low profiles are required. The
minimum thickness is 1000m in order to avoid chip
damage. For silicon thickness of 50Cm and below the
chip shows some flexibility that increases as the
thickness decreases.

25 Adhesive flip-chip bonding has been used with
success in applications such as chip-on-glass for flat
panel displays, chip-on-flex, and for high-end multi-
chip modules. See, for example, Zenner, Proceedings
International Conference on Electronic Assembly, IPC

30 Northbrook, IL, May, 1996, Vol. 2, IPC-TP-111l1 pp. 1-
14. The bond-line between pads using adhesive flip-
chip can be as low as several microns. For bumped chip
bonds the height of the gold bump largely determines
the bond-line thickness. Added particles determine the

35 bond-line thickness with unbumped chips and these are
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z 3 EE; ~ ~0~3 WD 00/ 31798 PCTNS99/ 24871 usually in the range of S-ib3 KAf 2033
m crons. Bunped chi p bonding nethods involve a relatively sinple task of
conpressing the bunp into the circuit pad to nake a reliable connection..
Rel i abl e bondin% met hods for 5 unbunped thin chips demand greater care to
i nsure t haVOOH&M"bnductive particles are indeed trapped betWeEHStH#Stont act
pads and (d\@d1 BXCESStRAr EhRH8S0E05R0D REEEBAst.0 Bumgakbrnagd | ocation.
Lam nated mcroelectronic interconnect flex_ 10 circuitry is designed to
enabl e mRAPPIRI IBGERQIDT L1DBOAVENRCKSF REXVELYCERTPY St 63B& @fed to prepare
densely rufhedesdieyi bhe shmpUihsoWM hB agtealitt BhakRgsmaRle about -
500m | ayer. See, for exanple U S. patent 5,601,678 to Gerber et al.
| nt er | ayefebialarecnsechepidedRahi eRlRabendingt BPLAPEReLeOr of only 4 nil d
(10051 Wit GADL AT €n PROSH DAY BEmEnl b5ch1800LaYdi8MehSl TGl Vias
prepared by drilling and plating require capture pad dianmeter of at |east
16 mls odn@nqonGMleyﬁiBarayﬁhaﬁearelégd@aﬁ.éﬁasp@dzbetw@@pnghWUCh finer
than convelts poal pladt dahee Lt clkbsss FbhPreBiBSakbARBRERL 1WUgd general |y
require very fine pitch at the rnner lead region due to {he fi ne pad pitch
(about 200=rgaxiy mghlpedtionnt found on many integrated circuit chips.
Flip-chip bonding; of .28 FULLLE)EcLhLRg oM LapLAhect! exels only possible
because the lines can escape roug o the Tower routing |ayer owing to
t hi §0 smaldindwisiyel s Chasbaghgdusedenabhai quésipoe Lhiyprehiof i2%Br connect
required pondin L th. pef d,.sojl de L3 bondi ng site on
the chip. yplca}¥%,g%%§%£gs |E§r£%a?FQ§uﬁﬁsBﬁ§§gP§ g%g%%igff hei ght of
nore t hamrd®fsa, Ahbd¢kebleonipouatsaehhbnacteshnituekhessbarfe i nt egrat ed
circuit chi i i ndi n f e age.nhoun chips. The wire ~
| oops upé%ﬁg %u?O@%yf?g%¥the§%§d g?geggﬁaéé%engVegﬁé?gﬁt again on the z
3 E ~ Y v WEHTDI 84768 PEX/ £6981248Ydterdleyenf viB60areThese wires are

usuad |y protecte .addi ng gl ob-to ur ab pastes,that _add still nore
hei ght tolré%@ﬁé%%i@){b% dbagxﬁi?ePBE?E é%a’t“ﬁctégé 8§r8“fycﬁi B‘lggndi ng met hods
coul d contkid®ab] ywbeh pespoupedpads having 6 mils (1500m)

diameter. Typical vias prepared by drilling and

plating require capture pad diameter of at least 16

mils (400C0m). Thus this laminated flex can enable

-

20 routing much finer than conventional laminate circuits.
Flip-chip attachment will generally require very fine
pitch at the inner lead region due to the fine pad
pitch (about 200_m) and high pad count found on many
integrated circuit chips. Flip-chip bonding of

25 multiple chips on laminate flex is only possible
because the lines can escape through to the lower
routing layer owing to this small via size.

Commonly used techniques for flip-chip
interconnect required bonding with reflowed solder ball

30 bumps at each bonding site on the chip. Typically,
these solder ball bumps have a stand-off height of more
than 100Cm. Arother common attachment technique for
bare integrated circuit chips is wire bonding of face-
up surface mounted chips. The wire loops up and out

35 from the pad give an effective height again on the

89



5 using thin chips (500mor less silicon thickness) they remain handitdg¥edd?3
by the stand-off |[imts of greater than 1000min height that will prevent
the production of an ultra-thin package. 10 SUMMARY OF THE | NVENTI ON Thi s

i nventi onwgy@lseyws chi p thinning, adhesive flip-chip bondi ngcrandebssni nat ed
m croel ectroni c interconnect technology to provide a flexible electronic
circuit pagragef dRETBhodingsst W SSh@ res Ysadnty dicoteatigd dbyrensi ona

mul ti-chhgg¢hECH bpR3ekage ARG R st shichied L Rdonded, 1o a flexible
circuit substrate, offers the distinct advantages of mnimzed total volune

and cont haiebtf taceirehalchily bead.i f Wrigdes &P tho derdigre fllares. ne -
enbodi nept. . of I 0,.Gl it a i-nGl '@ﬁﬁg e sem conduct or
devi ce m?bhBab%EP%Q%e?%kggﬁﬁeggﬁgﬁa%%ggggf%%gé'gﬁ%gi exfﬁ%% circuit

sub$t r at eswnghthivorddesi U608 oui tlessasd Lillvmredini e s adiesgi ve | ayer
wth a thj Nes | h u U t e i conduct or 25
devi ce ag%‘%%ﬁg gﬁggﬁictgigﬁgsgga?gg %ﬁéﬁgeﬁf?gr%’%‘g%o% %?e&fk{:eeafegpel ectrically
connect ethéap ihé0mi ceuheighdcebadurwiidd plrevieortditinge prmochdifrieon The circuit

package EE3%gs§lkggntﬁgguk6§§?ﬁggn thick and retains its flexibility after

assenbl y. | n~anot her ‘e nt of the present invention, the circuit
packages may be stacked on one another and | am nated together to create an

ext penel i gh- densi -dinensi onal electronic circuit package. The

| a nate%ughggﬁi&BpggéagggﬁgnggFectricalIy J 2 3 ~~"Y "c~?3 WO 00/31798
PCT/ US99/ 2487thi.Bt ¢hgeRfeehedmblogBe canpt her nantho, heleagtuoni ¢ package
remai ns f| exible after assenbl he circuiit package of the present

: , y. T
i nventi ohthBSCRAR RAVEANEgeBf LaltEaGeSt FESTOFHE TF IS overal | 5

t hi nnessinfBecbhaxihi ketynefiohhetsi bire@idener ¢ases s the thickness ~ -
decreases, After cool-down fron1bond|ng§t erature, the thermal expansion

, e
ni smat ch®aRBhEOPhe FLESPBFePeFkedrr sOBSt PIPLA1EEREsAfe,tN8nd t hi nned bare

senscondugentdemi, ce kpadaihenteBabhemsl £eSeeS palcitriie 10 patheldat e surface
and al ong the edge of the adheS|vgﬂénear t he _i nt.erconnect pads on the

seni condi@e8r °8edi EBYNN¢HeFRAP RPEABECACaPsS LEFHPL HESWIF conpr essi ve
stress ogubbergtef aserekst BReSaNEQRAUChAKaARYIGES. JPehmaMiRatdn or cracks

in the adhesive can
total volume and continued functionality even if
exposed to bending forces. One embodiment of this

20 circuit package includes a thinned bare semiconductor
device with a thickness of less than about 100 pum, a
flexible circuit substrate with a conductive circuit
trace thereon, and an adhesive layer with a thickness
of less than about 25 um between the bare semiconductor

25 device and the circuit substrate. The semiconductor
device is electrically connected to the circuit traces
during the bonding procedure. The circuit package is
less than about 275 um thick and retains its
flexibility after assembly.

30 In another embodiment of the present invention,
the circuit packages may be stacked on one another and
laminated together to create an extremely high-density
three-dimensional electronic circuit package. The

laminated circuit packages are electrically

(93]



15.arise in a package with full silicon thickness that retains the2s8rga%.7023
_ These flaws can propagate through the interconnect pads leading to failure

of the device. This stress is overcone in the flexible circuit structure of
the present invention as the tensile force 20 inparts a slight curvature to
the packad¥Q0%¥378% or no stress adhesive flip-chip of this ?‘}’Ef&’%"é’dﬁl’”vvi | |

have substaniiadyesaduced teadensyntp Lakl chiheithicnadhesive |ayer ,
bond-line also allows for inprovenent in nmechanical and thernmal properties

of the 2Padkaas tremainaget bexihke prEsent 2FRAGBRLYON. The very thin adhesive
layer will beghle&ig.ipl eﬁsé&é@m%@eof_e{ﬁéa @R eGir YALMGLE ideSgibed above. A

t hi cker adhesive | ayer would not. Thin adhesive would further reduce the ¢
ef fects dfhe et axpansi vedwped het ress 3duexédr sitenoverkiedd! |y, the short

t hergral Fh%ti'}\nte@so.ugﬁr%@ef DES| YE I So EXPREL EQ%H%oﬂeiﬁ‘E@:@e%is%@t in spite of
the rel atively poor ermal conductivity of these materials after cure.
Very thi nhel gdtirdmes patkaxgagesan khabl ecaew-86wdeirom beckinologi es. The

circuit structur of ) fie . Q0/ PCTI 71 present
Cvent i on ST Gl herde D a3 IR BT R FRET D G Gat
storage ddmmﬁu%eiaﬁ&gmﬂﬁ_%umﬁmraueh a@heﬁbveexanplehihneanbakecraft
cockpi t. e SLERIION Cy el i SUi {2 SAL UL ULES 01 ot e BrLesent | yenti on may
al so enable deve opnent o conp?e ely néw el'ectronic systemformts. A

fl el bl e stirstuat stswcfare amy haby etlpe oddgei ofi cheaadekedteoni ¢ devi ce

that conforns tq non-planar surfaces. Fo X l. i,n the garnment industry
a nanufac?%ﬁ%ﬁ K ﬁn%ﬁéﬁﬁﬁﬁp%ﬁg?rﬁﬁiér%ﬁiéhgrggﬁéﬁggdgﬁgpéssable
i dentifi ecatviee)Ci r CChdria I hmisma Seana bso beoratrhbatksgaopat ch that verifies

the article as an. authentic product. TPis cogkg be used ta conbat C-
f raudul efOTRERST ST T 9Ho 17 et bl SHEF P81 bEwblifd SBBLFEAGHERE o funct i on

regar dl eseviaw .t heogadnmatdtien hendt eslck§ oi dedhe Absesi¢enmaan devi ces coul d
be designed with radic

| shapes apd. di mensions_as the lintations inposed
by ¥ anabiciam gt e ds cvoter Lohb. SThotaR: FBIEKISFOWERES ca packag ng
vol ume ofrddd iy runb tststdsicl Uriisesd £ hewpressnpropugateonhwOUlH
substant%%k!y reduce the meug?t aqg,size o% ﬁgectrogic devi ces. BRI EF
DESCRI PTITOS OF R PRKANES FF g-€391789 aF_chBMalFE, Céxpl6dd8V158r spect i ve
view of aHiig atide gackagevofcdie i esentfiexebleonirdhetcircuit package is
shown i ncor oratedé%gpﬁﬁg nulti-lqyered electronhc Eacka e; Fig. 21is a
schemati &° Setti IPRA W bf LV TRt 1P af8r EGCeFEBPL Ofi £OFaEKkage of the
prexent iimerdon $ihhBAdsvar sedef@ttife r pperagat at holoef ost abe of stress
after bondi ng in(f nthi-Iqﬁgred,ele tronic gack e of the present
i nvent i oft455$ ;dhesiye lig-chip B0 31 TYBE PR BSY8,2487VE Fig. 3B is a
schemat i GumwyyRsed Aty oredicsd atenddnsyressfatter relaxation in a

mul L1+ Layered gl ectron! ¢ package, of  Tho RLepent LIYENL on; Fig; 4 shovs the

improvement in mechanical and thermal properties of the

25 circuit package of the present invention. The very
thin adhesive layer will be able to tolerate the
relaxation curvature described above. A thicker
adhesive layer would not. Thin adhesive would further
reduce the effects of thermal expansion on thermal

30 excursions. Finally, the short thermal path through
the adhesive is expected to be efficient in spite of
the relatively poor thermal conductivity of these
materials after cure.

Very thin electronic packaging can enable new

35 device technologies. The circuit structures of the



5 of the thin chip-on-lamnate fl ex package nade according to the gi?fiﬂ r
. Exanple 1; Fig. 5 shows a conparison of environnental aging data f el 1
thin circuit package of the present invention (5017m (Fig. 5A), and for an
identkgﬁ4 package with a chip of standard thickness ji.,g. 5B);
Fi g. s%gx?%rmeelectrical contact performance of the fﬁﬁﬁ§%¥é€hit package
of theepeesennviemrdnin emaiotch Hoeflorei hhdoaf packbbéndDdenlstityl5 chi p

| am pat Luct yr r cke am i nto mul ti-chip
elecpgo F§%6§%CEP%§§¥§ﬁ%¥3%§¥¥and§€$%% ggggggggcgénﬁﬁﬁgggonparison of the

t hi chkmeas efuica tlsredodi meszsipoleal b ezthranrcral0 packpge.offhehe present X
invention to.that of .a cqonventional ghjp sca ckage. . DETAI LED
DESCﬁﬁﬁ?FEﬁnéﬁ THE RVENTI rh%a%ﬁr?%gtﬁ% éf%geﬁg %RgeBFéggnt invention is
a 25mair allsb paakage db&elltatmeronin hesompl ét@bgdnawt i ve seni conduct or
conmponent 12 nounted orn. a flexible bstrate 14 using an adhesive |ayer 16.
The 8??8 FP“&&CEH&SQ %Q¥W%ﬁﬁtxuﬁy§g%¥h5gﬁ SbBEPl%.OOI i nch and about

0. 015t iraehutd5magn@n3BARMp tdteds i g ed £r abl ¥1 30t behweerde0i0@2 i nch and
0.011 inch 8500n1and 28003} t hi ck. The thinngd sem conduct or conponent 12
has bB8h BPBEESTEd Yo PETRIE RS IH: t&kness t bOF e€¥aPR4AR- abBut 100-m

pref enabhyrihens thamskkguta Mufmstupsef €6abliyefibedZa3 ~, a¥Y ~~~3 WO

00/ 31798_PCT/ US99/ 24871 | ess an ahout 20m  The el ectroni c conponent 12 i g
bond8d™PAEeTAGHA & SANEAYe R Q?%ﬁég{?a% eR%iL3R_t&PBCt roni ¢ conponent 12

is bendeditowthhe isulstikate okt veridheh tAi Nodayesteh 8Raddhesive 16. The 5
adhesi ve | ayer 16 may be applied on the underside of _the electronic

conpBREAELE3, thRd AEEAGLRg FFad (RS C RFORGhpl eTh§8I d bunps) on the

undeesdg Bk tLiBRdS@D ¢RAHAH Fr AAUPLERHIné AGhas8AOKE, i NTREY. 1) may push -
through t he adhesive layer 16 to make contact with
flexible circuit would be required to function

m 0> Y

regardless how the garment is handled (folded). Also,
common devices could be designed with radical shapes
and dimensions as the limitations imposed by planar
circuit bhoards are overcome.

The extremely low device packaging volume of the
circuit structures of the present invention would
substantially reduce the weight and size of electronic

devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic, exploded, perspective view of a
circuit package of the present invention. The circuit
package is shown incorporated into a multi-layered

electronic package;

Fig. 2 is a schematic, cross sectional view of a multi-
layered electronic package of the present invention;
Fig. 3A is a schematic representation of state of
stress after bonding in a multi-layered electronic

package of the present invention;

q

Y



18y ann
10.conductive circuit traces 18 on the circuit substrate 14. |f thez3 WAl 203
. electronic conponent 12 has no additional nmetal on the chip bondi ng pads,
t he adhesive | ayer nay be | oaded with conductive particles. The conductive
particles maﬁ,y be_either by randomy dispersed through 15 the adhesive film
or placed i 03’3}5%?& erned arrangenent. Typically, the thin amg’r’v&m&&er IS

| ess than raRout3H0M thigdhendef €r abpYebeASat h8R aFOWk a22Mdltehi Ck, nost
preferably about 2-15mthick. This very thin adhesive |l ayer offers

nmechani calSt&RF S Ry 1ehfefatsoR0olp| dWPBRY- LRNETSEr 848 CtFORLfal t her mal
expansi on dafnQuehit dihe ppesatd ngnbeppesature, and increased heat transfer
t hrough the thi'n adhesive | ai/er) that |ead to inproved interconnect /
reliabilifl9-BAafIXs dthes ghedt el aghesPUbarayBrS IPABROGE 25 catal ytic '
adhesi ve {ystes @ﬁ%?fdrﬁ%i_drﬂ-iér&ng’@éeﬁiekaﬁaékQQ@ fdaet 0 Haak et al.,
which is incorporated herein by reference. e adhesive system may

opti onal | paasdldide £l irRPeRRwEe t Bxampioveés adhesi on to the surface of
the el ect zQj ¢ Capanent , f h nt described in
u. S Paterggral\'lo.SCS, 143, %SC to %jé%? gf %ﬁqvg%(\%ﬁp%ﬁtiag |S gg por ated herein by
ref erencedasai tfalyl &hrarthicl esi yeel udeackage exfinphe, pgekdntoat ed ni ckel

particles.; f.l exi ubstirate i u Jitable 35 circuit
board mat elrrlpazl%t()lroqgoﬁyo?enﬁi c&tnjhfér?%f’. ”%Q(d g&g gﬁ~%§¥§g¥§53\0 001 31798
PCT/10S99/ 248Kk der efidry ed chulistofat stamdard atsickokade pol yi i des such as

t hose avai la-e under_t trade designation Kapton fromE. |I. Du Pont de
Nenour s, I(rls?@:?[\h’l@r?gtgﬁg) ‘DE, USA. The flexible substrate 14 further

i ncl udes &¥iy.cédnduciwsveha rediedt sicalttcortédat parifbrivenekectrical ly

i nt erconn t Q.hondi.ng sites on the sem con conponent. An opt'i onal
protecti vg)cft:gg'tel %gm(%no S uolv\i?n E?an&f’—‘all%f.3 i? %% %gg%gh ed to the circuit
packages 1tviemtpreeydnttH @efinteaammat a Dneanthée o2pr otiéeti -t he i nt egrat ed

Ci rclgit ckclzihpl. @%Jiunrat hers irl | q:s&x[ast e"(vj iél 5{ c‘:kéLdan Fig. 2, at |east two of
t he 'Ci rcuit ‘Packages S YRS e tht | AVRRFTOnRdy be I aminated to one
anot her tdamimatcel anth rufld haler-echip he becdrovmnsi onal el ectroni ¢ package
20. The cicric%uil‘{titpactkrz;%ets ]éQ may be | am nated together using a | ayer of a

| am nati ng adhesi ve - Ydnd r%ayd be electrically interconnected with one
anot her uglirg, 7 drs exalematite wmredises ofi th& Patent No. 5,601,678 to
20 Ger ber %t. | ., which 3%1 i nco&.porat ed hfr%i]n P% reference. The | am nating
adhesi ve 2 e zfrﬁc/ HHNESVE LRI atner 8nf’ﬁe fl exi bl e substrates
14 120 one pamdzher o fantheap radhasi vinwerchi@s tdioskeaavakl abl e under the trade!
desi gnati gn @/r(%l.ux FfromE. I. Du 25 Pont de Nemours, Inc., WInngton,
DE, UsA. Ti&% SR R iRt 1Y adhesi ve |ayer is typically about
0.5 mls (13 Vim. An optional protective coating (not shown in Figs. 1-2)

may be applj th i &, RAG 30 prevent contam nation and
to prot ec?”%@ S€ %Cyﬁmpﬁ%ﬁ 'MT nmufti-layered, three
di mensi onal el eriffeiviqgoackagey 201 oftidep psesent 1 hwadibAnignabl e extrenel y

hi g%ssi l'ican Ctpa,cki ng densities. As an jllustration gf 35, the dramatic
packdng d&GTiids HEIAds & Qe reempines a thinned active

semiconductor component 12 mounted on a flexible

substrate 14 using an adhesive layer 16. The circuit
package 10 is typically between about 0.001 inch and
about 0.015 inch (250m and 3800m) thick, preferably
30 between 0.002 inch and 0.011 inch (500m and 2800m)
thick.
The thinned semiconductor component 12 has been
processed to reduce its thickness to less than about

100Zm, preferably less than about 500m, most preferably



1Y ann
T 3 E~~~~ 133 WD 00/ 31798 PCTNS99/ 24871 present invention, on the ?e% t'\"?nlma
Fig. 7 at 100 is an el ectronic package of the present invention that
includes ten circuit packages 10 | am nated to one another and electrically
connected. On the right in 5 Fig. 7 at 200 is a conventional package for
mount i ng YOI BAi ¢ devices to a printed circuit board - krf’cﬁﬁ”?gﬁn?‘f?é art

as a "ChippsScalfnPagkage. Jofach ewastiyst keRiknebrges @ g bad I's 150 on
its lower surface for attachnment of the package to a printed |0 circuit

board (nétorsdfsivfase Fpn 750 pihuftatebhBuAtPssFase éfl ow. This drawing is

approxi mat el y 1i{e soad & r S0t shoMSoh 6e PR enti abnakbqt Re &leet roni ¢ packages.
of the present invention to reduce the size of electronic devices. |5 The

overal | tIHRffeR 14 el & reuttipatRegesoioaanddepedteordic paditages 20 of
the ?res%gfuhéﬁ‘(ﬁé“tl'é%}bf eﬁ@%ﬁﬁ@%@b@éﬂ@g legf\') %g}g%&% iqg o the

packages ring the ‘bondi ng process (See Fi : ter cool down from
bondi ng tEévperlaaironihecenemeit ekpamnanbopdangnnedls A tdfo circuit

substrat 4,.. | Vv Lnn Lk hcon ¢ he el ectronic
devi ce 1‘;%eaed?atq%bqtsée’n§4lgé,?§% ss”s)e:‘tgllgt&5I euggﬁgﬁéggsggs?ﬁﬁe sur face
([err]!) sewdcdrohgrttdie eugeorndnt henadhesdwe fneligt hé)i magr goretect pads),

as wel | | V. ' n siligco ce.(aSi).

Del am na'?Clshor(r%qu‘{gll\r gt}:‘éckagdkf%gﬁez laa(lj)ﬁee‘{s)i %/éehﬁ% %éhga??ggg%ﬁ g’lgt?)rcui t package 10
wi th ful lcagidiatave ickaeiss tiateseidiors the siresst Théose fdtamss can

propagat g f hr ough %Hée él@&f%ﬁﬁf%o@@ge&é P9 hhg %eﬁﬁh%iiﬁn%el‘” ce 12,

| eadi ng t'o device Taillre. SsS i S overconme wth exi ble silicon
as the terdidle drortde igipiay toredistg ghidsur Ve uadhesivhe leiyequimtaypackage 10

(See Fig.. 3B). t.Q.the flexihili f thin chip the.entire flip-chip
package (?aenl%boear#cfc‘)“%en a&oqcrl%%%le‘ﬁesi %rtgln%igghprgg%i sce’Rgtquslsver emaining in

t he bond pditer itd eshetaplbeexgatisd wroyn sardiahl y Adi spepse8 thfodigh t; ~ ~0~3 WO
00/§798 tPCT/U 99/.24871 no strel[ss adhesi ve f%ng-chi p_bond will have

subst ant iA19 Y PEFICSH FHUSP IR T TR preERRT PRYERGSSEG'I I now be
nore ful Iypdesdrivhedhd tdhirefattencievd ald yer f 6| basagthan- labwiuti ng 5

il 1 pl o 3P i G o HAe TR 61070 SRPORhi Bo( DML 26 Sy si 11 con waf er
was obt ainmest forenieMatriss ateoud i+ dinl tehokact DThisgvepy, thdkM), St. Paul ,
N VA S AGR VR 180 20, LNER (6 O e, AR four e,
x 3B0GY) (Mmworbohdrlline Hrrdds,( Midmma R50Geymal uakpanspads. The
throughout the operating temperature, and increased
heat transfer through the thin adhesive layer) that
lead to improved interconnect reliability.
Examples of suitable adhesive layers include
25 catalytic adhesive systems described in U.S. Patent No.
5,620,795 to Haak et al., which is incorporated herein
by reference. The adhesive system may optiocnally
include a coupling agent to improve adhesion to the
surface of the electronic component, such as, for
30 example, the agent described in U.S. Patent No.
5,143,785, to Pujol et al., which is incorporated
herein by reference. Suitable particles include, for
example, gold coated nickel particles.
The flexible substrate 14 may include any suitable

35 circuit board material or polymeric material.



1 an
wafer was thinned to 50Gnthick at the United States Departnent ofz a)e'f‘éﬁs‘«gga
. Mcroel ectronic Research Laboratory (MRL). An adhesive made with a

t hermoset/t hernopl astic 20 bl end cast from sol vent was used as the adhesive
| ayer. The adhesive was selected for adhesion to the flexible substrate
surface, aw® 003&19%8ded a catalytic additive for fast cure and®C@/EHIE#§7g

agent for, i mpraoved a sion t . chi p. face i N) .. The adhesive was 25
patterne&gﬁa%¥%ﬁﬁ;%ﬁ§$}%%g é§3%$§kérép%$¥?8$§sp%§&§ 865d5#ﬁ§ﬂ inch grid.
Lam nat e sf [tévosa racud tlsalvker eapdepariee byadier desighhtliam Katitog an

inter-layer |am.mnating adhesive to a thickness.of .about 12 gym The -
| am nat i éo%gﬁved%o& %ebt arned Tr 0%51%3 " %l%ﬁll%g%tonde nour s, {
W | m ngt arsA .DETHESA Lndigs1 ¢ heulh s tarket elesd ghattbarPynalluxelsFa The | am nati ng
adhesive | ayer was applied to the back-side of.a, layer of .polyimde flex
ciroui & REECHL R, AT AR (TS Erph o L e e bRt et (1400
80psi 35 iM3=( ddaneatul 1t d adnd Bdg ce) t Peromi thke spmacessiuag o0 z 3 EE ~

~0~3 WD 001 31' 198 PCTI US99/ 248" 71 conditions. The |layer-to-layer |am nation
was conpl P §ig 400F (200C), 200psi (1400 Pa), and 1 hour fol |l owed by

cool i ng under zpy w@aﬁmmﬁ@g&y@el@dﬁim@s (pbe- shbaehed tFaqt.wo-layer 5
|am nate flex b irst. wetting the adhesive against the flex set on a 60C

hot platéd) TRY SEhERRAEI TRV W Presset RATFBPRPY 18vér PREVERTi re area by

rubfg ng Wdnft adniGitidh tddqpedch i&at ofhe TheraghasiMechielgase |iner was
t hen peel ed away and discarded after the flex was O cooled again to
anbi ent . SFH® t hi nned chip was placed on a |larger piece of non-stick

material (avaiysalH g fiaom DURME ra A M Mot Dg. DEanWSAiygnder, the trade _
designation Teflon). The nonstick material was placed on a manual flip-chip

bonder ~53&afdr e OfTHd ot s34 £k Pa%r99% Fef PONtHASPE5S20tr Jm thi ck and a

narrow sljirydn@hi JHAGHM KOl Certi YRSt S Wnd NahbtWetkhtd H2aqsdal aded knife.
The, non-stick Teflon 'l ayer was necessary to_avoid contact of the adhesive
to the tmrlfsdd avipratbe s h@FWearr iRnal eheahAPRdFdPacHagswsdOs| it hel ped

keep the Gl Rk Ald PUBHgSS 1handPrse YaniaRRkheEokeThe f Ly th

adhesi ve was taped to a glass slide using renovable fransparent 'tape. A

peri pher @ lavadi ®f & eridhitnateldtd fadre IV t 42 ckapel RMi 88 with an

appropri ahelat Sizad £ e r dHnditled -wi €189 08 gﬁbtﬁ@k%siaioutfoy 8 inch
(0.32 cm dianeter, or square, about 1/8 inch by 1/8 inch 0.32 cmby 0.32
cn)), wasyAded B mrardyresk B tth §hePebeobulor e§i 6R1lediBeited on the

bongh ar e The o1t apeth 1 o asso@s, SLited hbeebander upper position and
held in i 0 place by vacuum hol d-up. A 1ook-up/| ook-downh canera | ens was

i nt roduce&e® n t He hianigh piehedresd énd2Eheayebpeehve pads were
brought i g ARREIS8 Ald QUTBNndY: Adli 454 | Age Rt BN8T saBd c 2Bgukak 4posi ti oni ng

controls. The canmera | ens was renoved from between the thin chip S~ and
flex. Th&q RSB RF + R ran stthevi (hatueheas those available

under the trade designation Pyrolux LF from E.I. Du
25 Pont de Nemours, Inc., Wilmington, DE, USA. The
thickness of the laminating adhesive layer is typically
about 0.5 mils (13 pm).
An optional protective coating (not shown in Figs.
1-2) may be applied to the electronic package 20 to
30 prevent contamination and to protect the assembled
multi-chip device.
The multi-layered, three dimensional electronic
package 20 of the present invention enable extremely
high silicon packing densities. As an illustration of

35 the dramatic packing densities possible with the

8



I n
Z 3 ~~~aY ~~u3 WD 00/ 31798 PCT/ US99/ 24871 thin chip was brought int%3 KAY 2023
~contact wwth the flex at 30 I bs (14 kg) force. The thernode tenperature was
rai sed to 90C setpoint (65C actual adhesive tenperature) and held for 90
sec. The_thernmpde was then cooled to below 5 50C. The ther%ﬁﬁ t§ erature
was next WAMYER 0 over 240C set poi nt (200C actual tenpera §99 A hel d
for an gddsthenahvQAt$66, abnWhheh1B@itNt rf e Pr eF Al €1 y@si & egpved. The thin
chip bonded to the flex was renmoved fromthe glass slide. 10 The graph in
Fig. 4 eh®GkrPRécCePaekppeaPfcbRtabr eserforaiftit: M tHE % hin

chi p- onirk@muaéget%eéipeekeggamggsacw difig A ddheprygedure in this -

exanpl e. The graph includes data om four bonded sanpl es and indicates

accept aptethareptdnadeerbacrelvabPrPegters ERA roMent It afing tests were
al §0 peg{ rn?daehzbbg% §aEBh€§ntIEﬁagr St HG mo oG conpari son of

environnental aging data for the thin circuit’ package of the present
i nvent i @he¢ 5000 C( BpYicsa) toapndrrontad icdamuidaloqpckagekn@m a chip of

st andar g, ZQhéhgggnggsa(SQQQg} skEEh g paBkagthe datfn Fig. SA show |ower and
resi

nore stabl e i nterconnect stance thanthe data in Fig. 5B. This
i ndi catesnshaucthenf fegibdest yavget helilsi A Xhiqgs ity ldWew i ncr eased

conf or 1B0CeaLo Lhe substiaLe:duel Aot Bedhandi ng, of g Ardhat each pad 29

recei ves abol e sane force, eve f the "surfaces or stack
t @ cknessesuat ebsamdwhinot nshowni ior BigAl 0, hvhesumfeareemodrtexi bility in the

package, e ss Ln:th nd | i;ne _aft ; Ing.. These factors could
resul t ?(lr;]fcg ﬁi gﬁgﬁ’?r el %Hb%ngfgggg%agss??’\ﬁrﬁ]’“g%ﬁﬂéolgg tuoni cEs)arln%’bonds at the
el ectriamdl sbowacthpopotsntNebrecbushehiepe aareribes godBthdes @i ngl e fl ex

gi vi ng multi-chip.structure,. This represent.s a rultiple thin-chip-on-flex
Todul 6 SXAnBF8SSREXi TV ERT 18" te eduCEU R R ks’ st A it Voo 481

addi ti otarioedul e was stacked to prepare a three di nensional package.

le 2. A.three_dimensjonal . 5.An additignal mutipl
e chi p- onTRPes RBANE oCURLT B Bpdf ol 2 st e e 1. st acked

| am nat&dd fébactronict pavkagepr 2pavédthy fdrmesterrolindeamiirat i ng t he
inter-layer | amnating_adhesive (50 ral ux), t.o the back-side of the top
10 1 oy et SSEF R EFEER BRah. Tak F&t BAPFBEens g Faoi he BHekages

during the bonding process (See Fig. 3A). After cool-

down from bonding temperature, the thermal expansion

20 mismatch among the circuit substrate 14, adhesive layer
16, and thinned silicon in the electronic device 12
lead to tensile stresses at the circuit substrate
surface (op;) and along the edge of the adhesive (near
the interconnect pads), as well as compressive stress

'5 on the silicon surface (0si). Delamination or cracks in
the adhesive 16 can arise in a circuit package 10 with
full silicon thickness that retains the stress. These
flaws can propagate through the interconnect pads 15 on
the electronic device 12, leading to device failure.

i0 This stress is ovarcome with flexible silicon as the
tensile force imparts a slight curvature to the circuit
package 10 (See Fig. 3B). Due to the flexibility of the
thin chip the entire flip-chip package can bend to
relax the tensile and compressive stress remaining in

13 the bond due to inermal expansion mismatch. A low or

9



4
(140C), 80psi (550 Pa), and 1 foot (30 cn) per mnute. Next, the tvx%azlg' 2003
mufti-chip-on-lamnate flex |layers are electrically connected by edge
bondi ng using a hot bar bonder with 4 kgf/sq. cm 250C, and 2 mi nutes. Then
15 the 2D | ayer-to-2D layer full area lamnation is conpleted using 400F
(2000), 2000H0/317800 Pa), and 1 hour followed by cooling unJ@F“HP@g@uPe

fol Iow g the. 584 YAneandil ons-exilAkRRd Jaquenalie data in Fig. 6 show

the electric cont act performance of the thin chip-on-flex package both
bef ore aﬁ@béﬁﬁétlﬁhéYZDeﬁuﬁ?d crpplengy fat €adtl-uct ures were stacked and

Lami nat ed i nt g, 3Poaubtl 16hLRLSbRUGHURCoT® Asrhonded L n

chip-on-lam nate Tl ex data denonstrates the perfornmance that is achievabl e
25 for ad@@rrhbﬁdchﬂphomeﬁﬁé%n§?r@@t@P@ ALl omging @Ysinpslimitting |y gave 1000
%§gﬁ§p€$gt val ues (one reading on chip | A was slightly higher than
. | am nati on and edge bonding to connect the 2D | ayers one
reading on 2D | ayer 2 was open owng to a 30 mnor msalignne;~t of the
edge pads_and the originally high reading on chip | A remai ned hi gher than
282 Thi%x%%%¥% ents a possible rendition of a functional 3D structure with

2~ |ayerEkaﬁE@'@yerACQ@Be@Eh@ﬂsH@@%l“h&Qa it RN g Puta W t hout f ul
| am nati on over 13 ~~~7zY 203 WD 00l 31798 PCT/ US99/ 24871 the entire

area. Theusb#ipie ﬁﬁénfGWPP pamtdgie@oy I¥nd the entire area together.

Seyer al readiﬁ%eg@remgemna&b@rxhhlgllla%aawa%rsu%% dBBVRIG these were
all due to failure of the edge bond connecting the top 5 and bottom 2D

| ayers nbromdudinpesntp M#aéﬂarénérM3§H5§F@érﬁéﬁdﬁplne @@Yr-addt- on. The open

readlngspgggndmﬁftgg fulbh@rggskaghngthgg ogcylsied nath the &fge bond
connecti on between t | ayers. The edge bond connects the pads using the
10 Ianln%quﬂgeaﬂhébléé ﬁ@UﬁHWﬂfélKeéahﬂa@ﬂectﬁl§aﬁom@Uﬁﬁ§9HﬂﬁcﬁLHIy cure

the | ani patl ng, aghesive ALQURY khei2D, averato-@BobAver figpact pads. The

| ami nati ng” adhésive i s subséqdent presse uring t area | amnation
Thi%s edger bbnuikvkdéAt mplsuflPeidm %5268 anaktilomicum pgdshe ITheg | ami nation

cycl e egkent ng.Lhen2RnLaYeL- LorADCLING! s0Rtacly, B dlrawhack could be

overcone by re cin & anina i ng hesive with a suit flex-to-flex
z-axis aﬂﬂﬁerBenateflabfehaE M@gtdeﬂﬁbty0®uﬁeR@@ﬁﬁﬁgﬂthe edge bond and
woul d reﬁégérg90£§lqﬁ§£59n during the full area lamnation. i 14

An adhesive made with a thermoset/thermoplastic
20 blend cast from solvent was used as the adhesive layer.
The adhesive was selected for adhesion to the flexible
substrate surface, and included a catalytic additive
for fast cure and a coupling agent for improved
adhesion to the chip surface (SiN). The adhesive was
25 patterned with 8um gold coated nickel particles in a
500 dot per inch grid.
Laminated flex circuits were prepared by first
roll laminating an inter-layer laminating adhesive to a
thickness of about 12 Tm. The laminating adhesive was
30 obtained from E. I. Du Pont de Nemours, Wilmington, DE,
USA under the trade designation Pyralux LF. The
laminating adhesive layer was applied to the back-side

of a layer of polyimide flex circuit material available
from 3M, St. Paul, MN, USA using 280°F (140°C), 80psi

35 (550 Pa), and 1 foot (31 cm) per minute processing

10



. sem conduct or

LEAY
Z 3 ~~t~Y 20~~ What is clained is: 1. Acircuit package conprisi ng:2§ KAy 2033
device with a thickness of |less than. about 100 Vim a
flexible circuit substrate with a conduct=ve circuit thereon; and an
adhesi ve ith a thickness of |ess than about 25 ~mb t
sem condt}’(@g&sl&&i ce and the circuit substrate, wherein the t@ (%Eﬁuct or
devi ce tsnelegbnkcal Tyecaagect-ad-tla dre leimticidtiom wde substrate, the
circuit package is |less than about 275 ~Zmthick, and the circuit package
remai nsCPMRkebed uFier 4998hbI(y00C) A 299Rei t (p4ERafe) asaeFailned in claim
1, whergin.t i r; j ndom y di spersed conducti ve.
parti clkgégr&?g%\?gprggu}s? %g%galé{gsgsn%%%:?)nfg &{hnrr%'l aim1l, wherein the adhesive
| ayer is | oablledadhebhivendayeirvegramteciagsached tie partiayes are placed in
a ?at.teigﬁgﬁs‘\t_éa?%geﬂ - £dr AN w%ltetcitn(r?o'yhce ’X %épﬁiﬁéﬁ%h@ f-rst
circuit”package conprising a sem conduct or device W a thickness of |ess
than abpuéx168tush a tbhexihbe plaewit FTHBShHARS iwet Nageqonductive circuit
trace thereon; an adhesive layer with a thickness of |ess than about 25 ~m
bet weerP¥B2S8EntRbABLRL Yr CYEF toeafd e GTeuiRY sUBR¥E &'ittherein the

seni conQUééefoﬁevkggehsagé_lic%t%rfr-t The?QAirRleGid i faldysconeet ed to the

circuit trace, and first circuit package is |ess than about 275 ~mthick; a
second ¥#fcERENpRERAGE BBAYr RECh§lig Perecordficort e vikse Wash a thi ckness
ofg esscégggdagﬁggnlgg URbidnpkl exible circuit substrate with a conductive
circuit trace thereon; an adhesive layer rn~ith a thickness of |ess than
about 25 ~: nThetteénnefechiechesnird ag@d e& and arerxiniase slbstrate,

wher ei “néﬁeﬁ@?HkCHQgHERQi 48269 alcd elreehd imar%,cmrmt@té&, the circuit
trace and the second circuit package is less than about 5 ~mthick; and a

| ami nat Phg B8hesnderpehfesnadie deispgnatilicsuile fdikage MRl nde second
Lo SERFLEe Rty Lhschu S SRR by hankales e
fh@xib|@hgt%@deass§h§|ypn—stick layef of Teflon was 35—40%1n J

thick and a narrow slit for vacuum hold-down was cut in

it with a razor bladed knife. The non-stick Teflon
layer was necessary to avoid contact of the adhesive to
the thermode surface during bonding. A vacuum hold-
0 down slit helped keep the chip in alignment as the

force was applied.) The flex with adhesive was taped

to a glass slide using removable transparent tape.
A peripheral loading element made from 1l2um thick

polyimide with an appropriately sized center cut-out

5 region (circular, about 1/8 inch (0.32 cm) diameter, or
square, about 1/8 inch by 1/8 inch (0.32 cm by 0.32
cm)), was placed behind the flex with the cut-out

30

region centered on the bond
glass was set in the bonder
place by wvacuum hold-up. A

lens was introduced between

area. The flex taped to
upper position and held in
look-up/look-down camera

the thin chip and flex and

the respective pads were brought into precise alignment

by adjusting planar and angular positioning controls.

The camera lens was removed

and flex. The thermode was

from between the thin chip

then raised so that the
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5. The el ectron-c package of claim4, wherein the first and secong Circui pa
packages are | am nated together by bonding a single edge of the first and
second circuit packages. 6. The el ectronic package of claim4, wherein the
entire mating surfaces of the first and second circuit packages are

| ami nat ed WOE3MES. 7 A circuit package conprising: a sem JSTNWPB#8Hevi ce
wth at I nesof | exi bl i4{, substrate
with a cgn ﬁ’ctclsnv it rcw &Pﬂ&r :%r?%a%%gi%hm 5‘1‘%@1 th feziloegl aaﬁcua%)hem ve | ayer
with a tHbcknglss kaf) |fasisce harTlaboute 25oden bempesatiulre swrd coridiect or devi ce
and the circuit substrate, wherein the m conductor device is electrically

connect ed @ o & fre SEPEGNE | 1f X hedShBELr FERESHYE &%‘%Rﬁ*fab%%hg%n s less tha

about 273 thiChog agek: t hergd rope tmpackads £aERI e JlRKid g afder
assenbly; and wherein the sem conductor device is exposed on the surface of

t he Ssubststdte. The. AherAodd RefipeAfatuAfe AVaA neékt AFaAsAadALtA?omerAl e. A?. A?
-/ 258;

Wh{ | GO =YA 6 @&\W&Pé@]tca\a]o@aFcaféaPéaFéﬁ‘P@a]ad%ﬂQ%‘l] ¢t cbEa) ca] cnaj cal
((:)g% 33} Sba‘lﬁ‘%‘:ﬂ cg‘ir@% g‘i cé;% CZ‘%%?T% ca %gﬁg?]égicé‘]%%%%?ae] ?a%c d] caU] cal ca]
c. a] ¢: a] camm &) cdren]Wa] v adticed dd gato the flex was remove

! QUdpP+-\¢\a éﬁ/tﬁi Ja &2] ca] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca]c
alU] cal] ca f] c2a] caﬁe ]] 5Qﬁaca cal ca] ca] ca] ca] ca] ca] cal [ #>0" " *#+H#THVHVHWH| #} #HitH
#$$'8$<$} xsni d_ T o(wdda]iva] td caf cjees chlieapdaftajicallc ajasd]asd] cal] ca] caU] ¢

aj c"a] ca] eei]fcoa.‘(]n?a%"g aéf%}ﬂecaéﬁ r?]é:hlp -on-laminate flex package

made according to the procedure in this example. The -

graph includes data from four bonded samples and
indicates acceptable interconnection reliability.

15 Environmental aging tests were also performed on
these samples. The graphs in Fig. 5 show a comparison
of environmental aging data for the thin circuit
package of the present invention (50Cm) (Fig. 5A), and
for an identical package with a chip of standard

20 thickness (5000m) (Fig. 5B). The data in Fig. 5A show
lower and more stable interconnect resistance than the
data in Fig. 5B. This indicates that the flexibility
of the thin chips may allow increased conformance to
the substrate during the bonding step, so that each pad

25 receives about the same bonding force, even if the
surfaces or stack thicknesses are somewhat non-uniform.
Also, the inherent flexibility in the package reduces
stress in the bond line after bonding. These factors
could result in a higher-yield bonding process with

30 more uniform bonds at the electrical contact points.

Numerous chips can be added to a single flex
giving a multi-chip structure. This represents a

multiple thin-chip-on-flex module example. Next, an
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. a] ca] ca] ca! <SALQH] SNBSS ( UWWIDKELLEEKE&& & 3' ' ' ' (()) **$*) *7*d*e*zupkfa\ W] ca]
cia] ci‘ a] ]ca] cal ca] ca} ca] ]ca] cal] ca] ca%;:a} ga] cal ca] cg] ca] ca]ca]ca] calca]ca]ca]c
alcalcalc c'ajcale*------ ~/ 0000008191bl1glviyl1111

2222223{vq|g@?§% ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caguca¥caLug%?%§g?%g.%a]ca]
ca] ca] capddjtapoal capdalleapes] cdlecdlesh]tcn]|mre 356962 three

6<606D62/$g{§?§g¥ba’722/? %P%g}%q r: <<<U=V===h?i ?????{vqgl gb] WU] ca] c"a] ca] ca] ca]

calcalc C caU] ca] caU] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca!775@EEE%BBBBCC(DDDDDEE$E%EhEzE{EEEEEEEFF!qupkfa\VV]c.a]ca]ca]c

a] ca] ca] ga] cal,cal,ca a
alee gacied sl anledaloen ol ol o

[V]?ca{;a]ca]aa]aah&ahc&baahm&kmﬂuaﬂunﬂﬂ{EﬂIpﬂmn&ﬂr@gq@@@uhéca]ca]ca]ca]ca
ca]cal] ca

cal caj cal,
[/[\6\\2“% GPEEP B{b]é #&ﬁ}?ﬁa]ﬁﬁﬁﬁ[’i[j[e{g\?ﬁlpgl%t]o] e'[V]]ca]ca]ca]]calca]calc"a

]fa]fa]fa]Ca]sab@akﬁahaménated flex circuits were prepared by

al cal caj cajCajca

ERREERe R e

105 08 (510308 ¢ gogtn&%%gmxmwtw GO0 O (37 Y1900 08 ()G

"10% 0& 7% 0&" ()-9I09% 0& () -*109% 0& () - G =cB*10% 0&

417510% D& 0&x( 2pZmA$10%ch ' 9&on)12REOUE (Dl 81D rok £90° EFIO% 0' 0& ()-gF10%
& ()-g46789GSa~_ @ 0% o#10%&' ()-310%&' ()-9' 10%&' ()- 10'o 10'o 10' o
10@60&.(X1ﬂ0972,ﬂﬂm@@io&§%@ Ba) , fand :~f@0% (S0 TOYRPEX- MinMOoER. (

9:' 109%& Z10%& g W ALOY& - ( '

oo (- b (TR0 e PR T RIS

109 () - QRSEUdp)ea@Q ﬂ:O%’i&cQ:)ad bi0Edge( oonklirld using a hot bar

10Y9< 109%&' ()- 6! 10% & g)-'C 6! 109%&' pP+aB~_@ QLON & ()-&

10% & ()°Prderindg e FISEFEaUCR (P2 9@/&6@@ @) TNUEER-& (Dhen a} Ao~ @ QK

10¥s & ()tﬁte’i%’&lé}eg&%f-%@"/&l&y@r f%fi%&a(r)eas'l"anlﬂm@ﬁ&er()lss' C 109w () - S[{\=

~ @Qf8:10% & ()-9S510% & ()-f!40! 10%HE (

>0|10@@F@bmblgtéﬁ0&b&h©)400@?'189@@@“81ZQng@DCﬁQO@FEa®9®abﬁ #1109 () -

/R’ - /R’ -

109 () 80&9A§biloweé0£y cooling under pressure following the

set-up conditions explained above.
The data in Fig. 6 show the electrical contact

20 performance of the thin chip-on-flex package both
before and after the 2D multi-chip laminate structures
were stacked and laminated into a 3D multi-chip
structure. The as-bonded thin chip-on-laminate flex
data demonstrates the performance that is achievable

25 for a 2D thin chip-on~flex structure. All four chips

initially gave 100% yield interconnect values (one
reading on chip 1A was slightly higher than 2Q). After
roll lamination and edge bonding to connect the 2D
layers one reading on 2D layer 2 was open owing to a

30 minor misalignment of the edge pads and the originally
high reading on chip 1A remained higher than 2Q. This
represents a possible rendition of a functional 3D
structure with 2D layer-to-2D layer connection made

with hot bar bonding but without full lamination over

13
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 MLO% & () - y4w3b@ " sF(109%& () - 3! H sF( 109%& () 31> SF(109%& () - 3! 9° sF( 10%0CE (
)-31>C sF(10999& ()-3! C sF(10% ()- 34#zodY:! ' h10%& ()- 10 10 )
103L<" 10%& () oLl - SF(10%: () - 3! C sF(10%1q& () - 3! H sF( 10%QQ& #8$} A

2dY:1 (Y10 8907(3f79 (2(10%& 8 sF(10%q& () - sH( (JeTt¥oohash

(Y10%& ()tﬂe?clé)%lLﬁe (3rda&10%hé) shn$leY&a() -f'mﬂ$.<y$>ﬂ‘s’&$@‘a°@é§]$dsr$b0 S#10% u&' (

) - Y10% u& 0% u& ( /g&e 10< 10< 10<< 10%c& () - +BLO%&: (3

S ( %984 18 BV (3192 10980568 () S8yeral readings were

109% f & ()o;ﬂﬂ@@ﬂ&(ﬁhi—@l%ﬂﬁefloﬁ kk2@% &Howeha’&&&hdse tnehi! ! -
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the circuit in the substrate, the circuit package is less than
about 275 um thick, and the circuit package remains flexible

after assembly.

2. A circuit package as claimed in <claim 1, wherein the
adhesive layer 1is loaded with randomly dispersed conductive

particles.

3. A circuit package as claimed in <claim 1, wherein the
adhesive layer 1s loaded with conductive particles, and the

particles are placed in a patterned arrangement.

4. An electronic package comprising:
a filrst circuit package ccmprising

a semiconductor device with a thickness of less
than about 100 um;

a flexible circuit substrate with a conductive
circuit trace thereon;

an adhesive layer with a thickness of less than
about 25 pym Dbetween the semiconductor device and the

clrcuit substrate, wherein the semiconductor device 1is

15
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package 1sing

écon
aB{\: 0
a semiconductor device with a thickness of

than about 100 um;

less

a flexible circuilt substrate with a conductive

circuilt trace thereon;
an adhesive layer with a thickness of less

about 25 pum Dbetween the electronic device and

than
the

circult substrate, wherein the semiconductor device is

electrically connected to the circuit trace and the

second circuit package is less than about 275 um

thick; and

a laminating adhesive between the first circuit package and

the second circuit package, wherein the first and second

circuit packages are electrically connected to one another,

and the electronic package remains flexible after assembly.

5. The electronic package of claim 4, wherein the first and

second circuit packages are laminated together by bonding a

single edge of the first and second circuit packages.

6. The electronic package of claim 4, wherein the entire

mating surfaces of the first and second circuit packages

laminated together.

7. A circuit package comprising:

are

a semiconductor device with a thickness of less than about

100 pm;

a flexible circuit substrate with a conductive circuit

thereon; and

16
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after assembly; and

wherein the semiconductor device is exposed on the surface

cf the substrate.
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