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. PROCESS FOR MAKING FZHE PI'l'CH CONNECTIONS 
BETWEEN 'DEVICES AND STRUCTURE MADE BY THE PROCESS 

FIELD OF 'im: INVENTION 

~his invention relates to\aanufacturing of integrated 
circuit devices. More particularly, this invention relates to 
a p~o~ess for intei:col\hecting multiple devices (generally with 
dif£erent sizes, arch~tectures and functions) at elose 
pro~i.mity and with a very high wiring density .. · 

BAClCGBOUND OF TBE lNVEN'l'XON 

The need f o; greater functionality and perfo:r:mance ib 
sem1conducto~ devices has resulted in the de~el~pment cf ~arger 
and 1'0re complex chips. Zn add~tion, it ts.often des~rable to 
include several different ~unctions on a single chip to obt~in 
a "system on a chip," wh.t.c:h gen~rally requires both an 

·increased c~ip s1ze and.a more compl~cated manufacturing 
process. These· factors both tend to d.ep~ess manuf&<;turing 
yield. It is e1>timated that many such co~plex c:Ups, with 
areas greater than 400 JUJG2, will genex•lly have very poor 
manufacturin9 yield (pe~baps unde~ lOi) •. 

One method of ma!ntain~n.9 acceptable yields is t~ 
manufacture smaller chips, and then to interconne~t these chips 
on a single substrate or chip carrier. Besides improved 
manufactur~ng yield, another major advantage of this approach 
is that the indiv,idual chips may·be of different sizes, pertoJlll 
differen~ functions, or be fabricated by diffe~ent or 

- 1 -

iliiiU 



... ..., .. ..,.,, .. w~~;.·· ................ - .......... -~-· ~· 

incompatible methods. A conventio~al method of joining a 
sem.iconductor device to a carrier involves the use of 
controlled-collapse chip connections (C4s). ror example, u.s. 
Patent No. 41 489,364, assigned to International Bu~iness . . 
Machines Corporation, discloses a cerzunic chip carrier for 
supporting an array of chips by me~ns of solde~ balls, such as 
C4s, to form a multichlp module (MCM). As an exainple, as shown 
i.n Figure I, four separate ~hips 10 are mounted on a Qarrier 
ili the ca~rier includes the wiring necessary to interconnect 

·the chips. A C4 chip/carrier joining method typically %eqn1res 
an array of pads of about 100 Jllll diamete~i with the pads at 
approximately a 200 pa pitch. such MCMs tend to be expensive, 
due to their aultilayered ceramic structure, and requ1re 
significantly more area than the combined area of the chips. 
Fo~ devices whi.eh require a ~oining pitch below 150 IDRi another 
method must be used. 

To realize the advantages offered by th~ system-on-a­
chip (SOC) concept, it becomes necessary for all of the 
different chip functions to be in very close proximi~y and hav9 
very.precise ali9nment wi~b respect to eaeh other. The 
alignment and interconnection gbould also be perfoz:m.ecl with 
~in1nal. added. complex.1ty in the ovexall process. Xn the c:asa 
of an soc, the interconnections shonl.d be .made on top J'f the 
chips rather than in the chip carrier substrate • 

. ~he~e remains a need foi a process for f•bricating a 
dev~ce having a dense arrangement of chips and a high wiring 
density of chip-to-chip interconnections which can be practiced 
vith high manufacturing yield. 

SUMMARY OF TSE XN\'Em'lON 

T~e present invention addresses the above-described need 
by providing a method for fabricating a semicoftdUdtor device 
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including a chip, in which very fine-pitch connections are made 
between chips by usin9 matching stud/via structures. 

According to a first aspect of the invention, a stud is 
provided on a first surface of a chip (the surface closest to 
the active area), and a first layer is formed on a pl~te which 
is transparent to ablating radiatibn. The first layer includes 
a conducting pad on a surface of the layer opposite the plate, 
and generally has electrical wiring therein for device 
interconnection. A ~econd layer is formed on that su&face ot 
the first layer, and a via is formed in th~ second layer to 
expose the conducting pad; the alignment substrate, the first 
layer and the seco.nd layer form a temporary ~lignment 
~tructure. The stud on the chip suriace i~ then a1igned and 
inserted in~o the via~ and the chip is attached to the 
a1iqnment structure. The first su~fa~e ~f the Chip ~hus 
contacts the second layer and the stud makes elect.t:'ical contact 
w~th ~he conductinq pad (so that a stud/via eonnection is 
made). A support 1s.then attached to th~ chip (or array of 
chips) on the backside thereo£. The interface .batveen the 
f~rst·1ayer and the transparent plate 1s ablated using ablating .. 
radiation (typic~lly laser %adiation) transmitted through the 
plate, thereJ>t detaehin9 the plate. 

The chip (or·chip array) and the aligmaent structure may 
be ful1y bonded by performing a laminat~on process. To ensure 
thexmal conductivity from the chip to the support .material, the 
support may be attached by forming iln alloy between metal 
layers deposi~ed on the backside of the chip and on the top 
surface of the support. Alternatively, the chip array and 
support may be attached by forming stud/via connections (e.g~ 
studs on the back ·surfaces of the chips With vias foIJ11ed in a 
layer deposited on the support). If the chips are of different 
thicknesses, the chips are planarized (typically by gri~ding 
and/or chemical-mechanical polishing) before the support is 
attached. 
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The detaching and removal Of the transparent plate exposes 

a surface of the first l~yer. In order to pe.rmit 

interconnection with other earrie:rs, oonnection pads~uch as c4 

pads are foJ:med on th~• surf~ee . . 
AC"co•ding to a second aspect of the invention, a stud ts 

provided on the firpt layer fotmed on the transparent plate, 

while a via is formed in a second layer on the first surf ace of 

the chip. '!he stud is a1iqned to the via; and· tha chit> i:s 

!attached to the alignment structure so that the fiJ:st layer 

~ontacts the second 1ayer and the stud make$ electrical contact 

with the c=onducting pztd. · 

After the stud arid via are aligned, the c:JUp and the 

alignment structure may be bonded by a lainination process, as 

not9d ab~ve. ·'l'ha sup:(jo~t.· sUl>'strate · uy also be attached by 

mei:al-l!zing the chip and support and ~otming an alloy 

-ttierebet.9'een, 0:1.' by.'·~ng s~udfvJ.a eonnecti.ons. Ii the ChJ.ps 

.are (;f different thlQkrte .. ses, the.chips a~ planari~ed. A 

-ba~;Jj,~e s'Upport'is.then attacbed-to the chip (or.axrmy of 

c::~plt). !l'he interf~ee betwe~n the first layer and the 

·transparent.: plate ·i1f :-~b.1~t~~ ~ing ablating :r:adlation 

tl:,ijtaS.~tte'1 ~ough.,thf;' p1~~e, thereby detaching the·plate. 

According to another aspec~ of th~ invention, a. 

semiconductor device is provided which includes a plural~ty of 

chips. A support i~ ·attached to the chips on the back surfac:es 

t~ereof •. _A f1r~t laye~ is disposed on.the fxont surfaces ot 

the chips; this lay~r has a plurality ~f-vias formed therein 

and conducting pads· in regi:;;tration with the :Vias... A plu.rali ty 

of s~uds, CO%%esponding tQ the vias, ·are disposed in the vias. 
. . 

A second layer is,a~tached to the first layer on a suxface of 

. the t1rst layer opposite the f.ront surfaces of the chips. 'Phis 

second layer is aligned to the first layer by the studs in the 

vias. The second layer includes electrical wiring connecting 

to the.chips through the studs and the conducting pads~ 

The el~ctrical wiring in the second layer makes electrical 
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connections between the chips. The stud/via structures may be 
for111.ed either with the studs in contact vith the front sqrfaces 
of the chips or with the studs in contact with the second 

layer. 
The support may be attached to the back surfaces of. the 

chips by a metal a1loy layer, or by a layer vh1ch includes 
stud/via structures. Electrical conneetion pads (such as c4 
pads) may be p:rovided on the second layer. 

BRIEF DESCRIPTION OF THI DRAWINGS 

Figu~e l shows a chip carrier on vhich four individual 
chJ.ps a:te mounted and through vhic:h the'~ps are 
interconnected. 

.. . , 
Figure 2A is a schematic cross•sect1onal view of a 

semiconductor device or chip, aceording to a r1%st etnbod1~ent 
of the .tnvention • . , 

~ ·!"igu,r~ 2B is a scbe~tic c~oss-seetional view ot a 
temporB.J:Y structure 1oclud1ng a transparent plate for aligning 
and :~~~chlng the c:hip, a~c:o:r:ding to the fi.t'st embocU.ment Of 

t!J,e . ?.tnven.tion. ·~ ·· 
!'lgares 3A-3E illustrate steps in a fab~ication process 

,. •• •• ,.j! • ... • : • • • • . • ~ 

for.a device having a dense a:Z"angement of chips, in ac:cordance 
with the first embodiment of the invention. 

Figures 4A-4C ~llustJ:"ate an altexnatlve !11.&thod of 
attacblhg the chip suppo~t ~hown in Figu~e 3E. 

F1gur~ s illustrates the use of abla~ing radiation to 
detach the transparent plate. 

Figures 6A and 6B illustrate fUJ:ther steps in the . ~ 

f abr1aation process according to the f i.rst embodiment of the 
invention, after removal of the transparent plate; Figures 6A 
and SB.show chip supports attached as in Figures 3E and 4C 1 

respect! v-ely. 

- 5 -

Tb.is Sheet Has Been Replaced 

IRlllll 



( ·.·-· 

. ·--- __ ............................. -_. .. _.,. ____ ....................... ,,·- ·-~ •'. -"'. -........ , ................... -..... - ... - - .. -·- ......... ,,. ....................... -. 

Figures 7A an~ 78 are schematic cross-sectional views of· a 
chip and temporary alignment structure, res~ectively, accordin9 
to a second embodiment of the invention. 

Fig'Ures.sA~8C illustrate steps in a fabrication process 
for a devioe having a denae arrangement of chips, in accordance 
with the.second embodiment of the in~ention. 

DE~AIL2D DESCRIPTION OF THE PREFERRED EMBODIHJ:NTS 

In.a~cordan~e with the present invention, a sem1conductor 
device 1nclud~ng a chip is f abr!dated using stud/via 
conneQtions, as deta11ed below. , 

In the f 1rst embodiment of the invention, chip 2 has metal 
studs 20 formed on the terminal surface 2a (see :rrigu.t:e 2A). 
Studs 20 may be fo%llled of N1, cu, Ni-plated cu, W o:r soae other 
llletal or combination of llietals. It is under.$tood 1:.h•t the 
active axeas of chip 2 are close to surfac~ 2a; some material 
will ha removed fro~ the back surface 2b in a later p.rOoessing 
step. The studs 20 p•otrude from surface 2a a distance which 
typically is 5 µm or less. A layer 2~ of a low-•elting-point 
a11oy material is deposited on the surface of the stud; this 
facilitates foX'llletion of an el~ctrical connection during the 
joi~ng ·process·. This materiil 1s typically 90/10 Pb/Sn 
solder, -2 µm or less thick; alternative alloy materials include 
Au/Sn and Sn/Ag, The alloy material JU~ be subjected to a 
theraial reflow process so that layer 21.acguires a rounded 
shape, as shown in Figure 2A; this facilitates alignment of the 

. . ~ 

studs on the chip to v1as on the alignment structure. 
Figure 2B shows the structure o~ a temporary aligmnent 

structure 12, according to the.first embodi•ent of the 
invention. The ~emporary alignment 5tructure 12 includes a 
transp~rent plate 22 (such as boro-float glass from Schott 
Glasses). At this stage in the process, the transpa~ent plate 
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22 has various layers disposed thereon; plate 22 is separated 
from those laye~s at a later stage of the process. Dielectric 
layer 23 (typically polyimide), on top of plate 22, has 
embedded therein high-density wiring 24 (gene~ally se~eral 
levels of cu conductors, as shown schematically in Figure 28), 
and has electrical joining pads 25 on the surface 23a opposite 
plate 22. Although layer 23, including the conductors, is 
shown as a single layer, it will be appreciated that for ease 
of manuf act.u~1ng it is often designed and fabricated as a 
multilayer structure. Pads 25 are typically Ni, bu~ 1nay also 
be cu, Au, Co or a combination thereof. A dielectric,layer 25 
over1ies the wiring layer 23; layer 26 may ~e formed of a 
po1y1m1de material typically used in thin fila packaging 
p);'ocessing. 

Layer 26 h8s v1as 27 for1Red therein (e.g. by reactive-ton 
eteh1ng o~ by an exciJller laser), so that a·texa1nal metal 
joining pad 25 is at each via bottom. The th!elcness of laye~ 
26 (and he~ce the depth of ~he vias 21) is chosen to match t.b.e 
height of the studs 20. 

~s :shown 1.n Figure 2Br the '171as may be fOl:ll\ed With a 
sloped wall ang1e as a guide for high-accuracy, sel~~al1gned 
placaaent of the studs 20 in the vias 27. !l'he wall angle of 
the via may be tailo%ed to be either near-vertical or sloped. 
A near-vertJ.c:al profile ean be obtained J.f tbe :vias are forme~ 
by RlE. lt has ·~een noticed that stud/via al~gnment is readily 
ciccoanpl.ished when the wall. angl~ is 6S 0 J a via w.f.th th4.s wall 
ang1~ ~ay conveniently, be obtained. when an excimer lase~ is 
used to form·the via. 

A thin c~ating 28 of therauoplastic polymer adhesive (such as Kapton-KJ® from Dupont) may be deposited on the top Of the 
dielectric laye~ 26 1 to ensure reliable bonding to the chip 
surface 2a. Alternatively, the entire layer 26 May be formed 
of adhesive material. An adhesive layer may be deposited on 
surface 2a of chip 2 in a~dit1on to, or instead of, layer 28. 

- 7 -
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The process for aligning and mounting multiple chips 2 to 

the alignment structure 12, in accordance with the first 
embodiment of the invention, is shown in Figures 3A-3G. The 
chips ~e a~igned to the aligrunent structure 12 by plaeing 
studs 20 in eorrespondinq Vias 27. As is understood by those 
skil!ed in the art, an aut~mated alignment tool •ay be used to 
align the chips to the elignment structure; if such a tool is 
used, the matching of the stud pattern to the via pattern can . . ~ 

be made with a pttch of as-little &s 2 inn. Alte~natlvely, the 
alignment may be done optically, by viewing an alignment mark 
on su~face 2a of chip 2 t.Ju:o~gh the transparent plate 22; in 
that case & viewing hole must be fo.rmed .in layers 23 and ~6. 
S~nce the sy~tem may be ~utlt f~om qhips having different 
functions and originating from d1tfe~ent device wafers, 
adj~cent chips may have different thicknesses, ~s shown in 
·Figure 3A. 

Each chip 2 may be tempo~arily held in po$1t1on relative 
to the aligmaent structure 12, wh~le alignment.and placement of 
other c:hips is perforlll.ed. Th.is 11taf be ~one by using focused 
inf~a:r:ed heating to melt solder on a selected etqd (~.g. solder 
2lt on stud 20t), thereby ~spot'vel!11.ng" the stud to the 
corresponding jo1n1nq pad 2St.. It w.111 be appreciated that 

such heating should be performed outside an active device area 
of the chip, as heating through the d~iee area sbould 9be 
avoided. Adhesive or solder fuses may also be used at 
specified locations on the front surface 2a of the chip, so 
that the chip is temporarily held to corresponding portions of 

· the alignment structure. 

Alternati~ely (evan if adhesive layer 28 is not used), 
chip 2 may be temporarily held in position by performing the 
alignment procedure ·at an elevated temperatu%e1 so that the 
surface of polyimide layer 26 is slightly "tacky" Jlefore being 
brought into contact with surface 2a of chip 2. 

After all of the chips 2 have been aligned and tempora~1ly 
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held or "tacked" to the alignment structure, a lamination 
process is performed to permanently attach the chips to layers 
23 and 26 (see Figure 38). The ·lamination ~rocess is typically 
performed at·eleYated temperature and pressure, to ensure (l} 
stud/via registration; (2) vertical metal bonding between tha 
studs 20 and ~ia joining pads 25; and (3) bonding of fhe chips 
2 to layer 26 (and to any material therebetween). Depending on 
·~he materials used, the temperature may be 1n the range 200 °C 
~ 400 °C and the pressuze may be in the range 10 psi - 200 psi. 
As shown 'in Figure JB, the lamination process causes the solder 
21 to flow so that so1der either partial1y or completely fills 
via 27. 

To ~u1ld a dense array of ~hips (so as to arrive at an 
opt1•u• performahce integrated system-on-a·c~1p structure), it 

is desirable that the gaps 30 between adjacent chips be as 
:na;rJ:ow as possible (see F1.FeS 3A and lll) ., ~e iainimWll gap 
width (·and hence the chip density) depends on the gap fi~l.J.ng 
technique. Gaps having a·width of about 60 µm may be ·f1·11ed 

with polyim1de by dispensing the polyi.mid~ with a MieroPen:m, 
manufactured by Ohm~a:tt.:at of Horieoye Falls, RY .. 

After the lamination process, the gaps ·30 between.chips 
are fully o~ pa!t'tially filled with a suitable material 31, such 
as themoset elX>xy or another ox-gan1c ma~erial (F.igure 3.C) • 
Since the dif feren~ chips will typically have their thickne~ses 
reduced and preferably made un!fo%11l in a late~ processing step, 
the gaps 30 need only be filled to a level .matching their 

.eventua1 uniform thickness. 

The· chips are then thiJUled and plana~ized to have a 
uniform thi'Ckness, pr~ferably by grinding and chemical• 

mechanical polishing (CMP) of th~ir back surfaces 2b. As shown 
in Flgu~e 3D, the result of this p~ocess is tha~ the vari~s 
chips have a uniform planar back surface 2p vith respect to 
each otiher .. 

A chip suppo~t 32 (typically a Si wafer) is then bonded to 
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the planar!zed back surface 2p of the chips, as shown in Figure 
3E. If the system has only low-power (- l W) chips, this 
bondin9 may be perfo:rnt.ed using an insulating adhesive. . . .,. 

However> if the srstem includes hiq~-power Chips, it is 
neces~a~ to allow for heat' transfer away from the chips; the 
bonding material must then be thel:D\illly eonductive. A 

thermally conductive bond between chips 2 and suppo~t 32 may be 
obtained by a metal alloying process, in which an alloy is 
fo:cmed between aetallized surfaces of the planarized chips 2 . 
and the chip support 32. To create this conduct~ve layer, the 
chip support 32 is first coate~ with a layer 33 to ensure 
adhesion .of the conductive layer to the chip support surface; 
for example, this '1ayer may be a Ti/~iH combination or T~W~ A 
similar iayer 34 is depos~ted on tbe back surface 2p of the 
chips. The two layers 33, 34 are then placed togetber facing 
each other / with an alloying layer 35 placed bet'feen them (see · 

. . 
F~gure JE). Alloying layer 35 is preferably a aetal (e.g. Sn) , 
or eombination of JQetals (e.g. Au-Sn) _which permi:ts bonding 

below 400 °c, in" ~rder to be compatible with previous!,, 
processed materials. Using a slightly Cr1t~hable Sn fotl 
between the two layer:; 33r 34 ensures good mechanical contact 
before alloYing. Altematively, an additional layer vith 
~uitab1e euteetie·prcperties may be deposited on each ~onding 
layer 33, 34, and the two surface£; then brc>ught into di:i;ect 
contact. Applying a heat treat~ent (belov 400 °C) results in 

formation of an alloy between layer 3S and each of layers 33 
and 34. Another low cost alternative, vhi~h is known in the 
art, is to coat one surface with Au or Au/Si which becomes a 
bonding layer at 400 •c. 

An alternative process for obtaining a thex:mally 
conductive bond betwe~n chips 2 and support 32 is shown in 
Figuxes 4A-4C. This process uses a stud/via matdhin9 

. ~echn~que, similar to that desc~ibed above. M&tal·studs 4D 4re 

formed on the planarized surface 2p of the chips. Theie studs 
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may be the same metal as studs 20, or may be of cu to ansure .,, 
theDlal conductivity. A layer of solder 41 may be applied to 
the surface of the stud. Chip support 32 has conducting pads 
45 deposite~·thereon, with a poly!mide layer 46 overlying the 
pads (Figure 48) •. The polyilllide layer 46 has vias 41 formed 
theJ:"ein to expose pads 45. The studs 40 on chips 2 are then 
aligned to the v!as 47, and a lamination process is perfoJ:med 
to pernaanently attach the chip support 32 (Figure 4C). As 
~hown in Pi9'J%'e 4C, the slze and pitch· of studs 40 and vias 47 
may be much greater than those of the vi~lng 1ntereonncct1on . 
studs 20 and Vias 27. 

It will be appreciated that a stud/via conneetion between 
the support. 32.and chips 2-aay also be realized by reversing 
the positions of studs and •ias show~ in Figu~es 4A-4C; that 
is, studs 40 Jnay be formed on suppo;r:t 32 while c:onducting pads 
45 and layer 46 are deposited on planarize4 surface 2p • • It should be noted that the chip support 32 Oah be of a~y 
convenient size and shape to accommodate ~he chips. In 
.Part.!cular, if the chips are generally rectan~lar, the 
substrate may also be rectangular. 

. 'l'he structure shown ih Figure 3B (alt~rnatively, Figure 
4C) is then subjected to ~ laser ablation process. Laser 
radiation 36, incident on surfaee 22a Of transparent l>iate 22, 
penetrates the plate and abl~tes the interface betwaen the 
plate and the polyimide of layer 23 (Figure S). This results 
in d~lamination of the plate from layer 23, so that plate 22 
111ay be removed.. The chip support 32 thus becomes the S\lpport 
for the chips, the wiring layer, and the stud/via coiµiectlons 
thereJ:>etween. 

With plate 22 removed, surface 23b of layer 23 is exposed. 
C4 pads 37 are then fo:tmed on this surface (or are exposed J.f 

• 'P 
already preaent), so that the interconnected chips may be 

joined .to an appropriate carrier. The davice then appears as 
shown !n 'igure 6A1 it the chip support 32 is' attached using a 
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metallization and alloying process (see Figure 3E). 

Alternatively, if a stud/via connection pro~ess 15 U5~d to 

attach chip support 32 (see Figures 4A-4C) 1 the device appears 

as shown in Figure 6B. It should be noted that the size and · 

pitch of the C4 pads 37 is much greater than that of the studs 

20 or .vias 27. 

In a second embodiment of the invention, a similar 

stud/via joining process ~s u~ed to join the chips and the 

wiring layer, but the positions of studs and Vias are re~ersed. 
As shown in Figure 7A, chip 2 has dispo$ei;l thereon conducting 

pads SS, dielectric layer 56 with vias 57, and thermoplastic 

adhesive 1ayer 58. Temporary alignment structure 12, including 

transparent plate 22 and high-density wiring layer 23, has 

studs SO with solder laye~s 51 (Figure 7B). , 

'l'he chips and aiignment stro.cture are then aligned as in 

the first embodiment, resulting in the arrangeaen":- sbown in 

Figure SA. Further procesd!ng, including lamination, filling 

the gap 60, plana~1z1ng the Chips and attaching chip support 

32, also proceeds as in the first embod!silent~ If the chip 

support is a.t.taehed using a metalliz.ation/alloyi~g pro.cess, the . 
resulting structure iS as shown in !'1gure 8B (compare Figure . . . 
6A). If the chip support 1s attached using-a·stµd/via 

connection process wi;h studs on the p1anarized back surfaee o~ . . 

the chips, the re6ulting structure is·as shown in Figure ec 
(eompare.Figure 68). 

The chip connection method described herein peJ:mits 
greatly increased wiring densltr for chip-to-chip 

interconnections, thereby realizih9 highe~ deviee bandslidth. 

· !'urtherinore, W'ith this method the need for conventiontl C4 

chip-to-chip eonnectiohs is elindnated1 the complexity of the 
ca~iar substrate is therefore reduced. More space thus 

becomes available for a system designe~ to allocate C4s to meet . 
other ~equirements; this in tarn offers opportunities to design 

more.advanced davice structures. 
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I~ addition, this method perm~ts both highly accurate chip 
placement with vertical interconnections on· the front side of 
the chips and assured therlUal conductivity on the backside of 

the chips. It should also be noted that bonding over large 
areas ofteh leads to formation of voids in the bonding area; 
wit6~the small area of the stud~via connections'this problem is 
greatly reduced. Furthermore, by.using direet ~iring 
interconnections, the overa11 chip signal fidelity is 
signifieantly impro;ved_ (esP,e~~ally for hig~·frequency devices), 

:·and power requireiaents . are reduced. . 

As noted above, this method is applicable to foX'Dl iarge-
• area chips, chips wl~ mixed funct.ions, and chips ~IJ:Jricated 

with various. (perhaps incompatible) proces~es. Ac~ordingly, 

th~s method is especially usetul for speclal~zed, high­
functionali ty chips such as ASICs, wire1e~s chips and A/D 
conv.erto~ ~h1ps, e.mong otbers. 

Whtie the invention has been described in teXllS of 
~pecific embodiments, it is ev1dent. in view o_f the foregoing 
description that numerous alternatives, inodif1cat1ons and 

I 

variations will be apparent to those skilled in the art. 
Acc~xdingly, the invention is intended to encompass all such 
alternatives, modifications and variations which fall within 
the scope Qnd spirit of the invention and the following claims. 

iiii1ir 
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We claim: 

1. A method.for fabricating a seJDiconductor device including a 
cbip, comprising the steps of: . 

· ·- -~·· ·· 11rovi:d'i:'ng ·a stud--on .. a fJ:.rst-surface of tlre clrip; 

providing a plate transparent to ablating radiation; 
forming a first layer on the plate, the first layer 

inc1uding a conducting pad on a first surface of the 1;.irst 
layer opposite the plate; 

f o:rmin9 a second layer on the first surf ace of the first 
1aye.r, where :the plate, the fi.rst layer and the- ~econd layer 
foxm an alignment struct~e; . . 

f crming a via in the second layer to ~xpose the conducting· 
pad; 

aligning the stud to ~~e via; 
attaching ~he chip to·~be alignJQant structure, so that the 

first surf ace of the chip contacts the second layer and the . . 
stud makes elect~ical contact with the conducting pad;-

attaching a support to the chip; and 
ablat~ng an 1nterf ace between ~e f lrst layer and the 

' 
p1ate using ablating radiation translU.itted through the plate1 

the~eby detaching the plate. 

~ 

2 • A method according to c:lailll l, wherein the first layer 
comprises polyimide, and t:he ablating radiation cOJllpris~s laser 
radiation. 

3.. A method according to Claihl 1, Wh9l:e1n ~aid step Of fOrJlling 
the first layer further comprises providing electrical wiring 
in the first layer connegt1ng to the conducting pad. 

- 14 -
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4. A method according to claim l, wherein said step of forming 
the second layer further comprises depositing and c~ring a 

polyimide l~yer. 

5·_- A method· according- to claim 1,-~further comprising the step .,, 
of depositing an adhesive layer on the second layer prior to 
sa.id step of attaching the chip to the alignment 5tructure. 

6. A method according to c1aim 1, vherein s~id step of 

providing a stud further comprises providin~ an alloy material 
on the stud, so tha~ a metall~c connection between the stud and 
the conduc~ing pad 1s formed in said· step 0£ •t~aching the chip 
to the a1igrunant structure. 

7. A method aceo:i=ding to elai.m 1, wherein said step of 
attaching the chip to the alignment structure further comprises 
the step of laminatin~ the chip an4 the alignment stru~ure. 

a. A method according to claim 7, wherein the lanli.nat.tng step 

is performed usln9 a te1Dpe%ature in·· the range 200 °c - 400 °C 
and a pressure in the range 10 p5i - 200 psi. ~ 

9 • A method according to' claitn · 1, wherein the support is 
attached. to a second surface of the chip opposite the £~rst 
suxface thereof, and f~rther cOlllprising.the ~tep of planarizing 
the seeond surface of the ehip.bafore said. step of attaching 
the support. 

10. A method according to claim 9, wherein said planarizlng 
step is performed usin~ chem1cal-mechan1cal polishing. 

- 15 -

11iifiii 



._.,. . -- .. 

' lllll ltllll lllll-\lllltl \Ill * C L M S * 

11. A method according to claim 1, wherein said step of 
attachin9 the support to the chip further comprises the steps 

of~ 

deposi~ing a first metal layer on tbe support; ~ 

depositing a second metal layer on a second surface of the 
chip opposite the first surface thereof; 

providing a thi~d metal layer in contact with the f 1rst 
metal layer and in contact with the second metal .Iayex; and 

f o.nuing an alloy between the first metal layer and the 
third metal layer and between the second metal layer and the 
third metal layer, thereby bonding the support to the chip, 

12 • A method according to claim l, wherein said step of 
attachin9 the 'support to the chip further ~omprises the steps 
of 1 

depositing a f1rst bonding layer on the support; 
depositing a second bonding layer on a second surface of 

the chip opposite the first 6urfa~e thereof, 
depositing an alloying layer on at le•st one of \Jle first 

bonding layer and the second bonding laye:r; and 
f o:aling an alloy between the first bonding layer and the 

second bonding layer by a eutectid alloying process, thereby 
bonding the support to the chip • 

. 13. A method according to c1aim 1, wherein. said step of 

attachin~ a support to the ~ip further comprises the steps of: 
providing a support connection stud on a second surface of 

the ebip opposite the f~rst surface thereof; 
forming a layer on the support inc1udin9 a support 

conducting pad; 
forming a via in the layer on the support to expose tHe 

support conducting pad; 
aligning the support connection stud to the via in the 

layer on the support; and 

- 16 -
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causing the support connectio~ stud to bond to the support 
conducting pad, thereby bonding the support to the cli'ip. 

14. A method according to cl~im 13, wherein said step of 
providing a ~upport connection stud further comprises providing 
solder material on said stud, so.that a solder connection 
between the ~upport connection stud and the support conducting 
pad is formed in said step of causing the support connection 
stud to bond to the support conducting pad. 

15. A method accordin9·to claim 1, wherein said step of 
attaching a support to the chip fUrther.comprises the steps of: 

pro~1ding a support connect.ion stud on the support; 
fo%ll\1ng a ·layer 1ncludin9 a· support c~nducting pad on a 

second surfae~ of the chip opposite the fi~st surface tberecf; 
forming a support connection via in said layer to expose 

the support conducting pad; • 
al1qning the support co~ection stud to the support 

connection via; and 
causing the support connection stud to bond to the support 

conducting pad,, thereby .bonding the support to the chip.· 

. 
16.. A method according to claim 15,, wherein said step of 
providing a support connection·stud further comprises providing 
solder material on said stud, so that a solder cottnect~on 
between the support connection stud.and the support conducting 
pad is f ol:Dted in said step of causing the tiuppoi-t cor.noction 
stud to bond to the_ support conduc~ln9,pad. 

17.. A method according to claim 1, wherein said detaching of 
the plate exposes a second surface of the first layer oppo~ite 
the first surface thereof, and further comprisi~g the~step Qf 
forming a connection pa~ on the second surface of the first 
layer. 

- 17 
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18# A method acco~ding to claim 17, ~herein the connection pad 

is a C4 pad. 

19. A me~b~d according to claim 3, ~herein a plurality of 

chip& with a plurality of studs are connected to the alignment 
\ . 

structure, the first layer includes a plurality of conducting 

pads, and the wirin9 in the first layer interconnects the 

chips. 

20 .. 

the 

the 

A method according to claim 19, ~beEein said detachi~g of 

p1ate exposes a second surface of the f~rst layer opposite 
. . 

first surfac~ thereof, and further coJf\Pr1sing the step of 

forming a plUJ:ality of C4 pads on the second surface of the 

first l•yer, the C4 pads making electrical connect!onJfith the 

cb~ps through the wiring in the first laye~, .the studs and tbe 

c::onductin9 pads .. 

21. A meth~ for fabricating a s~miconductor device including 

a chip, comprising the steps of; 
providing a plate transparent to ablating radiation; 

for.ming a first layer on the plate; 
provid!nq a stud on a f lrst surface of ~he first layer 

opposite the plate, where the plate, the first ~ayer an~ the 

stud form an alignment structure; 
.forming a second layer on a tirst surface of the eh!p 

inc1ud1ng a conduct~ng pad contacting the chip; · 
forming a via in the second layax to expose the conducting 

aligning the stud to the via; 
'SJ 

attaching the chip to the alignment structure, so that the 

first layer con~cts the second layer and the stud makes 

electrical contact with the conducting pad; 
a~taching a support to the chip; and 
ablating an interface bet~een the first layer and the 

- 18 -

1i1iiR 



~ ...... 

1 lllllll lllltt IHll 11111: 11 Ill 
* C L K S * 

plate using ablating radiation ·transm~tted thrQugh the plate, 
thereby detaching the plate. 

22. A method according to claim 21, wh~rein the first layer 
comprises polyimide, and the ablating radiation comprises laser 
radiation. 

~3. A method according to claim 21, wherein said step of 
forming the f ~rst iayer further coruprises providing electrical 
wirin9 in the first layer connecting to the stud. 

• I o • 

24. A method according to claim 21, wherein said ~t~ of 
' . 

forming the second layer further comprises depostttng and 
curing a p&ly:lmida layer. 

25. A method according to claim 21, further comprising ~he 
step of de~ositing an adhesive layer on the s.econd layer prior 
to said step of attaching the chip to the alignment structure. 

26. A method accordi.ng to c.la1m 21, wherein said. step of 
providi~g a stud fu~ther comprises providing an alloy material 
on the stud, so that a 111etallic connection between the ~tud and 
the conducting pad is formed in said step of attaching the chip 
to 1:.he alignment structure. 

27. A method according to claim 211 where.in said ste11 of. 

attaehin9 the chip to the alignment structure further~comprises 
the step of 1aminating the chi~ and the atignment structure. 

28. A method according to ~laim ~7, wherein the laminating 
step is perforll\ed using a temperature in t.he range 200 °c -
400 °c and a pressure in the range 10 psi -·200 psi. 

-: 19 -
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29. A method according to claim 21, wherein the chip support 
is attached to a second surface of the chip opposite the first 
surface thereof, and further comprising the step of planarizing 
the second surface of the chip before said step of attaching 
the chip support. 

30- A method according to claim 29, wherein said plana~izing 
~tep is performed using chemical-mechanical polishing • 

.,, 
·31. A method a~eording to claim 21, ·wherein said step of 
attaching~ support to the chip further.comprises the stops of: 

depositing a first ~tal layer on the support; 
depositing a second metal layer on a $econd surface of the 

eh1p opposite the first surface ~hexeof; 
providing a third metal layer in contact with the first 

metal 'layer and in contact with the second metal layer~ and 
forming an a11oy bet.woen the first meta.l laye:r and the 

third metal layer and.between 'the second aiete.l layer and the . . 
third metal laye•, thereby bond~ng the suppoxt to the chip. 

32. A method according to claim 21, wherein said step of 
attaching the support ta the c:hip further comprises the steps 
of: 

depos1t1nq a first bonding layer on the·support; .. 
depositing a second bondin9 layer on a second surface of 

the chip opposite the first surface ther,of; . 
depositing an alloying layer on at least one of the first 

bonding 1ayer and the second bonding !aye~; and 

forming an alloy bet~een the first bonding layer and the 

second bonding layer by a eutectic alloying process, thereby 
bonding the support to the chip. 

- 20 -
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33. A method according to claim 21, wherein said step of 

attaching a support to the chip further comprises the ste~s of: 
providing a support connection stud on a second surface of 

the chip op~osite· the first surface thexeof; 
f orminq a layer on the support ~ncluding a suppor~ 

conducting pad; 
forming a via in the layer on the support to exp9se the 

support eonducting pad~ 
a~ignin9 the support connection stud to the via in the· 

layex on the support; and 
causing the support connection stud to bond to the ~upport 

conducting pad, thereby bonding the support to tha ehip. 

34. A method according to claim 33_, wherein aaid step of 
p~ovidinq a support conne~tion stud further com.prises providi~g 
so1der material on said stud, so that a solder conne~tion 
between 1:.he support connection stud and the suppoit conducting 
pad is form.a~ in said step of causing the·support C011J'.lection 
stud to bond to the support coftducting pad. 

35 • A method accord.ing to claim 21, wherein said step of 
attaching a support to the chip further coapxises th~ s~eps of: 

providing a support connec~ion stud on the support; 
forming a layer incl~ding a support conducting pad on a 

second surface of the chip oppo~ite th~ fi~st surf•de thereof; 
forming a support connection via in sa1d laye-r to expose 

the support conducting pad; 
aligning the support connection stud to the support 

connection vi~; and 
dausing the support connection stud to bond to the support 

conducting pad, thereby bonding the support to the chip. 

.. 21 -

iiiiU 



Hiii Ill If flf I lllf f f flm If 1111 
* C l M s * 

36. A method according to claim 35, wherein said step of 

providing a support eonnect1on stud further comp~ises providing 

an alloy mate~ial on said stud, so that a metallic c~nnection 

between the support conn~etion stud and the support conducting 

pad is formed in said.step of causi~g the support confiection 

stud to bond to the support conducting pad. 

3~. A method according to claim 21, wherein said detaching of 

the plate e~poses a second surface of the first layer opposite 

'the ·first surface thereof, and fu~ther comprising the step·ot 

fOrllling a connectio~ pad oA the second sw:face of the first 

layer. 

38. A method aecord.t.ng to ~laim 37, wher~in the connection pad 

is a C4 pad. 

39 .. A method according to claim 23, 'Wherein a plurality of 

chips with a plurality o1 vias are connected to the ali~nment 

structure, the first layer has a plurality of studs. thereon, . . 
and the wiring in the firist layer interc:onnects the c:hips. 

40.. A method accorcUng to claim 39, wherein said detaching of 

the pla~e exposes·a second surface of .the first layer opposite 

the first surfa~e thereof, and further compri~ing the step of 

forming a plurality of C4 pads on the second surface of the 

first layer, the C4 pads making electrical connection with the 

chips through the wiring in the first layer, the studs and the 

conducting pads. 

':?. 
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41. A semiconductor device including a plurality of chips, the · · 

chips having front surfaces and baok surfaces, the deilce 
comprising: 

a support attached to the chips on the ba9k ~urf aces 
thereof; 

a f ~rst layer disposed on the front surfaces of the chips 
and having a plurality of v1as formed therein and conducting 
pads in regis~rat1on with the vias; . 

a plurality of studs corresponding to the vias and 
disposed therein; and 

a second layer attached to the first layer on a s~rface of . . 
the first layer opposite the front surfaces of the chips, the 
second layer being aligned to ~he f ir~t layer by the studs in 
the vias 6 the second layer including electrical wi~in9 
connecting to the chips through the studs and'the conducting 
pads .. 

• 
42. A semiconductor device according to cla11il 41, wherein the 

electrical wiring in the second layer makes electrical 
conne¢tions between the chips. 

43. A semiconductor device according ·to c~a~m 41, wherein the 
conducting pads are disposed between th• second layer end.the 
corresponding vias; and the studs ore fot"aned in contact with 
the front surfaces of the chips. 

44. A semioonductor device aeeording 'to claim 41, wherein the 

condtlcting pads are disposed ~etween the front surf aces of the­
chips .and the ~orrespohdihg via.s, and the studs ar~ formed in 
contact with the second layer. 

45. A semiconductor device according to claim 41 1 wherein the 
~ 

first l,ayer includes polyimide. 
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46. A semiconductor device ~ccordin9 to claim 41, wherein the 

first layer includes an adhesive layer in ~ontact with the 

front surface of the chips. 

47. A semiconductor device adcordin~ to claim 411 ~herein an 

alloy material is disposed in the vias, so that metallic 

connections are f onned ~etween the studs and the corresponding 

co.ndaeting pads. 

48. A semiconductor device according to claim 4l, wherein the 

chips, the first layer and the second layex co~priae a 

laminated structure • 

. 
49. A semic:onductor device accordip.g to claim 41, whe:-ein the 

back surfaces of the chips comprise a planarized sur~ce. 

SO. A semicondactor device according to claim 411 wherein 

adjacent chips are separated by not more than 100 Jllft· 

51. A semiconductor device according to claim 50 1 .wherein a gap 

b~tween the adjacent chips is filled with polyimide. 

52. A semi.conduct.or device accC)rding to claim 41, further 

eo11.prising an attaebmen~ layer between ~he support and t~e 

chips. 

53, A ·semiconductor device according to ciaim 52, wherein the 

attachment layar includ~s a met.al.lalloy l~'yer .. 

54. A sam1conductor device aceording to claim 53, wherein the 

metal alloy laye~ is.fcJ:med by a eutectic alloying proce~s. 
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SS. A semiconductor de-'lice according to claim 52, wherein the 

attachment layer has a plurality of support connection vias 

fo:r:med therein, support connection pads in registration with the 

support ~onnection ~ias, and a plurality of ~upport connection 

studs disposed in tbe support•conneetion vias and connected to 

the support connection pads. 

5~. A semiconductor device according to claim SS, wherein an 
-alloy mate%ial is disposed in the support connection vias, so 

that metallic connections a:re formed between the suppo"'rt 

~onnection studs and the corresponding support. connection pads. 

57. A semiconductor device accord.in~ t.o claim 'ss, wherein the 

support coJ'inection pads are_ disposed between the 51:1p»ort 

connection vlas and the support, and the 5~pport eonnection 

studs are fo.rm.ed in contact with the baek surfaees of ~e chips. 

58 •. A semiconductor device according to claim SS, wherein the 

support connection pads au:e dispose~ between tbe support 

connection v1as and the.back surfaces of the chips, and the 

support ctlnnecti~h studS are foxmed in contact with.the support. 

. . 
59. A semiconduc~or device according ~o claim 41, ftU:ther 

comprising a plurality of elec~rical connection pads on a 

surface of the second layer opposite the fir:st layer .. ~ 

60. A semico~ductor device aceordihg to claim 59, wherein the 

electrical connection pads are C4 pads. 
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