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PROCESS FOR MAKING FINE PITCH CONNECTIONS

BETWEEN DEVICES AND STRUCTURE MADE BY THE PROCESS

FIELD OF 1'HE INVENTION

This invention relates to ‘manufacturing of integrated
circuit devices, More particularly, this invention relates to
a process for interconnecting multiple devices (generally with
different sizes, architectures and functions) at close
proximity and with a very high wiring density.

BACKGROUND OF THE INVENTION

The need for greater functionality and performance in
semiconductor devices has resulted in the development of larger
and more complex chips. In addition, it is. ofte}x desirable to
in¢lude several different functions on a single chip to obtain
a "system on a chip," which generally requires both an

-increased chip size and.a mere complicated manufacturing

process. These factors both tend to depress manufacturing
Yield. It is estimated that many such complex chips, with
areas greater than 400 mm?, will genexally have very poor
manufa.cturing yield (perhaps undexr- 10%).

One method of maintaining acceptable yields is to
manufacture smaller chips, and then to intexconnect those chips
on & single substrate or chip carriex. Besides improved
manufacturing yield, another major advantage of this approach
is that the individual chips may be of different sizes, perform
different functions, or be fabricated by differxent or
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incompatible methods. A conventional method of joining a
semiconductor device to a carrier involves the use of
controlled-collapse chip connections (C4s). For example, U.S.
Patent No. 4,489,364, assigned to International Business
Machines cinoration, discloses a ceramic chip carrier for
supporting an axray of chips by means of soldexr balls, such as
C4s, to form a multichip module (MCM). As an example, as Shown
in Figure 1, four separate chips 10 are mounted on a garrier
11; the carrier includes the wiring necessary to interconnect
‘the chips. A C4 chip/carrier joining method typically requires
an array of pads of about 100 um diameter; with the pads at
approximately a 200 um pitch. Such MCMs tend to be expensive,
due to their multilayered ceramic structure, and require
significantly more area than the combined area of the chips.
For devices which require a joining pitech baelow 150 ym, another
method must be used.

To realize the advantages offered by the gystem-on-a-
chip (SOC) concept, it becomes necessary for all of the
different chip functions to be in very close proxzimity and have
very. precise alignment with respect to each other. The
alignment and interconmnection should also be pexformsd with
minimal added complexity in the ovexrall process. In the case
Of an SOC, the interconnections should be made on top of the
chips rather than in the chip carrier substrate.

.There remains a need for a process for fabricating a
device having a dense arrxangement of chips and a high wiring
density of chip-to-chip interconnections which can be practiced
with high manufacturing yield. ‘

SUMMARY OF THE INVENTION

The present invention addresses the above-described need
by providing a methoed for fabricating a gemiconductor device
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including a chip, in which very fine-pitch connections are madé
between chips by using matching stud/via structures.

According to a first aspect of the invention, a stud is
provided on a first surface of a chip (the surfece closest to
the active area), and a first layer is formed on a plate which
is transparent to ablating radiation. The first layer includes
a conducting pad on a surface of the layer opposite the Plate,
and generally has electrical wiring therein for device
:i.nterconnection. A second layer is formed on that surface of
the first layer, and a via is formed in the second layer to
expose the conducting pad; the alignment substrate, the first
layer and the second layer form a temporary alignment
structure. The stud on the chip surface is then aligned and
inserted into the via, and the chip is attached to the
alignment structure. ' The first surface of the chip thus
contacts the second layer and the stud makes electrical contact
with the conducting péd (so that a stud/via comnnection is
- made). A support is.then attached to the chip (or array of
chips) on the backside thereof. The interface batween the
first layer and the transparent plate 1s ablated using ablating
radiation (typically laser radiation) transmitted through the
plate, thereby detaching the plate. .

The chip (or-chip array) and the alignment structure may
be fully bonded by performing a lamination process. To ensure
thexmal conductivity from the chip to the support material, the
support may be attached by forming an allojr between metal
layers deposited 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 formed in a
layer deposited on the support). If the chips are of different
thicknesses, the chips are planarized (typically by grinding
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 layer. In order to permit
interconnection with other carriers, connection pads such as c4
pads are foxmed on this surface.

Ac'cozcl_ing to a second aspect of the invention, a stud is
provided on the first layer formed on the transparent plate,
while & via is formed in a second layer on the first surface of
the chip. The stud is aligned to the via, and the chip is
,attached to the alignment structure so that the first layer
’contacts the second layerxr and the stud makes electrical contact
with the conducting pad.

After the stud and via are aligned, the chip and the
al:lgnment structure may be bonded by a lamination process, as
noted above. The suppo:e sibstrate’ may also be attached by
metallizing the chip and support and forming an alloy
' therebetween, or by ‘making stud/via connections. If the chips
Aare of different thicknesses, the chips are planarized. A
-hackside support “is then attached to the chip (or.arrzy of

ch‘:l.ps) . The interface between the Eirst layexr and the
-trmparent plate is ablated using ablating radliation
transnitte\i throngh the plate, thexeby detaching the-plate.
According to another aspect of the invention, a
semiconductor device is provided which includes a plurality of
- chips. A suppoxt is attached to the chips on the back surfaces
t}ge:reot., A first lafei is disposed on the front surfaces of
the chips; this layer has a pluraiity of vias formed therein
and conducting pads in registration with the vias.. A plurality
of studs, corresponding to the vias, arxe disposed in the vias.
A second 1ay'e:c is eattached to the first layer on a suxface of
. the fixrst layex opposité the front surfaces of the chips. This
second layer is aligned to the firxst l'ayer by the studs in the
vias. The second layer includes eélectrical wiring connecting
to the chips through the studs and the conducting pads.
The electrical wiring in the second layer makes electrical
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connections between the chips. The stud/via structurés ﬁay be'
formed eithey with the studs ip contact with the front surfaces
of the chips or with the studs in contact with the second
layer.

The support may be attached to the back surfacaes of the
chips by a metal alloy layer, or by a layer which includes
stud/via structures. Electricsl connection pads (such as C4
pads) may be provided on the second layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a chip carrier on which four ind.ividual
chips are mounted and through which the ‘chips are
intexrconnected.,

Figure 2A is a schematic cross-sectional view of a
semiconductor device or chip, accoxding to a first embodiment
~ of the {nvention.

; F.’Lgure 2B is a schematic cross—-sectional view of a
tempo:ary structure including a tran'sparent plate for aligning
the invention. ~* _

_ Figures 3A-3E illustrate steps in a fabrication process
for a dévice having a dense arrangement of chips, in accordance
with the first embodiment of the invention.

Figures 4A-AC illustrate an alternative method of
attaching the chip suppoxt shown in Figure 3E.

Figure 5 illustrates the use of ablating radiation to
detach the transparent plate. .

Figures 63 and 6B {llustrate fuxther steps in the 9
fabrication procesg according to the first embodiment of the
invention, after removal of the transparent plate; Figures 6A
and 6B show chip supports attached as in Figures 3E and 4C,
respectively.

_’F—M—;—
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Figures 7A and 7B are schematic cross-sectional views of a.
chip and temporary aligmnment structure, respectively, according
to a second embodiment of the invention.

Figuree 8A-8C ifllustrate steps in a fabrication process
for a device having a dense arrangemeant of chips, in accordance
. with the second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the present invention, a semiconductor
device including a chip is fabricated using stud/via
connegtions, as detailed below. .

In the first embodiment of the invention, chip 2 has metal
studs 20 formed on the terminal surface 2a (see Figure 2a).
Studs 20 may be formed of Ni, Cu, Ni-plated Cu, W oxr some other
metal oxr combination of metals. It is understood that the
active axeas of éhip 2 are close to surface 2a; some material
will be removed from the back surface 2b in a later processing
step. The studs 20 protrude from surface 2a a distance which
typically is 5 ym or less. A layer 21 of a low-melting-point '
alloy material is deposited on the surface of the stud; this
facilitates formetion of an electrical conmnection during the
joining process. This material is typically 90/10 Pb/sn _
solder, "2 um ox less thick; alternative alloy materials include
Au/Sn and Sn/Ag. The alloy material may be subjected to a
thermal reflow process so that layer 21 acquires a rounded
shape, as shown in Figure 2A; this facilitates alignment of the
studs on the chip to vias on the alignment structure.

~ Figure 2B shows the structure of a temporary alignment
structuke 12, according to the first embodiment of the
invention. The temporary alignment structure 12 includes a
transparent plate 22 (such as boro-float glass from Schott
Glasses). At this stage in the process, the transparent plate
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22 has various layers disposed thereon; plate 22 is separated
from those layers at a later stage of the process. Dielectric
layer 23 (typically polyimide), on top of plate 22, has
embedded therein high-density wiring 24 (generally several
levels of Cu conductoxs, as shown schematically in Figure 2B),
and has electrical joining pads 25 on the surface 232 opposite
plate 22. Although layer 23, including the conductors, is
shown as a sfingle layer, it will be appreciated that for easge
of manufactu:zng it is often designed and fabricated as a
multilayer Structure. Pads 25 are typically Ni, but may also
be Cu, Ru, Co or a combination thereof. A dielectric’layer 25
overlies the wiring layer 2z3; layer 26 may be formed of a
polyinmide material typically used in thin fiim packaging
processing.

Layer 26 has vias 27 formed therein (e.g. by reactive-ion
etching oy by an excimer laser), so that a-tetmlnal metal
Joining pad 25 is at each via bottom. The thickness of layexr
26 (and hence the depth of the vias 27) is chesen to match the
height of the studs 20.

As shown in Figure 2B, the vias may be formed with a _
sloped wall angle as a gﬁide for high—accuracy, self-aligned
placement of the studs 20 in the vias 27. The wall angle of
the via may be tailored to be either near-vertical or sloped.
& npear-vertical profile can be obtained if the vias are formed
by RYE. It has been noticed that stud/via alignment is readily
accomplished when the wall angle is 65°; a via with thds wall
angle may conveniently be obtained when an excimer laser is
used to form the via.

A thin coating 28 of thermoplastic polymer adhesive (such
as Kapton-KJ® from Dupont) may be deposited on the top of the
dielectric layer 26, to ensure reliable bonding to the chip
surface 2a. Alternatively, the entire layer 26 may be formed
of adhesive material. An adhesive iayer may be deposited on

_surface 2a of chip 2 in addition 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 accoxdance with the fixst
embodiment of the invention, is shown in Figures 3A-3G. The
chips are aligned to the alignment structure 12 py plaeing
studs 20 in corresponding vias 27. As is understood by those
skilled i{n the art, an automated alignment tool may be used to
align the chips to the alignment structure; if such a tool is
used, the matching of the stud pattern to the via pattern can
be made with a pitch of as.little as 2 um. Alt:ernatively, the
alignment may be done optically, by viewing an alignment mark
on surface 2a of chip 2 through the transparent plate 22; in
that case a viewing hole must be formed in layers 23 and 26.
Since the system may be built from chips having different
functions and originating from different device wafers,
adjacent chips may have different thicknesses, as shown in
‘Figure 3A.

Each chip 2 may be temporarily held in position relative
to the alignment structure 12, while alignment and placement of
other chips is performed. This may be done by 'usi.ng focused
infrared heating to melt solder on a selected stud (e.g. solder
21t on stud 20t), thereby "spot welding” the stud to the
corresponding joining pad 25t. It will be apprecieted that
such heating should be performed outside an active device area
of the chip, as }:eating through the dgvice area should %be
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 temporar:lly held to corresponding portions of

- the alignment structure.

Alternatively (even if adhesive layer 28 is not used),
chip 2 may be temporarily held in position by perforﬁing the
alignment procedure at an elevated temperature, so that the
surface of polyimide layer 26 is slightly "tacky" before being
brought into contact with gurface 2a of chip 2.

After all of the chips 2 have been aligned and temporarily

...'8-
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held or "tacked” to the alignment structure, a lamination
process is performed to permanently attach the chips to layexs
23 and 26 (see Figure 3B). The .lamination process is typically
performed at-elevated temperature and pressure, to ensure (i)
stud/via registration; (2) vertical metal bonding between the
studs 20 and via joining pads 25; and (3) bonding of the chips
2 to layer 26 (and to any material therebetween). Depending on
the materials used, the temperature may be in the range 200 °C
~ 400 °C and the pressure may be in the range 10 pgi - 200 psi.
As shown in Figure 3B, the lamination process causes the solder
21 to flow so that solder either partially or completely fills
via 27.

To build a dense array of chips (so as to arxive at an
optimum performance integrated system-on~a~chip structure),- it

is desirable that the gaps 30 between adjacent chips be as

narrow as possible (see Figures 32 and 3B). The minimum gap
width (and hence the chip density) dependz on the gap filling
technique. Gaps having a'width of about 60 ym may be filled
with polyimide by dispensing the polyimide with a MfcroPen™,
wanufactured by OhmCraft™ of Honeoye Falls, NY.

. After the lamination process, the gaps 30 between.chips
are fully or partially filled with a suitable material 31, such
as thermoset epoxy or another organic material (Figure 3C).
Since the different chips will typically have their thicknesses
reduced and preferably made uniform in a later processing step,
the gaps 30 need only be filled to a level matching their

.eventual auniform thickness.

The chips are then thinned and planarized to have a
uniform thickness, preferably by grinding and chemical-
mechanical polishing (CMP) of their back surfaces 2b. As shown
in Figure 3D, the result of this process is tha_ﬁ the varjous
chips have a uniform planar back surface 2p with respect to
each other. ’ .

A chip support 32 (typically a Si wafer) is then bonded to

-9 - ?
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the planarized back surface 2p of the chips, as shown in Figuré
3E. If the system has only low-powexr (~ 1 W) chips, this
bonding may be perfoxrmed using an insulating adhesive.

However, if the system includes high-power chips, it is
necessary to allow for heat transfer away from the chips; the
bonding material must then be thermally conductive. A
thermally conductive bond between chips 2 and support 32 may be
obtained by a metal alloying process, in which an alloy is
formed between metallized surfaces of the blanaz.i.zed chips 2 .
and the chip support 32. To create this conductive layer, the
chip support 32 is first coataed with a layer 33 to ensure
adhesion of the conductive layer to the chip support surface;
for example, this 'layer may be a Ti/TiN combination or TiW. A
similar layer 34 is deposited on the back surface 2p of the
chips. The two layers 33, 34 are then placed together facing
each other, with an alloying layer 35 placed between them (see
Figure 3E). Alloying layer 35 is preferably a metal (e.g. Sn)
or combina’ti.on of metals (e.g. Au-Sn) which permits bonding
below 400 °C, in order to be compatible with previocusl¥y
processed materials. Using a slightly crushable Sn foil
between the two layers 33, 34 ensures good mechanical contact
before alloying. Alternatively, an additional layer with
suitable eutectie -pxoperties .may bé deposited on each bonding
layexr 33, 34, and the two surfaces then brought into direct
contact. Applying a heat treatment (below 400 °C) results in
formation of ar alloy between layer 35 and each of layers 33
and 34. Another low cost alternative, which 1s Xnown 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 thermally
conductive bond between chips 2 and support 32 is shown in
Figures 4A-4C. This process uses a stud/via matching
. technique, similar to that described above. Metal studs 49 are
formed on the planarized surface 2p of the chips., Thefe studs
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may be the same metal as studs 20, or may be of Cu to ensure
thermal conductivity. A layer of solder 41 may be applied to
the surface of the stud. Chip support 32 has conducting pads
45 deposite4~thereon, with a polyimide layer 46 overlying the
pads (Figure 4B). . The polyimide layer 46 has vias 47 formed
thexein to expose pads 45. The studs 40 on chips 2 are then
aligned to the vias 47, and a lamination process is performed
to permanently attach the chip support 32 (Figure 4C). as
shown in Figure 4C, the size and pitch of studs 40 and vias 47
may be much greater than those of the wiring intexconnection
studs 20 and vias 27. o

It will be abpreciaﬁed that a stud/via connection between
the support 32. and chips 2 may also be realized by reversing
the positions of studs and vias shown in Figures 4A-4C; that
is, studs 40 may be formed on suppoxt 32 while conducting pads
45 and layer 46 are deposited on planarized surface 2p,

It should be noted that the chip support 32 can be of any
convenient size and shape to accommodate the chips. In
particular, if the chips are generally rectangular, the
. substrate may also be rectangular.

. The straé:ure shown in Figure 3E (altgrnativeiy, Figure
4C) is then subjected to a laser ablation process. Laser
radiation 36, incident on surface 22a of transparent plate 22,
penetrates the plate and ablates the intexface between the

'plate and the polyimide of layer 23 (Flgure 5). This results
in delamination of the plate from layer 23, so that plate 22
may be removed. The chip sgupport 32 thus becomes the sdpport
for the chips, the wiring layer, and the stud/via connections
therebetvween. . .

With plate 22 removed, surface 23b of layer 23 is exposed.
C4 pads 37 are then formed on this surface (or are exposed if
already present), so that the interconnected chips may be

joined to an appropriate carrier. The device then appears as
shown in Figure 6A, if the chip support 32 is attached using a

- 11 -
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metallization and élloying process (see Figure 3E).
Alternatively, if a stud/via connection process is used to
attach chip support 32 (see Figures 4A~4C), 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 is used to join the chips and the
wiring layer, but the positions of studs and vias are reversed.
As shown in Figure 72, chip 2 has disposed thereon comducting
pads 55, dielectric layer 56 with vias 57, and thermoplastic
adhesive layer 58. Temporary alignment structure 12, including
transparent plate 22 and high-density wiring layer 23, has
studs S0 with solder layers 51 (Figure 7B). »

‘The chips and alignment structure are then aligned as in
the first embodiment, resulting in the arrangement shown in
Figure 8A. Further processlng, including lamination, f£illing
the gap 60, planazlzing the chips and attaching chip support
32, also proceeds as in the first embodlment. If the chip
support is attached using a metallization/alloying process, the
resulting structure is as shown in Figure 8B (compare Figure
6A). If the chip support is attached using a studlvia
connection process with s;uds on the planarized back surface of
the chips, the resulting stxucture is-as shown in Figure 8C
(compare Figure 6B). '

The chip connection method described herein permits
greatly increased wiring demsity for chip-to-chip
interconnections, thereby realizing higher device bandwidth.

- Purthexmore, with this method the need for conventiongl C4

chip-to-chip connections is eliminated; the complexity of the
carrier substrate is therefore reduced. More space thus '
becomes available for a system designex to allocate C4{s to meet
other regquirements; this in tuxn offers oﬁportunities to degign
more. advanced device stxuctures.

-1z -
ThszhsetHasBean Replaced

HAMUT




R

In addition, this method permits both highly accurate chié
placement with vertical interconnections on the front side of
the chips and assured thermal conductivity on the backside of
the chips. It should also be noted that bonding over large
areas often leads to formation of volds in the bonding area;
Wwith the small area of the stud/via connections this problem is
greatly reduced. Furthermore, by.using direct wiring
interconnections, the overall chip signal fidelity is
significantly improved (espec;ally for high-frequency deuces) ,
"and power requirements are reduced.

As noted above, this wmethod is applicable to foxrm large~
area chips, chips with mixed functions, and chipg fabricated
with various (perhaps incompatible) processes. Accordingly,
this method is especially useful for spedélized, h{gh—
functionality chips such as ASICs, wireless chips and A/D

convertor chips, among others.
While the invention has been described in terms of

specific embodiments, it is evident in view of the foregoing
description that numerous alternatives, modiucauons and
variations will be apparent to those skilled in the art.
Accprdinqu, the invention is intended to epcompass all such
a'lternatives, modifications and variations which fall within
the scope and spirit of the invention and the following claims.
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we claim:

1. A method. for fabricating a semiconductor device including a

chip, comprising the steps of: ,

- ~providing a studona ftrst-surfaée—vf—the chipy
providing a plate transparent to ablating radiation;

. forming a first layer on the plate, the first layer
including a conducting pad on a first surface of the fLirst
layer opposite the plate;

forming a second layer on the first surface of the first
layer, where the plate, the first layer and the second layer
form an alignment structure;

forming a via in the second layer to expose the conducting
pad;

aligning the stud to the via;

attaching the chip to-the alignment gtructure, so that the
first surface of the chip contacts the second layer and the
stud makes electrical contact with the conducting:padr

attaching a support te the chip; and

ablating an interface between the first layer and the
plate using dﬁlating radiation transmitted through the plate,
thereby detaching the plate.

. @
2. A method according to claim 1, wherein the first layer
comprises polyimide, and the ablating radiation comprises laser
radiation.

3. 2 method according to claim 1, wherein said step of forming
the first layer further comprises providing electrical wiring
in the first layer connecting to the conducting pad.

PR P O
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4. A method according to claim 1, wherein said step of forming
the second layer further comprises depositing and curing a

polyimide layer.

5. A method according to claim 1, further comprising the step
of depositing an adhesive layer on the second layer pnor to
gaid step of attaching the chip to the alignment structure.

6. A method according to c¢laim 1, wherein said sﬁgp of
providing a stud further comprises providing an alloy material
on the stud, so that a metallic connection between the stund and
the conducting pad is formed in said step of attaching the chip
to the alignment structure.

7. A method according to claim 1, wherein said step of
attaching the chip to the alignment structure further comprises
the step of laminating the chip and the alignment structure.

8. A method according to cleim 7, wherein the laminating step
is performed using a temperature in-the range 200 °C - 400 °C
and a pressure in the range 10 psi - 200 psi. ®

9. A method according to claim 1, wherein the support is
attached to a second surface of the chip opposite the first
surface thereof, and fqrther comprising. the step of planarizing
the second surface of the chip before gaid step of attaching
the support.

10. A method according to claim 9, wherein said planarizing
step is performed uwsing chemf{cal-mechanical polishing.
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11. A method according to claim 1, wherein said step of
attaching the support to the chip further comprises the steps
of:

depositing a first metal layer on the support; .

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

providing a thixd metal layer in contact with the first
metal layer and in contact with the second metal .layer; and
) forming an alloy between the first metal layer and the
third metal layer and between the second metal layexr and the
third metal layer, thereby bonding the support to the chip.

12. A method according to claim 1, wherein sald step of
attaching the'support to the chip further comprises the steps
of:
' depositing a first bonding layer on the support;

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

depogiting an.alloying layer on at least one of the first
bonding layer and the second bonding layer; and

forming an alloy between the first bonding layer and tﬁe
second bonding layer by a eutectic alloying process, thexeby
bonding the support to the chip.

- 13. A method accoxding to claim 1, wherein said step of
" attaching a support to the chip further comprises the steps of:

providing a suppért connection stud on a second surface of
the chip opposite the first surface thereof;

forming a layer on the suppert including a support
conducting pad;

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

aligning the support comnnection stud to the via in the

layer on the support; and "

.-16..
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causing the suppoxt connection stud to bond to the support
conducting pad, thereby bonding the support to the cKip.

14, A method according to claim 13, wherein said step of
providing a suppoxt connection stud furthexr comprises pProviding
solder material on said stud, so that a solder connection
between the support connection stud and the support conducting
pad is formed in said step of cansing the support connection
stud to bond to the support conducting pad.

15. A method according te claim 1, wherein said step of
attaching a support to the chip further comprises the stepg of:

providing a suppoxt connection stud on the suppoxrt;

forming a layer 1nc1uding a support conducting pad on a
second surface of the chip opposite the first surface thereof;

forming a support connection via in said layer to expose
the suppoxrt conducting pad; . S 4

aligning the support connection stud to the support
connection via; and

causing the support connection stud to bond to the support
conducting pad, thercby 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 omn said stud, so that a solder counection .
between the support connection stud and the support conducting
pad is formed in said step of causing the suppoxrt connection

stud to bond to the support conducting pad.

17. & method according to claim 1, wherein said detaching of
the plate exposes a second surface of the first layer opposite
the first surface thereof, and furthexr comprising thesstep of
forming a connection pad on the second surface of the first
layer.

...17-
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18. A method according to claim 17, wherein the connection pa&
is a C4 pad. '

19. A method according to claim 3, wherein a plurality of
chips with a plurality of studs are connected to the alignment
structure, the first layer 1ncludes a plura11ty of conducting
pads, and the wiring in the first layer interconnects the

chips.

20. A method according to claim 19, wherein said detaching of |
the plate exposes a second surface of the first layer opposite
the first surface thereof, and further comprising the step of
forming a plurality of C4 pads on the second surface of the
first layer, the C4 pads making electrical comnection yith the
chips through the wiring in the fLirst layer, .the studs and the

conducting pads.

21. A method for fabricating =z seniconductor device including
a chip, comprising the steps of:

providing a plate transparent to ablating radiation;

forming a first layexr on the plate;

providing a stud on a first surface of the first layer
opposite the plate, where the plate, the first layer and the
stud form an alignment structure;

forming a second layer on a fixst surface of the chip
including a conducting pad contacting the chip; -

_ forming a via in the second layexr to expose the conducting

pad;

aligning the stud to the via; Y

attaching the chip to the alignment structure, so that the
first layer contacts the second layer and the stud makes
electrical contact with the conducting pad;

attaching a supporxt to the chip; and

ablating an interface between the first layer and the
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plate using ablating radiation transmitted through the plate,
thereby detaching the plate.

22. A method according to claim 21, wherein the first layer
comprises polyimide, and the ablating radiation comprises lamer
radiation.

23. A method according to claim 21, wherein said step of
forming the first layer further comprises providing electrical
wiring in the first layer connecting to the stud.

24. A method according to claim 21, wherein said sted of
forming the second layer further comprises depositing and
curing a polyimide layer.

25. A method according to claim 21, further comprising the
step of depositing an adhesgive layer on the second layer priox
to said step of attaching the chip to the aligmment structure.

26. A method according to claim 21, wherein said step of
providing a stud further comprises providing an alloy material
on the stud, so that a metallic connection between the stud and
the conducting pad is formed in said step of attaching the chip
to the mlignment structure. ‘

27. A method accoxrding to claim 21, wherein said step of
attaching the chip to the alignment structure further-comprises
the step of laminating the chip and the alignment structure.

28. A method according to claim 27, wherein the laminating
step is performed using a temperature in the range 200 °C -
400 °C and a pressure in the range 10 psi - 200 psi.

- 19 - |
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29. A method accoxding 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 planaxizing
step is performed using chemical-mechanical polighing.

k 4

‘31. A method according to claim 21, -wherein said step of

attaching a support to the chip further. comprises the steps of:

depositing a first metal layer on the support;

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

_ providing a third metal layer in contact with the first

metal layer and in contact with the second metal layer; and

forming an alloy between the first metal layer and the
third metal layer and between the second wetal layer and the
third metal layer, thexeby bonding the suppoxt to the chip.

32. 2 method according to claim 21, wherein said step of

- attaching the support to the chip fuxther comprises the steps

of:

depositing a first bonding layer on the’ support;

depositing a second bonding layer on a second sur;ace of
the chip opposite the first surface thexeof;

depositing an alloying layer on at least one of the first
bonding layer and the second bonding layer; and

forming an alloy between the first bonding layer and the
second Londing layer by 2 eutectic alloying process, thereby
bonding the support te the chip.

- 20 - This Sheet Has Been Replaced

i’




_

A g

33. A wethod according to claim 21, wherxein said step of
attaching a support to the chip further comprises the steps of:

providing a support connection stud on a second surface of
the chip opposite the first surface thexeof;

forming a layer on the support including a support
conducting pad;

forming a via in the layer on the support to exppse the
support conducting pad;
. aligning the support connection stud to the via in the
layex on the support; and

cauéing the support comnection stud to bond to the support
conducting pad, thereby bonding the support ts the chip.

34. A method according to claim 33, wherein said step of
providing a support connection stud further compriges providing
solder material on saild stud, so that a solder connection
between the support connection stud and the support conducting
pad is formed in said step of causing the support counection
stud to bond .to the support conducting pad.

35. A method according to claim 2], wherein said step of
attaching a supbort to the chip further comprises'th%_steps of:

providing a support connection stud on the support;

forming a layer including a support conducting pad on a
second surface of the chip oppozite the first surface therecf;

forming a support connection via in said layer to expose
the support conducting pad; '

aligning the support connection 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.

- 21 ~
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36. A method according to claim 35, wherein said step of
providing a support connection stud further comprxises providing
an alloy material on said stud, so that a metallic connection
between the support connection stud and the support conducting
pad is formed in said_stép of causing the support confiection
stud to bond to the support conducting pad.

37. A method according to claim 21, wherein said detaching of
éhe plate exposes a gecond surface of the first layer opposite
‘the first surface thereof, and further comprising the step' of
forming a connection pad on the second surface of the first

layeéx.

38. A method according to c¢laim 37, wherein the connection pad
is a C¢ pad.

39. A method according to claim 23, wherein a plurxality of
chips with a plurality of vias are connected to the alignment
structure, the first layer has a plurality of studs thereon,
and the wiring in the first layer interconnects the chips.

40. A wmethod according to claim 39, wherein said detaching of
the plate exposes a second surface of the first layer opposite
the first surface thereof, and further comprising the step of
forming a plurality of C4 pads on the second surfate 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. ' '

.-22.-
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41. A semiconductor device including a plurality of chips, the
chips having front surfaces and back surfaces, the degice
comprising: . '

a support attached to the chips on the back surfaces
thereof;

a first layer disposed on the front surfaces of the chips
and having a plurality of vias formed therein and conducting
pads in registration with the vias;

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

a second layer attached to the flrst layer on a surface of
the first layex opposite the front surfaces of the chips; the
second layer being aligned to the first layer by the studs in
the vias, the second layer including electrical wixing ,
connecting to the chips through the studs and the conducting
pads.

‘ @ .
42, A semiconductor device according to claim 41, wherein the
electrical wixing in the second layer makes electrical
connections between the chips.

43. A semiconductor device according -to claim 41, wherein the
conducting pads are disposed between the second layeér and.the
corresponding vias, and the studs are formed in contact with
the front surfaces of ;he chips.

44, 2 semiconductor device according to claim 41, wherein the
conducting pads are disposed petween the front surfaces of the
chips and the correspohding vias, and the studs are formed in
contact with the second layer.

45. A semiconductor device accoxding to claim 41, whg’rein the
first layer includes polyimide.

~ 23 ~
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46. A semiconductor device according to claim 41, wherein the
firet layer includes an adhesive layer in contact with the
front surface of the chips.

47. A semiéonductor device according to claim 41, wherein an
alloy material is disposed in the vias, so that metallic
connections are formed between the gtuds and the corresponding
conducting pads.

48. A semiconductor device according to claim 4), wherein the
chips, the first layer and the second layer comprise a
laminated structure, :

49. A semiconductor device according to claim 41, wherein the
back surfaces of the chips comprise a planarized surface.

50. A semiconductor device according to claim 41, wherein
adjacent chips are separated by not more than 100 pm.

51. & semiconductor device according to claim 50,. wherein a gap
between the adjacent chips is filled with polyimide.

52. A semiconductor device according to claim 41, further
comprising an attachment layer between the support and the
chips.

:

53, A semiconductor device according to claim 52, wherein the
attachment layer includes a metal’alloy layer.

54, A semiconductor device according to claim 53, wkerein the
metal alloy layer is formed by a eutectic alloying pxocess.

-24..
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55. A semiconductor device according to claim 52, vwherein the
attachment layer has a plurality of support coanection vias
formed therein, support connection pads in registration with the
support connection vias, and a plurality of support connection
etuds disposed in the support’connection vias and connected to
the support connection pads.

56. A semiconductor device according to claim 55, wherein an
alloy material is disposed in the suppoxt connection vias, so

. that metallic connections are formed between the support

connection studs and the corresponding support cennection pads.

57. A semiconductor device accord;ng to claim 55, wherein the
support connection pads are disposed between the support
connection vias and the support, and the support connection

' studs are ‘formed in contact thh the back surfaces of the chips.

58. A semiconductor device according to claim 55, wherein the
support connection pads are disposed between the support
connection vias and the back surfaées of the chips, and the
support connection studs are foxmed in contact with ‘the support.

59. A semiconductor device according to claim 41, further
comprising a plurality of electrical connection pads on a
surface of the second layer opposite the first layer..®

60. A semiconductor device accordihg to claim 59, wherein the
electrical connection pads are C4 pads.
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