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COMPLAINT

Plaintiffs Advanced Semiconductor Engineering, Inc., ASE Test Limited, and ASE
(U.S.) Inc. (collectively “ASE”) for its Complaint against Tessera, Inc. (“Tessera”) herein allege:

NATURE OF ACTION

1. This is an action for declaratory relief arising under the Patent Act of the
United States, 35 U.S.C. §100 et. seq., regarding non-infringement and invalidity of United States
Patent No. 5,663,106 (“’ 106 Patent”). A copy of the *106 Patent is attached hereto as Exhibit A.

PARTIES

2. Advanced Semiconductor Engineering, Inc. is a corporation organized
under the laws of Taiwan, Republic of China, and has a principal place of business at 26 Chin
Third Road, Nantze Export Processing Zone, Kaohsiung, Republic of China.

3. ASE Test Limited is a corporation organized under the laws of Taiwan,
Republic of China, and has a principal place of business at 10 West Fifth Street, Nantze Export
Processing Zone, Kaohsiung, Republic of China.

4. ASE (U.S.)) Inc. is a California corporation and has a principal place of
business at 3590 Peterson Way, Santa Clara, California 95054.

5. On information and belief, Tessera is a Delaware corporation with its
principal place of business in San Jose, California.

JURISDICTION

6. This Court has jurisdiction over this action, under 28 U.S.C. §§ 1338(a),
2201, and 2202, because this action arises under the patent laws of the United States, and is based
upon an actual controversy between ASE and Tessera regarding the non-infringement and
invalidity of the *106 Patent.
VENUE
7. Venue is proper in this Court pursuant to 28 U.S.C. §§1391(b) and (c). This

district is the principal place of business for both Tessera and ASE (U.S.) Inc.
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8. Personal jurisdiction and venue over Tessera are proper in this District as
Tessera markets and licenses its patent portfolio within this jurisdiction and has conceded
jurisdiction in concurrent litigation pending before Judge Wilken.

FACTUAL BACKGROUND

9. On September 2, 1997, the United States Patent Office issued the 106
Patent, entitled “Method of Encapsulating Die and Chip Carrier.” The *106 Patent states on its
face that Tessera is its assignee. Exhibit A, page 1.

10.  On August 1, 2008, Tessera informed ASE that Tessera intended to move to
add the *106 Patent to the pending International Trade Commission Investigation entitled In the
Matter of Certain Semiconductor Chips with Minimized Chip Package Size and Products
Containing Same (IV), ITC Inv. No. 337-TA-649 (“the 649 Investigation™), alleging that ASE is
infringing the *106 Patent.

11. At present, the parties are involved in two separate cases: the 649
Investigation and a pending patent infringement case in United States District Court in the
Northern District of California, Case No. 05-4063 CW, before the Honorable Claudia Wilken.
Each case has multiple Patents in Suit and concern products similar to those products which
Tessera contends infringe the *106 Patent.

12. By reason of the foregoing, there is a justiciable controversy between ASE
and Tessera concerning non-infringement and invalidity of the 106 Patent.

13. ASE therefore seeks a Declaratory Judgment from this Court that ASE’s
packaging services have not and do not infringe Tessera’s 106 Patent, either directly, indirectly,
or otherwise.

14.  ASE also seeks a Declaratory Judgment from this Court that Tessera’s 106

Patent is invalid.

FIRST CLAIM FOR RELIEF

15. Plaintiff ASE realleges and repeats the allegations of paragraphs 1-14 as
through fully set forth herein.
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16.  ASE seeks a Declaratory Judgment from this Court, under Fed. R. Civ. P.
57 and 28 U.S.C. §§ 2201 and 2202, declaring the *106 Patent to be not infringed by ASE, and
granting ASE all other declaratory relief to which it may be entitled.
SECOND CLAIM FOR RELIEF

17.  Plaintiff ASE realleges and repeats the allegations of paragraphs 1-16 as
through fully set forth herein.
18.  ASE seeks a Declaratory Judgment from this Court, under Fed. R. Civ. P.
57 and 28 U.S.C. §§ 2201 and 2202, declaring that the claims of the *106 Patent are invalid for
failing to satisfy one or more requirements of the Patent Statute, including, without limitation, 35
U.S.C. Sections 101, 102, 103, 112, and 282,
PRAYER FOR RELIEF

WHEREFORE, ASE respectfully requests that the Court:
A. issue a Judicial Declaration that:
1. Advanced Semiconductor Engineering, Inc., ASE Test Limited, and
ASE (U.S.) Inc. have not infringed and are not infringing any claim of Tessera’s United States
Patent No. 5,663,106, either directly, indirectly, or otherwise.
2. The claims of Tessera’s United States Patent No. 5,663,106 are
invalid.
B. grant any and all equitable relief to which Advanced Semiconductor
Engineering, Inc., ASE Test Limited, and ASE (U.S.) Inc. are entitled;
C. award Advanced Semiconductor Engineering, Inc., ASE Test Limited, and
ASE (U.S.) Inc. all other and further relief to which they may be entitled; and
D. order such relief as the Court deems just and equitable.

JURY DEMAND

Advanced Semiconductor Engineering, Inc., ASE Test Limited, and ASE (U.S.)

Inc. demand a trial by jury of all issues triable of right by a jury.
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Dated: August 4, 2008

-

THELEN REID BROWN RAYSMAN &
STEINER LLP

Robert E. Camors, Jr.
Papool S. Chaudhari

Attorneys for Plaintiffs
Advanced Semiconductor Engineering, Inc., ASE
Test Limited, and ASE (U.S.), Inc.
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METHOD OF ENCAPSULATING DIE AND
CHIP CARRIER

TECHNICAL FIELD

The present inveation relates generally to a method of
encapsulating a semiconductor chip assembly, and more
specifically to a method of encapsulating a semiconductor
chip assembly within & ring or a can, while protecting the
terminals on the chip carrier.

BACKGROUND OF THE INVENTION

A semiconductor chip assembly may include a chip
carrier which includes a dielectric layer overlying the front
surface of the chip, with an array of terminals or “bumps” v
the dielectric layer, and leads electrically conncected to the
terminals, and a semiconductor chip or “'die”, The bumps in
the chip carrier are connected via the leads to contacts on the
die. Such a chip assembly typically is used by placing it on
a circuit board or other circuil panel and electrically con-
neeting the terminals on the chip carrier to the panel as by
soldering.

It is often desirable to more effectively “package” o
semiconductor chip assembly so that it can be handled with
less fear of damage to the asscmbly so that a heat sink can
be married with the semiconductor chip or both. However,
if a semiconductor chip assembly is to be so packaged for
these u other purposes, the utmost care must be taken
during the packaging process to avoid affecting the integrity
of the terminals on the chip carrier. In particular, it is
jmportant to avoid contaminating the terminals on the chip
carrier with the encapsulant.

Accordingly, a method of controlling the encapsulation of
a sericonductor chip assembly, with or without an elasto-
meric pad or layer, such that the integrity of the terminals
anc Jeads are not affected is desirable.

SUMMARY OF THE INVENTION

The preseat invention provides a method of contolling
encapsulation of a semiconductor chip assembly, as well as
providing a method of simultaneously forming elastomeric
layer and controlling such encapsulation.

In accordance with one embodiment of the present
invention. a semiconductor chip assembly or other compo-
nent having a top layer with an array of exposed terminals
is encapsulated by placing it in an encapsulant barrier next
1o the semiconductor chip assembly such that it at least
partially defines an encapsulation area, and providing a
protective barrier for protecting the exposed terminals on the
top layer during encapsulation. Encapsulation material is
introduced into the encapsulation area, and by reason of the
protective barrier. it is prevented from affecting the integrity
of the exposed terminals, Tt is noted that the present {nven-
tion contemplates the employment of the steps in any
suitable order.

Prelerably, the encapsulation material is introduced in a
liyuid for. and is subscquently hardencd by any suitable
means of curing the ecncapsulation materials. In another
embodiment of the presentl inventioo, the euacapsulation
material cen be disposed in the encapsulation area as a
preform, either before or after the protective barriers asso-
clated with the cxposed terminals and before or after the
encapsulant barrier is placed adjacent to the semiconductor
chip assembly. The preform of the encapsulation material
can then be liquified by any suitable means so that the
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2
cacapsulation material flows throughowt the encapsulation
area or a desired part of the encapsulation area.

In the preferred embodiment, the encapsulant barrier is at
least a portion of a can which will form part of the cncap-
sulation. The can is preferably made of a material which is
high in thermal conductivity, such as aluminum. In another
embodiment, however, the encapsulant barrier can be a ring
which will remain as part of the encapsulation, but will not
provide a heat sinking base. In this justance, other suitable
heat sinking arrapgements. or none ar all. might be
employed. In yet another embodiment. the cancapsulant
barrier can merely be a mold which will be removed after
encapsulation.

It may also be desirable (o provide the encapsulunt barrier
with means for alfowing the encapsulation material 10 flow
out of the encapsulation arca and away from the exposed
terminals. This might be in the form of a lowered wall, a
Jowered wall section, or holes provided in the walls of the
can or other cucapsulant barricr,

The present invention also contemplates the positioning
of the semiconductor chip assembly within a can or other
encapsulant barrier by means of positloning or centering
means in the can.

Preferably, the protective barrier utilized in the present
invention is a solder mask which provides an amay of
terminal holes which correspond to the array of exposed
terminals on the top layer of the semiconductor chip assern-
bly. Preferably, the terminal holes are sized to tightly receive
the terminals or bumps so that the terminals are surrounded
by the dielectric material of which solder mask is made.
However, larger ferminal holes can be provided, or, in the
alternative, a large opening can be provided in the solder
mask so that the entire array of tarminals are exposed o such
large opening.

Preferably, the solder musk is vacuun Luninated to the top
layer of the semiconductor chip assembly. More preferably.
the solder mask iy vacuum laminated not only to the top
layer of the semiconductor chip assembly but also to the top
side of the eacapsulant barrier (the top side of the can, ring
or motd walls). This arrangement. in many inslances and at
least with respect to the use of certain cans or molds, will
fully enclose the encapsulation arca, although the cneapsu-
lation area need not be so defined for the purposes of the
present invention. In other words, the encapsulation area
only need be partially bounded by the chip assembly, solder
mask and encapsulant barrier. However, in the instance
where it is fully enclosed or fully bounded by these
components, it is desirable to provide a fill hole through
which the encapsulation material can be injected into the
encapsulation area. and in some instances, it may be pref-
erable to utilize or provide a vent hole to prevent air from
becoming eowapped in the cocapsulation arca.

In many instances. the encapsulation area is defined such
thut invession of the cacapsulant barrier, protected barricr
and semiconductor assembly will facilitate the introduction
of the encapsulation raaterial.

In other embuodiments of the present invention, the pro-
tective bagrier can be a dam, a cap, a cover. or any other
means which protects the exposed terminals oo the top layer
of the semiconductor chip assembly. This could also include
a flexible covering member which. upon the application of
pressure, will deform into engagement with the top layer
around the exposed terminals o protect the same.

1t should be understood that the encapsulant barricr may
be provided in contact with the semiconductor chip or at a
distance from the semiconductor chip. although in most
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cases it would be prefecable to have it at a distance from the
scaniconducior chip. In the former ibstance. however, the
assembly to be encapsulated may be structured such that the
encapsulant barrier should be in contact with the semicon
ductor chip or lower section of the assembly to be encap-
sulated. In connection with another embodiment of the
present invention, the cncapsulant bartier can be spaced
from the lower surface of the assembly to be encapsulated.
"I'his can be accomplished by the use of a spacer or any other
suitable means.

In accordance with yet another embodiment of the present
invention. a semiconductor chip assembly or other compo-
nent can be cuvapsulaled by placing an encapsulant barrier
adjacent the semiconductor chip assembly, such that an
encapsulation urea is least partially defincd, and disposing a
preform of encapsulation material in or adjacent the encap-
sulation area. The preform is of a predetermined volume
which is equal to or less than the eocapsulation area, such
that when the preform is liquified as part of the method the
encapsulation material will not flow out of the encapsulation
area to possibly affect the integrity of the exposed terminals.
in this cmbodiment, a protective bamier is not required,
although it may be employed to ensure that the encapsula-
tion material does pot contact the exposed terminals or thal
any of the manipulation of the assembly while practicing
this method will not affect the integrity of the exposed
terminals,

The encapsulant can be provided as a preform which can
be liquified by heating, and hardened by cooling, cither
directly or permitting the material to cool vn its own. It is
also preferable that the preform be extruded or injection
molded to the predotermined volume. The preform can be in
the form of an clongated bead with a circular cross section,
or any other suitable form or shape,

Tn still another embodiment of the present invenlion. a
semiconductor chip assembly having a top layer with
cxposed terminals can be simultancously provided with
elastomeric layer and encapsulated. The matter in accor-
dance with the present invention includes placing an encap-
sulation barrier adjacent the sermiconductor chip assembly,
such that the encapsulation barrier at least partially defines
an cncapsulation area. introducing an encapsulation material
into the gap between the semiconductor chip and the top
layer of the semiconductor chip assembly, such that the
cacapsulation material is disposed between the wop layer and
the semiconductor chip. and introducing an cncapsulation
material into a portion of the encapsulution and providing a
protective barrier for protecting the terminals on the top
layer of the semiconductor chip assembly.

Preferably, the encapsulation material utilized to fill the
gap between the top layer and the semiconductor chip in the
same encapsulation material used to fill at least a portion of
the encapsulation area. In this instance, the step of intro-
ducing the cncapsulating material into at Jeast a portion of
the encapsulation area may be a continuation of introducing
the encapsulation into at least a portion of the gap. Also
preferable in this and other embodiments of the present
invention, the encapsulation material is an clastomer. Still
further, and in accordance with the last described method.
the preferential steps of inateriuls und components discussed
above in connection with other embodiments of the present
invention can also be employed in connection with this
method. This last described method of simultancously form-
ing a layer hetween the top layer and semiconductor chip
and encapsulating the semiconductor chip assembly prefer-
ably includes supporting the top layer above the semicon-
ductor chip. This supporting step may be particularly impor-
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taut where a protective barxier is to be provided to protect the
exposed lerminals on the top layer of the semiconductor chip
asscrobly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an clevatonal view, in partial section. illustrat-
ing a semiconductor chip assembly as it is being encapsu-
lated within 2 can in accordance with one embodiment of the
preseat invention.

FIG. 2 is an elevationa) view, in partinl section, of a
serniconductor chip assembly being encapsulated within a
ring in accordance with another embodiment of the present
invention,

FIG. 3 is an elevational view. in partia) section. iliustrat-
ing a semiconductor chip assembly being encapsulated in an
iuveited posidon within @ ring In accordance with another
embodiment of the present invention,

FIG. 4 is a top plan view of a solder mask which can be
used in accordance with different embodiments of the
present invention.

FIG. 5 is an clevational view. in partial section, iHlustrat-
ing the cocapsulation of the scricosductor chip asscmbly
within a can in accordance with another embodiment of the
present invention,

FIG. 6 is a top plan view of a semiconductor chip
asscmbly positioned within a can having a centering stiue-
ture.

FIG. 7 is an clevational view, in pastial scedon, illustrat-
ing the encapsulation of a semiconductor chip assembly in
an inverted position within a can in accordance with soother
embodiment of the present invention.

FIG. 8 is an clevational view of a semicondactor chip
assembly being prepared for encapsulation within a can.
illustrating in particular the use of a terminal cap or cover in
accordance with another embodiment of the present inven-
tion.

FIG. 9 is an elevational view. in partial scction, illustrat-
ing the simultancous formation of an elastomeric pad and
the encapsulation of 4 semiconductor chip assermbly in
accordance with another embodiment of the present inven-
tion.

FIG. 10A is an elevational view: in scetion, illustrating a
ring, solder mask and preform amanged to facilitate the
cncapsulation of a semiconductor chip assembly in accor-
dance with another cmbodiment of the present invention.

FIG. 10B is an elevational view. in partial cross section.
of the ring, solder mask and preform in FIG. 10A. as
arranged in association with a semiconductor chip assembly
in preparation for cncapsulation.

FIG. 10C is an elevational view. in partial section. illus-
uatiog the liquification of the preform shown in FIG. 10B to
encapsulate the semiconductor chip assembly within the
ring.

FIG. 11 is a partial clevational view. in partial section. of
a preform of predetermined volume associated with a ring as
it is being arranged in association with a semiconductor chip
asscrbly for the encapsulation of such sciconductor chip
asscmbly in accordance with another embodiment of the
present invention,

FIG. 12 is an clevational view, in partial section, of a
semiconductor chip assembly as it is being prepared for
encapsulation within a ring. illustrating in particular the use
of a spacer in accordance with another embodiment of the
present invention.
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FIG. 13 is an clevational view, in partial section. of a
semiconductor chip as it is being prepared for encapsulation
within a can, illustrating in particular the leads being
directed inwardly from the elastomeric pad to the contacts.

DETALED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1, a semiconductor chip assembly,
generally designated as 10, includes a semiconductor chip
12 and a chip carrier 14. The chip carrier 14 is made up of
a top layer 16 (preferably a polyimide layer or the like) and
an elastomeric pad 20 disposed hetween the top layer 16 and
the semiconductor chip 12. The semiconductor chip 12 and
the chip carrier 14 are electrically connected via a plurality
of leads 22 which are connected to the chip 12 via contacts
24. The leads 22 are clectrically connected to terminals 26
which protrude as “bumps” from the top surface 18 of the
chip carrier 14. This assernbly may, for example, be in
accordance with commonly assigned U.S. Pat. Nos. 5,148,
206: 5.258.330 and 5.148.265. The arrangement of the leads
22 and the array ol terminals 26 can be seen more clearly in
the plan view of the semiconductor chip asserably of 10
shown in FiG. 6, although any witangement of leuds and
terminals might form part of & given semiconductor chip
asscmbly or other component (o which the prescent invention
is applicable. Tt is the terminals 26 which connect the
semiconductor chip assembly 10 1o a printed circuit board or
other substrate (not shown), and thus it is critical that the
integrity of the terminals 26 must be preserved throughout
testing and final assembly.

The semiconductor chip assembly 1@ is, in FIG. 1, posi-
tioned for encapsulation within a can 28. The can 28, in this
embodiment, will forra part of the encapsulation, and pref-
crably will serve as a heat siok for the semiconductor chip
assernbly 10. Thus, the can 28 is preferably made of a
material which is high in thermal conductivity, depending
upon the specific component and its application. Aluminum
is preferable in most instances. ‘The can has a surface 31
fastened to the rear or bottom face of chip 12 by thermally
conductive adheslve such as a silver-filled epoxy (nut
shown).

FIG. 1 shiows the use of a solder mask 30 which is in
contact with and preferably connected to the top side of the
walls of can 28 and the top surface 18 of the chip carrier 14,
While the solder mask 30 could merely have a large opening
through which the arruy of terminals 26 are exposed. the
solder mask 30 being connected to the perimeter of the top
surface of chip carrier 14. it is preferable to provide solder
mask 30 with an array of terminal holes corresponding to the
array of terminals 26 on the chip carrier 14, The array of
terminal holes 37 is shown clearly in FIG. 4. The terminal
holes 37 cun be registered with the terminals 26, and are
preferably of such a size that the solder mask 30 must be
pressed over the terminals 26, This provides a relatively

{ight fit of the terminals 26 in the terminal holes of the solder 5

mask 30. The solder mask can be attached to the top edge of
the walls of can 28 and the top surlsce 18 of the chip cyria
14 by a vacuum lamination method, using heat and pressure
1o seewre the solder mask 30 in placc. Any other suitable
method of attachment can be used. The solder mask 30 is
preferably made of a dielectric material, such as a film
selected from the group cousisting of rclease film, Y2 il
adhesive and % mil polyimide or stand-slone adhesive with
release film on each side which can be vacuum laminated.
Since its diclectric propertics will be advantageous when the
terminals 26 are employed during testing or final assembly.
A photosensitive polymer film may be employed to permit
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formation of holes 37 by photographic processor. The pre-
ferred material for the solder mask 30 is Dupont VACREL
8100. which exhibits the desirable photosensitive and
dielectric properties.

Once the semiconductor chip assembly 10 has been
positioned within the can 28, and the solder mask 30 has
been secared (o protect the terminals 26 from the cocapsu-
lation material. the encapsulation material caa be introduced
into the encapsulation arca. which, in most instances, about
the periphery of the semiconductor chip assembly 10, This
can be accomplished in a number of ways, including most
preferubly, the use of a aeedle 32 which is cunnccted to 8
source 34. Thus, the needle is inserted into 2 fill hole 36 in
the solder mask 30, there being a vent hole 38 as well, if
required. The encapsulation material 40 is cither injected
into the encapsulation area or may, in connection with
certain embodiments of the present invention, be coaveyed
or “pulled” from needle 32 by the capillary-like relationship
of the encapsulation matcrial 40 to the semiconductor chip
asscrnbly 10, causing the wetting of the surfaces of the
semiconductor chip assembly 10. The latter method of
introduction depends, of course, upob the type of encapsu-
lation material 40 used.

The encapsulation material 40 can be of any suitable
material, but preferably is a silicone resin. and in the
preferred embadiment of the present invention it is a curable
silicone-based encapsulant such as DC577, which is manu-
factured by Dow Corning Corporation of Midiand. Mich.
The encapsulation material 4U can be curcd or partially
cured in any suitable fashion, such as exposure to radiant
energy. thermal energy or ulmaviclet Hght, Several ways in
which to cure materials are disclosed in the *882 application.

10, 2 illustrates a semiconductor chip assembly 10 as
positioned within a ring 42, which is essentially a wall
disposed ubout the petiphety of the semiconductor chip
asscmbly 10. In this case, a separate type of heat sink might
be applied to the bottem surface of the ¢hip 12 (as opposed
to the bottom of the can 28 as shown in FIG. 1). Thus. there
is an opening between the ring 42 and the chip 12 in the
arrangement shown in FIG. 2. This opening might be closed
for purposes of creapsulation by & mold, support surface or
other substrate, In the alternative, the encapsulation material
40 might be chosen to operate on the basis of capillary
action, thus wetting the surfaces and limiting and terminat-
ing Dow based on surface tension (as itustrated in FIG. 10C
with respect to a different embodiment of the present
invention). This would prevent the encapsulation material
from fowing out of the cacapsulation area.

Yet another alternative would be to invert the structure
shown in FI1G. 2, but without a fill or vent hole in the solder
mask 30, as shown in FIG. 3. Thus. the opening between the
ring 42 and the chip 12 will be used in ordur o fill e
encapsulstion area with the needle 32 or any other suitable
1cals,

FIG. 5 illustrates yet another embodiment by which the
teradnals, 26 on the chip cacricr 14 can be protected from the
encapsulation material 40, In this embodimen!. a peripheral
dam 44, which essentially consists of a wall disposed about
the periphery of the top surface of chip carrier 14, This wall
might be temporarily fixed to the top surface of the chip
carrier 14, or, more preferably, will be a metal or plastic dam
which is maintaincd in place on top of the chip carrier 14 by
its own weight. The dam 44 will prevent the flow of the
encapsulation materia) towards the terminals 26 on the chip
carrier 14. Once the encapsulation area has been filled, the
dam 44 can be removed. The dam 44 might also be in the
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form of a cap or cover which can be placed on the chip.
carrier 14, and subsequently removed.

The embodiment shown in FIG. 8 is similar to the use of
a dam 44 or a cover. It provides a shicld 46 which includes
an array of dimples 48 which matches the array of terminals
26. The shield 46 can be made of any suitable material. ‘The
concept of a shicld can also be applied by utilizing a rubber
shield which need not provide dimples 48, but rather will
rely upon the deformability of the rubber material to sur-
round and protect the terminals 26. Of course, in using such
a rubber shield. some pressure must be applied in order (o
cause the rubber material to surround the terminals 26,
particuliuly the terminals 26 around the petiphery the chip
carrier 14.

FIG. 7 shows yet another embodiment of a semiconductor
chip assembly 10 within a can 28 and employing a solder
mask 30. In this embodiucat, the ncedle 32 is insered into
a fill hole 29 in the can 28 while the entire assembly is in the
inverted position. Again, as in the embodiment shown in
FIG. 1, a vent hole might be necessary in the can 28 so that
air does not become trapped in (he encapsilation area.

FIG. 9 is yet another embodiraent of the present invention
by which an elastorneric layer is formed between the top
layer 16 of the chip carrier 14 and the chip 12 simulta-
neously with the encapsulation of the semiconductor chip
assernbly 10, The chip camier top layer 16 is initially
connected to the chip by bonding leads 22 to the contacts of
the chip. so that the top layer is supported about the chip
surface by the leads. Such a procedure is disclosed for

example in U.S. application Ser. No. 08/123.882 Iled on 3

Sep. 20. 1993 by Sweis et al. (“the "882 application), now
U.S. Pat, Nu. 5,477,611, The '882 upplication discloses a
method of interfacing a chip carrier and 2 semiconductor
chip. os well as providing an clastomeric layer. ‘The disclo-
sure of the '882 application is incorporated herein by
reference. although it should be recognized that the present
invention is applicable in conncction with methods and
serniconductor chip assemblies of any type and in addition
10 those disclosed in the '882 application. Initially. as in the
other embodiments. the solder mask 30 is attached to the top
side of the can 28 and the top surface 18 of the chip carrier
14. 1t Is preferable, particularly when the solder mask 30 is
to be vacuum Jaminated 1o the top surface of the chip carvier
14, that the chip carrier 14 be supported above the chip 12
by outer stryctures [n addidon 1o leads 22 so that the
integrity of the leads 22 and the connection of such leads to
the chip 12 and the chip carrier 14 are got affected during
lamination of the solder mask 30. Supports 46, in the form
of posts, are shown in FIG. ¥ between chip carrier 14 and
chip 12. These posts are disposed on chip 12 before assem-
bly of layer 16. The solder mask 30 is laminated to the top
side of the can walls and the top surface 18 of the chip carrier
14. As in other embodiments, the solder mask 30 might
include a vent hole 38 to prevent air from becoming within
the encapsulation area or within the elastomeric layer arca.
Ancedle 32 is then inserted through aligned apertures in the
chip carrier 14 and the solder mask 30. and the encapsulation
material 40 s cither injecied into the gap between layer 16
and chip 12, As discussed in detai) in the '882 application,
the clastomeric materiul cun couvey itsell through the gap
area by capillary action.

FIGS. 10A-10C illustrate the steps taken in accordance
with yet another embodiment of the present invention.
Generally. this embodiment relates o the use of a preform
48 of the encapsulation material In other words. the encap-
sulation material 40 can be arranped in or adjacent the
cncapsulation area in a non-liquid state. so that the encap-
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sulation material 40 can fow into or throughout the encap-
sulation area upon application of heat or any other cxpedient
appropriate for 2 given encapsulation material. This concept
can be crmployed in connection wish any other embodinent
of the present invention, and is not limited to the specific
steps shown in FIGS. 10A-10C.

In FIG. 10A and 108, the preform 48 is provided around
the inside of a can 42 which is to surround 4 chip assembly
10. The can 42 has an inverted L-shaped profile in this
embodiment. but can take on any appropriate shape. A solder
mask 30 is provided, and includes terminal holes 37 for
registration with the terminals 26 of a chip assembly 10. The
solder mask 30 is secured to the top slde of the can 42. by
vacuum lamination or any other method of attachment,
either before or after association with the chip assembly 10,
The structure in FIG. 10A is then maried with a semicon-
ductor chip assembly 10, the terminals 26 being pressed
through the terminal holes 37. As shown in FIG. 10B, the
preform 48 might be deformed somewhat by the peripheral
portions of the chip assembly 10,

In FIG. 10C, the melting of the preform 48. and the
flowing of the cncapsulation material 40 is illustrated. As
shown in FIG. 10C, a meniscus 50 is formed in the opening
between the can 42 and the assembly 10, thus preventing the
encapsulation material 4¢ from fowing out of the encapsu-
lution area, It is noted that the encapsulation material 40
must be, in the illustrated cmbodiment, one which works by
capillary action and exhibits sufficient surface tension fo
form the meniscus and prevent the further flow of the
cocapsulation material 40, On the other hand, the structure
showa in FIG. 10B can be inverted and the preform can be
subjected to heal. thus mefting the preform 48, whereupon
the encapsulation matcrial 40 will fill the encapsulation arca
hy gravity.

‘I'he melting of the preform 48 when the structure is in the
inverted position lends itself to the use of a preform 48 of a
specific volume that will fill the encapsulation area, but will
not overflow out of the encapsulation area, Such a preform
48 is shown in I'IG. 11 disposed in counection with a can 42
having an L-shaped profile. Unlike FIGS. 10A-110C. the
structure in FIG. 11 docs not show the use of a solder mask
or other physical barrier (o protect the terminals 26, Rather,
the preform 48 is of such a volume that it will fill oaly the
encapsulation arca. Of course, both measures of protecting
the terminals 26 can be ciuployed (fe., a physical barrier and
a preform of predetermined volume). Thus, the encapsula-
tion arca must be calculuted, and an appropriatcly sizcd
preform must be provided. The preform can be a bead of
encapsulation material formed by extrusion or injection
molding or any other means. It must. however., be relatively
uniform in size so thal an appropriate amount of encapsu-
lation material flows in every area about the periphery of the
chip assembly 10, yet docs not overfill the encapsulation
arca at any point.

The heating of the preform in any of the previously
discussed embodiments can be accornplished heating the
lower surface of the chip 12 in a vacuum oven. In order to
control the flow of the encapsulation material and prevent
damage (o the chip carrier 14, the top of the assembly might
be cooled to teduce radiant heat,

In FIG. 12. a scmiconductor chip assembly 10 is shown on
a support surface 54. and swrounded by a ring 42. As the
ring is not high enough to be flush with the top surface of the
chip carrier 14. a spacer 82 is provided about the periphery
of the chip assembly 10 and under the ring 42.

A further embodimuent is shown in FIG, 13. revealing that
the present invention contemplates arrangements which dif-




w

5,603,106

9

fer from the arrangement set forth above. Specifically, in
F1G. 13, the semiconductor chip 12 is surrounded by a chip
carrier 14. which is preferably formed by a top layer 16 and
an clastomeric pad 20, In this case, the chip casier 14
surounds the semiconductor chip 12, and the leads 22 from
the chip carrier 14 are directed inwardly and are connected
to the semiconductor chip 12 via contacts 24, As with
previous cmbodiments, this assembly can be encapsulated as
shown in any of the previous embodiments. In FIG. 13. this
assembly is positoned with a can 28 for encapsulation.
Although any of the previoussty-described methods might be
suitable for encapsulating the assembly in FIG. 13, the use
of the solder mask 30 over the terminals or bumps 26 is
illustrated. The solder mask 30 includes a fill hole 36 for
purposes of inserting the cncapsulation material, as well as
a vent, hole 38.

‘T'he present invention can be applied in encapsulating any
structure, whether the leads fan in, fan out or both, Any of
the structure and arangemcats lustrated and described in
commonly assigned U.S. Pat, No. 5,148,265, the disclosure
incorporaled herein by reference, can be encapsulated in
accordance with the present invention,

While the foregoing description and figures illustrate
some preferred embodiments of the method in sccordance
with the present invention, it should be appreciated that
certain, modifications may be made and are encouraged 1o
be made in the steps, structure, arrangement and materlals of
the disclosed embodiments. pasticularly as raay be appli-
cable from the disclosure incorporated herein by reference,
without departing from the spirit and scope of the present
invention which is defined by the claims which are set forth
immedistely hereafter.

We claim:

1. A method of encapsulating a semiconductor chip
assembly having a top layer with an array of exposed
wrminals thereon, the terminals being clectrically connected
to the chip, said method comprising the steps of:

placing an encapsulant barvier adjacent the semiconductor

chip assembly, said encapsulant barrier at least partially
defining an encapsulation area;

providing a protective barrier in contact with said top

Jayer for protecting the terminals on the top layer from
an cncapsulaton material; and

introducing an encapsulation material into at least a

portion of the encapsulation arca o that the encapsu-
lation material flows to fill the encapsulation arca and
then cures (o a substantinlly solid conditon, the pro-
tective barrier preventing the encapsulation material
from contacting the terminals on the top layer.

2. The method in claim 1. wherein said encapsulation
material is a curable material which is in Liquid form when
intraduced into said encapsulation area.

3. The method in claim 2. further comprisiag the step of
curing said curable material after said curable material has
been introduced into said encapsulation area.

4. The method in claim 3, wherein the curing step includes
heating said curable material.

S, The method in claim 3. wherein the step of curing
includes mixing a plurality of mutvally reactive material to
torm said curable materials during or before said curable
material is introduced into said encapsulation area, whereby
said curable material is at least pardally curcd by reacton of
said mutually reactive materials.

6. The method in claim 3, wherein said curable material
is a curable elastomer.

7. The method in claim 1, wherein said introducing siep
includes step of introducing a preform into said encapsula-
tion srea.
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R The method in claim 7, wherein said intrclucing step
includes heating said preform so that it liquefies and said
encapsulation material flows substantally throughout the
encapsulation arca.

9. The method in claim 1, wherein said placing step
includes placing said encapsulant barrier a spaced distsnce
from the periphery of said semiconductor chip.

10. The method in claim 1, wherein said encapsulant
barricr in said placing step is at least a portion of a mold, and
turther comprising the step of removing the mold after the
encapsulation material is at least partially cured.

11. The method in claim 1. wherein sald encapsulant
barrier in said placing step is at least a portion of a can which
furins pat of a puckage for hie clip assembly, said can being
secured 10 said chip subassembly.

12, The method in claim 11, wherein sald can includes a
bottom in conmtact with the semiconductor chip and a wall
extending upwardly from said bottom about the periphery of
said semiconductor chip.

13. The methad in claim 12, wherein said can. is made
from alumioum or an alomigum alloy.

14. The method in claim 12, further comprising the step
of positioning said semiconductor chip assembly within said
can via positioning means in said can,

15. 'The method in claim 14, wherein said step of posi-
tioning includes ceutering said semiconductor chip assem-
bly via said positioning means.

16. The method in claim 1, wherein said cacapsulant
barrier in sald placing step is at least a pordon of a ring
which forms part of a package for the chip, said ring having
a wall cxtending upwardly alongside said scmiconductor
chip assembly.

17, The method in claim 1, wherein the introducing step
is done before the placing step and includes associating a
preform of an encapsulation material with the protecting
barrier,

18. The method in claim 17, wherein the providing step is
done before the placing step.

19. The method in claim 18, wherein said encapsulant
barrier is a ring.

20, The method in claim 1, wherein said top layer includes
atop surtace on which the array of terminals s disposed, and
said barrier fncludes a dam extending upwardly from said
top surface,

21. The method in claim 20, wherein said providing step
includes attaching said dawa to suid top swface.

22. The method in claim 1, wherein said top layer includes
o top surface on which the array of terminals are disposed.
said protective barrier inclucles a sheet like mask. and said
providing step includes attaching said mask to said top
surface of said top layer and to said encapsulant barrier such
that said mask extends over said encapsulation area.

23. The method as claimed in claim 22, wherein said
encapsulant barrier includes a top edge substantially encir-
cling said subassembly and said mask extends from said top
surface of said top layer to said top edge of said encapsulant
barrier.

24. The method in claim 22. wherein said sheet like mask
includes at teast one opening o which the array of terminals
are exposed.

25, The method in claim 22, whercin sald sheet like mask
focludes an array of terminal openings corresponding to said
array of tcrminals on sald top layer, and wherein said
providing step includes aligning said array of terminal
openings with said array of terminals prior to attaching said
mask 10 said top surface so that said terminals are exposed
above said mask.
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26. 'The method in claim 28, wherein each of said array of
terminal holes is sized such that said terminals fit closely in
said terminal holes.

27. The method in clalm 26, wherein sald mask is a
dielectric.

28. Thz method in claim 27, wherein said mask is an
epoxy acrylic.

29. The methed in claim 22, wherein the providing step
includes vacuum Jamination of said mask to said top surface
of said top layer and said encapsulant harriers,

30. The method in claim 29, wherein said mask includes
a fill hole communicating with said encapsulation area. and
wherein said introducing step includes introduction of said
encapsulant material via said fill hole.

31. The method in claim 30. wherein said mask includes
a vent hole communicating with said encapsulation area so
that air does not become trapped in said encapsulation arca
during said introducing step.

32. The method in claim 22, wherein said encapsulant
barrier includes 8 fill hole, and said introducing step includes
introduction of said encapsulation material via said fill hole,

33. The method in claim 1, wherein said top layer is a
spaced distance above said semiconductor chip, and further
comprising the step of supporting said top layer above said
semiconductor at least during said providing step.

34. The method in claim 33. wherein said step of sup-
porting said top layer includes providing a compliant layer
between said top layer and said chip.

35. The method in claim 1, wherein said protective barrier
is a cap which engages by said top fayer and covers said
terminals.

36. The method in claim 35, wherein said cap is metal.

37. The method in claim 35, wherein said cap is plastic.

38, The method in claim 35, wherein said cap is flexible
and is forced against said top layer to prevent encapsulation
matcrial from contacting said terminals,

39. The method in claim 1, wherein said encapsulant
barrier is a ring having a top side, and further comprising the
step of supporting said semiconductor chip assembly on a
support surface and spacing said ring from saicd suppon
surface such that the top side of said ring is at approximately
the same height as the top surface of said top layer.
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40. The method in claim 39, wherein said spacing step
includes the positioning of 1 spacer on said support surface
adjacent said semiconductor chip assembly.

41. A method of encapsulating a semiconductor chip
assernbly having a top layer with an aray of exposed
terminals electrically connected to the chip, said method
comprising the steps of:

placing an encapsulant barrier adjacent the semicorductor

chip assembly. said encapsulant barrier at least partially
defining an encapsulation area;

disposing 2 preform made of an encapsulation material in

said encapsulation area, said preform normaily being in
a substantially solid state and beiug wellable to a
temporary liquid state, said preform being of a prede-
termined volume which is equal to or less than the
volume of said encapsulation area; and

liquifying said preform so that said encapsulation material

flows substantially throughout said encapsulation area.
but docs not flow out of said encapsulation area. at least
in the arca of the exposed terminals.

42. The method in claim 41, wherein said encapsulation
nulerinl iy curable, and further coroprising the siep of
hardening said encapsulation material after said encapsula-
tion material has flowed substantially throughout said encap
sulation arca.

43. The method in claim 42, wherein the liquifying step
includes heating said preform, and said hardening step
includes cooling said encapsulation material or allowing
said encapsulation material to cool 10 the ambient tempera-
ture.

44. The method in claim 41, whereln sald preform s an
extruded or injection molded bead of said encapsulation
material.

45. The method in claim 41, whereln said placing step
includes placing said encapsulant barrier a space distaoce
from the periphery of said semiconductor chip.

46, The method in claim 41, wherein said cocapsulant
barrier is at least a portion of a can which forms part of a
package for the chip.

47, 'The method ip claim 41, wherein said cocapsulant
barricr is at least a portion of a ring which forms part of 8
package for the chip.
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