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". This Sheet Has Been R laced
Technical Field of Invention ”“II II““ Ill

These inventions relate to the field of heat spreaders and heat sinks for
5 electronic components and the process of attaching such heat spreaders
and heat sinks to such components.

Background of the Field

This section is included for the purpose of incorporating citations by
reference and is not intended to and does not make any admissions
10 regarding prior art.

Flip-chips have been thermally connected to heat spreaders using thermal
grease as described in U.S. Patent 4,000,509 to Jarvela. Typically a heat
spreader such as a cap, heat spreader plate, finned heat spreader, or
liguid cooled cold plate is mechanically connected to a chip carrier module
15 or a circuit board so as to leave a thin gap between a flip-chip attached to
the module or board and one surface of the heat spreader. This gap is
filled with the thermal g'reasé such as a silicone grease which may be filled
with a highly thermally conductive material such as silver or ceramic
material such as alumina to provide a high quality thermally conductive -
20 path between the chip and heat spreader;

Epoxies have been used to attach semiconductor chips to certain
‘substrates. In U.S. patent 5,159,535 to Desai, epoxy is used to connect
the back of a semiconductor computer chip to a cdpper clad Invar (Cu-
Invar-Cu) interposer which has a coefficient of thermal expansion (CTE)
25 between that of a semiconductor and a glass fiber epoxy circuit board to
which the .interposer is'attached by soldering. Alternatively, in Desali, if-
the circuit board is made of a material (e.g. INVAR) with a CTE that
closely matches that of a semiconductor chip, the chip may be directly -
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5 no more than two parts per million per degree Centigrade (ppm/°C). The
CTEinpme°C of Si is 2.6, of SiC 2.6, of AIN 4.6, of Invar 2, of Cu-
Invar-Cu 3-8, of epoxy 50-80, of fiberglass~epoxy 11-18, and of epoxy
filled with fused quarts 5-7. Removal of Heat From Direct Chip Attach
Circuitry by G.Schrottke and D.J. Willson in IBM Technical Disclosure
10 Bulletin Volumn 32 Number 4A September, 1989, discloses using adhesive to
bond silicon chips to a Cu-Invar;-Cu heat spreader. U.S. patent 5,168,430
to Nitsch in FIG. 2 shows a hybrid circuit structure 3 cemented to a heat
spreader 4. European Patent Application 93104433.3 to Bennett discloses a
semiconductor die attached to a lead frame using conductive epoxy.

15 Epoxies have been used to encapsulate flip-chip connections as described
in U.S. Patent 4,604,644 to Beckham and U.S. patents 4,999,699 and
5,089,440 to Christie, in order to reduce stresses in the C4 (controlled -
collapse chip connection) joints. C4 joints are described in U.S. patent
3,458,925. Epoxies for such purposes are well known as described in U.S.

20 patenLt 4,701,482 to Itoh. Such epoxies typically have a glass transition
temperature (Tg) of about 140 - 150° C, and a modulus of around 1,000,000
psi or more. Epoxies have been used for transfer molding and injection
molding to produce components such as QFPs (quad flat packs), DIPs
(dual-in-line packages) and other plastic packages. Ceramic chip carrier

25 packages such as ceramic quad flat packs are typically two ceramic parts
connected together with epoxy. ECA (electrically conductive adhesive)

chip attachments may be encapsulated with epoxy or more preferrably by a -
thermoplastic.

Heat spreaders such as Aluminum (Al) which may be coated by chromate

30 ‘conversion or anodized, or copper (Cu) which may be coated by nickle
(Ni), are bonded to plastic packages using epoxy. The CTE in ppm/°C of
Al is 23 and of Cu is 17. For higher temperature applications, ceramic chip
packages are used and silicone adhesives are used to bond a heat spreader
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These mvenﬁons are applicable to ceramic top modules such as CQFPs
(ceramic QFPs) and to flip-chip carrier modules such as: capless CQFPs;
TBGA (TAB ball grid array), TAB (tape automated bonding) modules as

10 described by Desai and in U.S. patent 4,681,654 to Clementi, and 5,203,075
to Flynn; CBGA (ceramic ball grid array) modules described by Behum,
and in Ser. No. 08/144,981 by Hoebner; DCAM (direct chip attach modules)
described in Ser. no 08/178,994 by White; and well known CPGA (ceramic
pin grid array) modules.

15 All the above citations are incorporated herein by reference to provide an
enabling disclosure and to support the claims to which the applicant is
entitled by law. ' '

Objectives of the Invention
It is an object of the invention to improve the thermal efficiency for
20 removmg heat from a fhp-cth to increase reliability and potentially

increase power d1ss1patlon to allow a higher device density.

Itis anothex_-' object of the invention to provide a new use for known
epoxies. ' '

It is another object of the invention to provide an improved electronic

25 package that can dissipate more heat from high thermal density computer
chips than previously possible.
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' Summary of the Invention
5 These objects are accomplished in the invention by bonding an aluminum or

copper heat spreader or heat spreader plate directly to the back side of a
semiconductor flip-chip or a ceramic QFP. The applicants have discovered
that a thin layer of a highly flexible-epoxy that has a glass transition
temperatures below room temperature can be used to bond the heat

10 spreader directly to the back of & flip-chip or ceramic cap and the bond will
remain strong even after thermal cycle testing of 0 to 100° C for 1500
cycles, =25 to 125° C for 400 cycles, and -40 to 140° C for 300 cycles; or
after continuous exposure to 130 degrees C for 1000 hours.

- Brief Description of the Drawings

15 FIG. 1 shows an aluminum heat spreader bonded by flexible-epoxy to a
CQFP to illustrate an embodiment of the invention.
FIG. 2 shows an aluminum heat spreader bonded by flexible-epoxy to &

semiconductor flip~chip on a capless CQFP to illustrate another embodiment
of the invention.

20 FIG. 3 shows an aluminum heat spreader bonded by flexible-epoxy to a

semiconductor flip-chip on a CPGA to illustrate another embodiment of the
invention.

FIG. 4 shows another embodiment of the invention similar to FIG. 3 and in
which an aluminum heat spreader is bonded to a semiconductor flip~chip by
25 flexible-epoxy to a CBGA or PBGA.
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another embodment of the invention.

FIG. 7 shows the information handling system of the invention which is
enhanced by the thermal perfomance provided by bonding heat spreaders

to A/N cerami_c and/or silicon surfaces of high power density components
10 using flexible-epoxy.

Enabling Description of Preferred Embodiments

Typical epoxies have a Tg of about 140 - 150 degrees C, but flexible-
epoxies used in these inventions have a Tg below about 25°, preferably
below 10° C and more preferably below 0° C. Also, typical epoxies have a

15 - Young's modulus of around 1,000,000 psi, but flexible-epoxies used in
these inventions have a Young's modulus below about 100,000 psi,
preferably below 50,000 psi, and even more preferably below 20,000 psi. A
two part flexible-epoxy named EG 7655, is available from Al Technologies
Inc. 9 Princess Rd. Lawrencevill, N.J. 08648 and has a Tg of about -25° C

20  and a Young's modulus less than about 20,000 psi. A one part flexible-
epoi:y named ABLEBOND ®P1 - 8971 is distributed by Ablestick
Laboratories 20021 Susana Road Rancho Dominguez, CA 90221. and has a
Tg of about 5° C and a Young's modules of less than about 50,000 psi.

In FIG. 1, the CQFP module is producéd from two preformed, fired halves
25 100, 102 of ceramic (preferably Al-N). Semiconductor chip .106 (preferably
silicon) is bonded to top half 100 of the flat pack using for example a
typical die attach epoxy 108, and the chip is wire bonded 112 to the lead
frame. Then top half 100 is bonded to bottom half 102 using for example a
typical epoxy 110, 114. Cavity 116 is typically empty but may contain an
30 . electrically non-conductive, thermally conductive thermal substance (e.g.
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:Le?O é,r j?ﬁr te ﬁn_ﬁ:_&iﬂ&t#oﬁal%gﬁl??eigb&érhﬁg 15 |¢h‘rdi&‘t€ cBnPertion ) isafa&hbhém 30 the
1, 000; 000 p§1€ o e mﬁbco%f"g‘éleh‘é‘i}@ 7 BH leRE b Flek aies oo, § 388 ng and
i njection molding to pr oduce conponents such as QFPs (quad fl at packs)
DI Ps (dual - iff3d [RG: SHPAKADESanIs Y ggﬁ(ﬁbam eaéﬁ%sbne%rfm&
carrier packages_such as ceram c. s are tﬁy‘ al vvo ceram c
parts 3 spreader is about 23.6 ppm/°C, which results ina CT erence of 19
ppm/°C. The ceramic top is a relatively smooth surface and any de-
lamination or crécking of the epoxy between the package and heat spreader
causes a critical reduction in heat transfer from the chip. When this
structure is subjected to thermal cycling common epoxies quickly fail (de-
10 laminate). Silicone based adhesives have Tg's below 25°C and Young's
Moduli below 20,000 pse. However, mechanically, the bonds are about one
thrid to one half the strength of a flixible epoxy. Also, constituents of
silicon adhesives have a tendency to migrate out contaminating surfaces
with a thin coating. The applicants have discovered that flexible~-epoxies
15 {(e.g. ABLEBOND Pi - 8971 and EG 7655) meet the thermal cycling
requirements of this test.

,EpOXLes have been used t{’jencapsul ate fli p chip conn’e)tlons Tahﬁ

Alternately, cap 102 may be replaced by epoxy encapsulant (gob top) to
protect the wire bond chip. The epoxy may just cover the chip and wire
bonds or it may extend to the circuit board on which the module is

20 mounted. Also, an organic material such as fiberglass-epoxy or a laminate

of copper and polyimide foils may be substituted for the ceramic of the top
half 100.

FIG. 2 shows another CQFP 148 which does not have a top half. The front
side (bottom) of a semiconductor flip-chip die 150 is attached to a single
25 layer rectangular ceramic ch.lp carrier 152 by per1meter row or a grid array -
of C4 joints 154 that extend from conductive contacts on the chip to
conductive contacts on the carrier. _Alternativiy, the chip bumps could be
attached to the contacts on the carrier by eutectic solder bumps deposited
by plating, solder inject,' or transfer from a decal. Leads such as gullwing
30 leads 156 are soldered 158 to copper pads along edges (typically all four
edges for QFPs) for surface mount connection to substrate 156. Alternately
the bottom end of the leads may bend under the module in a J or even

EN9-94-051 6
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conformal coating). Heat spreader 164 is attached to the back 51de of chip
5 150 using an flexible-epoxy 166. Improved mechaniceal strenth may be

obtained for heat spreader that have a footprint much larger than the chip,
by bonding the heat spreader to the conformal coating at 168 with the
flexible-epoxy or a typical epoxy.

The CTE of Si is about 2.6 ppm/°C and the CTE of the Al of the heat

10 spreader is about 23.6 ppm/°C which results in a CTE difference of 21
ppm/°C. The back of the chip is very smooth resulting in a weak
mechanical bond and any ‘de-lamination or cracking of the epoxy between
the chip and heat spreader causes a critical reduction in heat transfer from
the chip. When this structure is subjected to thermal cycling common '

15 epoxies quickly fail (de-laminate). Silicone based adhesives have Tg's
below 25°C and Youhg's Module below 20,000 psi. However, mechanioaﬂy,
the bonds are ebout one third to one half the strength of a flexible epoxy.
Also, constituents of silicone adhesives have a tendency to migrate out
contaminating surfaces with a thin coating. The applicants have discovered

20 that flexible-epoxies, (e. g. ABLEBOND pi - 8971 and EG 7655) meet the
thermal cycling requirements of this test.

Leads 156 of module 148 are attached to conductive pads 170 (preferably
copper) of substrate 156 (a fiberglass-epoxy circuit board or flexible
circuit board of laminated copper and polyimide films).

25 | | - .
FIG. 3 shows a CPGA (ceramic pin grid array module) 200. The front side -
(bottom) of a semiconductor flip-chip die 202 is attached to a rectangular
ceramic chip carrier 204 (single or multi-léyer as shown) by a perimeter
row or grid array of joints 206 (prefe_rably C4 or ECA). A matrix of pins

30 208 are wave soldered 210. to copper pads 212 on both end of PTHs (plated-
through-holes) extending 'through substrate 214 (e.g. fiberglass epoxy or
flexible laminate of copper-poljrimide films). Joints 206 are encapsulated
with epoxy 220 and a conformal coating of epoxy 222 may be deposited on

EN9-94-051 ' 7
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5 and may be one or multi-layer. Again, flexible-epoxy 244 is used to attach
heat sink 246 to flip-chip 248.

FIG. 5 shows TBGA module 250. The bottom of flip-chip 252 is attached to
copper pads 254 of a flexible chip carrier substrate 256 (a laminate
typically of one or more patterned copper layers and polyimide sheets ) by
10 joints 258 made by C4, thermal compression bonding, or laser welding or by
the SATT (solder attach tape teéhnology) . Solder balls 258 (preferably
90/10% Pb/Sn) are attached to copper pads 260 of the flexible tape 256 by
laser welding, thermal compression bonding, or by depositing eutectic
solder on the pads and reflowing with the balls in place. Rectangular metal
15 frame 262 such as Al or preferably Cu plated by nickle (Ni), is attached to
the flex substrate by adhesive 264 (preferably epoxy). Heat spreader 270
is attached to frame 262 by adhesive 272 (preferably epoxy) and is attached
to chip 252 by flexible-epoxy 274. The heat spreader may be Al treated by
Anodization or chromate conversion or preferrably is Cu coated with Ni.

20 Module 250 is attached to substrate 280 (such as fiberglass epoxy or a.
flexiblt_a laminate described above) by depositing solder paste (preferably
37/63% Pb/Sn) on coppér pads 282, placing the module on the substrate
with the solder balls on the paste, and heating the structure until the paste
becomes molten to form joints of solder 284. Alternately, balls 258 and

25 “solder 284 may be replaced by an ECA enoapsulated by a -thermoplastic or -
thermoset 286, and which is attached to pads 282 by heat and pressure.

The CTE of Si is about 2.6 ppm/°C and the CTE of the Cu of the heat
spreader is about 17 ppm/°C which results in a CTE difference of 14.4
ppm/°C. Again, the back of the chip is very smooth resultirig in a weak

30 mechanical bond and any de-lamination or cracking of the epoxy between
the chip and heat spreader causes a critical reduction in heat transfer from
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5 to prove the reliability of joints between these materials. The applicants
have discovered that flexible-epoxies (e.g. ABLEBOND 8971 and EG 7655)
reliably meet the thermal cycling requirements of this test.

FIG. 6 shows & DCAM module 300. Flip-chip 302 is attached to a multi-layer
fiberglass epoxy substrate 304. Eutectic solder 306 is deposited (by HASL,

10 solder-on-chip, solder inject, by transfer from a stainless steel decal) to -
connect between high temperature solder bumps 308.on the bottom of the
chip and copper pads 310 on the top surface of the substrate. Copper pads
312 are positioned to conhect to copper pads on a interconnect structure
(organic circuit board as in FIGs. 2 and 5). Solder 314 may be prowded on

15 pads 312 for reflow soldered attachment. Heat spreader 320 is attached to

' the back side of chip 302 using an flexible~epoxy 322. Improved mechanical
strenth can be obtained for heat spreaders which extend significantly past
the limits of the chip by encapsulating between the heat spreader at 324
and substrate 304 using flexible-epoxy or another well known epoxy.

20 FIG. 7 shows a computer network embodiment of the information handling
system 350 of the invention. Computer systems 352 and 354 are networked
together by optic or electrical signal cable 356. Systems 352 and 354 have
CPU (central processor unit) modules 358, 360 and memory modules 362 and
364 respectively. The modules use flexible~-epoxy 366 - 372 to attach heat

25 sinks to the modules to allow operation at higher power so that the
performance of the entire information handling system is enhanced. The -
modules in each system are attached to one or more electrical interconnect
structures 374, 376. The interconnect structures are connected to power
supplies 378, 380 such as batteries, transformers, or power cords, and may

30 be connected to other computer d.evi'ces 382 such as disk drives, other
interconnect structures. One or more optic or electrical cables 384 or cable
connectors is attached to the interconnect structures to provide for data

EN9-94-051 | 9
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Althbugh not shown, these inventions include multi-chip modules having
- individual heat spreaders on one or multiple chips and/or common heat
5 spreaders each for a plurality of the chips on such a module or even -
common heat spreaders for multiple modules.

While the invention has been described with reference to preferred
~ embodiments of apparatus and methods it will be understood by those
skilled in the art that changes may be made without departing from the
10 spirit and scope of the invention which is only limited by the claims.
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flip-chip or ceranic cap and the bond WI|| remain strong even after thermal
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3 substrate;

4 deposiﬁng flexible-epoxy which is not fully cured, between a second
5 surface of the semiconductor chip and a heat spreader;

6 pressing the heat spreader and the chip together; and

T heating to cure the ﬂe:dble-eiaoxy.

1 2. The method of claim 1 in which the step of depositing flexible-epoxy

2 includes the step of depositing flexible-epoxy with a glass transition
3 temperature of less than 25° C and a Young's modulus of less than

4 100,000 psi at 25° C.

1 - 3. The method of claim 1 in which the step of depositing flexible-epoxy

2 includes the steb of depositing flexible-epoxy with a glass transition
3 . temperature of less than 10° C.

1 4. The method of claim 1 in which the step of depositing flexible-epoxy

2 includes the step of depositing an epoxy with a glass transition

3 temperature of less than 0° C.

5. The method of claim 1 in which the step of depositing flexible-epoxy -
includes the step of depositing flexible-epoxy with a Young's
modulus of less than 50,000 psiat 25° C.

6. The method of claim 1 in which the step of depositing flexible-epoxy

includes the step of depositing flexible-epoxy with a Young's
modules of less than 20,000 psi at 25° C.
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1 ‘8. The method of claim 1 in which the step of deposrl_:mg flex:ble-epoxy

2 includes the step of depositing flexible~epoxy with about the same

3 material properties or formulation as ABLEBOND as Pi - 8971.

1 9. A method for producing a chip carrier module, comprising:

2 electrically connecting a first surface of a semiconductor chip to a

-3 substrate;

4 depositing flexible-epoxy which is not fully cured, between a second

5 surface of the semiconductor chip and a metal heat spreader;

6 pressing the ﬁe_at spreader and the chip together; and

7 heating the module to cure the flexible-epoxy.

10. The method of :c'laim 6 further comprising the step of selecting the

base of the metal heat sink form a group consisting of: aluminum and
copper. ' ' '

1 © 11. A method for producing a chip carrier module, comprising:

mounting a sexmconductor chip in a fixed pos1t1on on a first side of a
first substrate;

depositing flexible-epoxy which is not fully cured between a heat
spreader and a surface on a second side of the first substrate;

6 pressing the heat spreader and the chip together; and

heating the module to cure the flexible-epoxy.

EN9-94-051 ' 12
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AL DTN

FI'G..4 shows another enf5ogdi ment of the invention simylar to FIG 3 and in
whi ch an al umi num heat spreader is bonded to a seni conductor”mmgulﬂm
fl exi bl e-epoxy to a CBGA or PBGA. This is the replacenent (ﬂ ]”"l

16/ 12/ 95 5 FIG sho opper_heat spreader plate bonded
fl exibl e-eddky t gﬁ?‘%BﬁGgﬁF’cﬁ%Fﬁbédbﬁh%ﬁPﬁbéubﬁﬂrP%%ﬁ @W@y package to
il lustrate anot her

1 13. The method of claim 9 in which the step of depositing ﬂemble-epoxy
2 - includes the step of deposmng flexible-epoxy with a glass transition
3 temperature of less than 25° C; and a Young's modulus of less than
4 100, 000 ps1 at 25° C. -
1 14. The method of claim 9 further comprising the steps of bonding the
2 _ semiconductor chip to a surface of the substrate on the first side of
3 the substrate.
1 15. The method of claim 9 further comprising the steps of::
2 .+ bonding the semiconductor chip to a second substrate;
3 bonding the first and second substrates together to enclose the chip
4 between the substrates.
1 16. A method for producing a flip.chi'p package, comprising:
2 positioxﬁng a semiconductor flip chip on a substrate surface with a
-3 grid array of electrical connectors exte.nding'from a first,
4 confronting surface of the chip to a matching grid array of
5 connectors on the substrate;
heating to mechanically and electrically interconnect the chip to the
substrate; '
depositing flexible-epoxy which is not fully cured, between a second
surface of the chip and a heat spreader;
10 : pressing the heat spreader and the chip together; and
11 heating the module to cure the flexible-epoxy.

EN9-94-051 . 13
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_ L ¥ =
enmbodi ment of the invengn.' FI G 6 shows an al umni r(IFb heat sp
by flexible-epoxy to a s conductor chip on a direct chip: at ﬁ“ﬂ%ﬂ,ﬁ m”",
organic carri er to illustrate another enbodinent of the invent1or

shows,the i Qn d: S em of the inve |on whi ch enhanced by
the ther mal F@hﬁr{%%tgﬁa‘{f@&?ﬁ B?ﬂﬁ”rfﬁ’@é‘ﬁmgg ?fﬁ%??ftsSle W8 ani ¢

and/ oB sili con swetaldeateinki gh power density conponents using

f1 exi bl e-epoxy. Enabling Description of Preferred Enbodi ments Typi cal

epoxi es have_ a Tg of about 140 - 150 degrees C, but flexible- epoxies used.

in thdse i n¥®nt i $he methed éﬁwﬂb@amwmymgthsrﬁﬁepﬁtﬁe;ecunga

2 . ceramic substrate.

19. The method of claim 11 in which the step of depositing flexible-epoxy
includes the step of depositing flexible~epoxy with a glass transition
temperature of less than 25° C and a Young's modulus of less than

100,000 psi at 25° C.

B W N

1 20. A method for pfodueing an interconnect structure, comprising:

electrically connecting a first surface of a semiconductor chip to a
first substrate;

4 " depositing flexible-epo.xy'Which is not fully cured, between a second
5 ' surface of the semiconductor chip and a heat spreader;

6 pressing' the heat spreader and the chip together;

7 elevating the temperature of the module to cure the flexible-epoxy;

positioning a second surface of the first substrate in parallel contact
with a surface of a second, larger substrate; and

10 connecting between means for electrical and mechanical connection of

11 the first substrate and confronting means for electrical and . -
12 mechanical connection of the second substrate to form an

13 interconnect structure.




e e e ____THIS SHEET HAS B

bel ow-10[err] and- nore p(-e) erabl y beI ow O[err]. Al so, typical E‘u
a Young's nmodul us of around 1,000,000 psi, but flexible- epomum“ ﬂﬂmﬁ"m“m
t hese inventions have a Young's nodul us bel ow about 100, 000 pst, ‘bré‘fer"ab .Y..-.

(Toxi 1 o opcty_ nareeftobtif B FRR Mo R il et T

Princess Rd. Lawiepldes|the step of glepositing a-engxarfwabcmg sdrapgitiomd a.
Young's nodul us 4@ ei'@ﬁﬁ-eéﬁfqéés 29319@9°ﬂ$'and°~a%dé’é moliifid BF fassoh@ny

_ named ABLEBOND [err ﬁ’ distributed by Ablestick-Laboratories
20021 “Susana Road g ez, CA 90221. and has a Tg of about 5[err]

and a Young's nodul es of Iess t han about 50,000 psi. In FIG 1, the CQFP
modul & i's pragduced oy PR pRb&hANEEEh iflerEshdt Lefucture, comprising-:

mountmg a sennconductor chipina fxxed position on a first side of a
first substrate; '

4 déposiﬁng flexible-epoxy which is not fully cured between a heat

5 _ spreader and a surface on a second side of the first substrate;
6 " pressing the heat spreader and the chip together;
7 _ | heating the module to cure the flexible-epoxy;

electrically interconnecting between metal contacts on the chip and
metal contacts on a second substrate.

23. The method of claim 16 further comprising the step of selecting a

2 ceramic material for the first substrate.
1 24. The method of claim 16 in which the step of depositing flexible-epoxy
2 includes the step of depositing flexible-epoxy with a glass transition
3 temperature of less than 25° C; and a Young's modulus of less than
4 100,000 psi.at 25° C.

1 95. A method for producing an information handling system, comprising:

electrically connecting a first surface of a semiconductor chip of a
central processing unit to a first substrate;

depositing flexible-epoxy which is not fully cured, between a second

5 surface of the semiconductor chip and a heat spreader;
EN9-94-051 15 —
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.100,. 102 of ceramc (pr('T)erany Al -N . Sem conduct chip 10
sili coh) is bonded to top half 100 of the flat pack"‘u5| ng fo | m m“‘m
typi cal die attach epoxy 108, and the chip is wire bonded 11

fra Then top I 0 onded .t o om.hal f 102 u3| ng for exarrple a

t ypi cal epoxy lﬂf% %lf Hﬁaéﬁqysll%qeg al’\%pﬁ&‘fa‘fq'l? ESMPT™Hut may contain an

el ectrically non-conductive, thermally conductive thermal substance (e.g.

This 45 the replachidng tﬁQQ@&p@fature of the niddufe to &id #hd Flexible-epoxy;

8 positioning a'secon'_d surface of the first substrate in parallel contact
9 - with a surface of a second, larger substrate;
10 connecting between means for electrical and mechanical connection of
11 the first substrate and confronting means for electrical and -
" 12 mechanical connection of the second substrate to form an
13 interconnect structure;
14 connecting the interconnect structure with power supply means, and
15 - input/output means to form an information handling system.
1 26. The method of claim 18 in which the step of depositing flexible-epoxy
2 ' includes the step of depositing flexible-epoxy with a glass transition
3 temperature of less than 25° C; and a Young's modulus of less than
4 100,000 psi at 25° C.
1 27. A chip carrier module, comprising:
2 a first substrate;
3 a semiconductor chip electrically connected to the first substrate;
4 a layer of flexible-epoxy on a first surface of the chip;
5 a heat spreader with one surface bonded to the first surface of the
6 chip by the flexible-epoxy;

means for mechanically holding the heat spreader and chip in a fixed
position relative to the first substrate; and

9 means for connecting the first substrate to another substrate.
EN9-94-051 - 16 |
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silicon grease). Then a@ heat spreader 118 (pref\er bly vd‘ai"e
anodi zation or nore pre efably by Chromate conver si IS a
top of the ceranic nodule using a thin layer of flexible-ep m‘mﬂ HI'HH“I
of Al-Nis about 4. 6 ppm[err], and the CTE of the A 'of the heatt

I's about 23.6 ppm[err]C, which results in a CTE difference of 19
ppm [err]. ZBhe dbhanioduﬂe)pf iclaim 20eimWhi&ﬂi§hesﬁBmmﬂe-$pbkgdmm@1&nsy de-

| am nation or g g n?#b%a V&?H b preader
causes a cr|t|c uct |eo I N F&ts erztsf ‘r?%%ﬁ he cﬁgg%%ﬁ ui%h"r’fe _
strucure is subp é”et‘ihﬂntg iW@rPﬁilatc% ng comon epoxies quickly fail (de-
l.ami nate). Silicone based adhesives have Tg's bel ow 250C and Young's Modul i

bel oY 20, 002%.ps The mvt\a%lﬁe ofz?mmch% &2 uéh %l;]eeﬂgo S-e%ro?:j Osug g nses'
2 transition temperature of less than 10° C.

1 30. The module of claim 20 in which the fle:uble-epoxy has a glass
' transition temperature of less than 0° C.

1 31. The module of claim 20 in which the flexible~epoxy has a Young's
modulus of less than 50,000 psi at 25° C. -

1 32. The module of claim 20 in which the flexible-epoxy has a Young's
modulus of less than 20,000 psi at 25° C.

1 33. The module of claim 20 in which the flexible-epoxy has about the
‘same material properties or formulation as EG 7655.

34. The module of claim 20 in which the flexible-epoxy has about the
2 same material properties or formulation as ABLEBOND Pi - 8971.

1 35.  The module of claim 20 in which the heat spreader includes an
aluminum base; -

1 36. The module of claim 28 in which the heat spreader has an anodize
2 coating.
1 37. The module of claim 28 in which the heat spreader has a chromate
2 conversion coating.

38. The module of claim 20 in which the heat spreade'r includes a base of
2 . copper.

EN9-94-051 17
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thrid-to one half the s@ngth of :a' f'|-l Xi bI e epoxy.y¢ A so, COI‘lStI.t uents of _
silicon adhesives have a tendency to mgrate out coht—am nati ng surfaces
with a thin coating. The applicants have di-scovered that flexible-epoxies
(e.g., ABLE 971 apd, EG 7655) et. the thernmal cycling
re«qu.’rerren%?I T’H?g“’tdé'iw glain Hdncyrhic mi\:%ﬁ? hept spreager Pef,@a’tlbaoqﬂn@poxy
encapsul ant (gob top) to protect the wire bond chip. The epoxy may just
coverythe cfjp a end to the ct+ewit—board on
whi chlt he n@dul e&f&s'?\'f%o ﬁgg%ﬁ, Ea'ﬁﬂ%“r%ﬁ%

ic material ~=such as . L
fibergl ass-epoxy or a lam nate of copper and polyimde foils may

Subst g1 uted 101 4 bec@u8Bbaed (he LOD half 100.” 1mmlmmmuummm

3 a semiconductor chip positioned on a first side of the first substrate;
4 " a layer of flexible~epoxy on a surface of the first substrate on a
5 second side of the first substrate; -
6 - a heat spreader with one surface bonded to the surface of the seéond
7 side of the first substrate;
8 means for mechanically holding the hea_Lt spreader, chip, and first
9 substrate in a fixed relative position; and
10 means for eleétricany conneéting the chip to another substrate.

41. The module of claim 33 in which the first substrate comprises a
ceramic material’.

42. The module of claim 33 in which means for mechanically holding the
heat spreader and chip in a fixed position relative to the first

substrate include., bonding the chip to the first side of the first
substrate. |

1 43. The module of claim 33 in which means for mechanically holding the

heat spreader and chip in a fixed position relative to the first
substrate include: |

4 bonding the chip to a first side of a second substrate;

5 bonding the first side of the second substrate to the first side of the
first substrate to enclose the chip between the substrates.

EN9-94-051 _ 18
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FI G . 2 shows anot her CqE/PW148 V\:hl ch does not have q/'qop half The front _
Side (bottom of a senmi ¢conductor flip-chip die 150 i.s" attached to a single
| ayer rectangul ar ceramic chip carrier 152 by perineter row or a grid array
of C4 joints 154 that extend from conductive contacts on the chip to

conduct i ve %ont At MAuIs ef elpim33in which, theflexible-epexy kas HE58 coul d be
attacghed to the tmnibhstdﬂibe&'&ﬁn‘é%ﬁleéé thin @8¢ €Chnd a%tﬁ?'s%ﬁ&iﬁug%(fos' ted

by pl.ating, sol e r. transf.er~froma decal. Leads such as gullwing
Ieads§156 are-s !r‘@%nié% @8 Qsdﬁﬁgﬁ p%'ds al ong edges (Ly-pJ—c,al—Ly—-aMA—fae@m_'

edges for QFPs) for surface nount connection to substrate 156. ternately .
the bpttomgnd %fﬁﬂ%ﬁ‘iﬂﬁkﬂg& Q&Hﬂrféﬂff‘r the nodule in HIMIH“IIHI“HII‘”““
. . * [ ] S
2 - afirst substrate with a grid array of metal contacts on a first

substrate surface and means for connection to a second substrate;

a semiconductor flip chip with a first chip surface paraliel to the first

4

5 substrate surface and having a grid array of metal contacts on the

6 first chip surface matching and confronting respective contacts of

7 the grid array of the first substrate ;

8 electrical conductors extending between respective contacts of the

9 first si_lbstrate and chip;

10 a layer of flexible-epoxy on a second surface of the chip; and
11 a heat spreader bonded to the chip by the flexible-epoxy.

1 46. The package of claim 38 in which the flexible-epoxy has a glass

2 transition temperature of less than 25° C and a Young's _modulus of

3 _ less than 100,000 psi at 25° C.

1 47. An interconnect structure, comprising:

2 a first substrate with metal contacts;

3 a semiconductor chip with metal contacts on a first surface;
conductors electrically conneéting between metal contacts of the first
substrate and contacts of the chip;

6 : a layer of flexible-epoxy on a second surface of the chip;

EN9-94-051 19 R —
B&i\ifﬁaced



- i ., . A
el g R

. : o This is the repl acene sheet

pointed strait down. The-~joints 154 .are encapsulated’with ep "I“I
preferably the | eads are encapsul ated with epoxy 162. Pr efera a

coatijig 164- is I ot ect ef, C |rc y (a

conf o'jrqmal coat i ng?géq-ééfesagﬁ Pnf(‘)sim% {’?’i%%?gé {tbefl {nﬁ‘éftcl? chip
150 W&ing an fleahlbl'rélﬂp@ﬂpﬁlﬂé-epm,oved mechani cal strenth may be

obt ai ned for heat spreader that have a footprint nuch larger than the chi p,
by bond| ng the heat Pr eader to the conformal coating at 168 with the

means for mechanically holding the heat spreader, chip, and first

10 substrate in a fixed relative position; and
11 a second sub_stfate electrically and mechanically connected to the .
12 first substrate.

1 48. The structure of claim 40 in which the flexible~epoxy has a glass

transition temperature of less than 25° C and a Young's modulus of

3 less than 100,000 psi at 25° C.

1 49. An information handling system, comprising:

p) a first substrate with metal contacts;

3 a semiconductor chip of a central processing unit with metal contects

4 on a first surface;

conductors elecfrically connecting between metal contacts of the first
6 substrate and contacts of the chip;

7 a layer of flexible-epoxy on a _eecond surface of the chip;

a heat spreader with one surface bonded to the first surface of the
chip by the flexible-epoxy; |

10 means for mechanically holding the heat spreader, chip, and first
11 ' substrate in a fixed relative position; and '
12 a second substrate electrically and mechanically connected to the
13 first substrate;

EN9-94-051 20
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f-l exi bl e- epoxy or a typlc epoxy. The CTE of S is a out 2. err]. an
the CTE of the Al of the heat spreader is about 23.6 ppnm[er !’Wj’jﬂ"‘w
results in a CTE difference of 21 ppnf[err]. The back of th '"l”"l
sSnoo resul tingy, n nation. or

crac&?ng of the e%@xgybet weeng{k%&lai]% 00% gt% {i &sngp?%gd%p{%aﬁ%%?aé critical
redud®i on i n heapredessii@eunitiom t he Chl p V\hen this structure is subjected
to thermal cycling commopn epoxies quickly fail (de-lam nate). Silicone

based adhesi ves have Tq's, bel ow 25[ e and _Youn ul e bel ow 20, 000
psi .qplowever nmeBAYRT E§PP§Y meaBs (69 §°J§fiet°atl§'&ﬁecgﬂé Glﬂ\ilgﬁsf"a’t?oa&ﬁe hal f the

strength of a flexible epoxy. Al so, constituents of silicone adhesives have
at erﬁency tom ﬂ{ﬁﬁt?oﬂﬁgut means connected to the second substrate.

1 - 50. The stmctﬁre of claim 40 in which the flexible-epoxy has a glass

transition temperature of less than 25° C and a Young s modulus of
3 less than 100,000 psi at 25° C.
EN9-94-051 21 —
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contam nating surfaces mh athin cdéti ng. The ap@cants have di scovere
that flexible-epoxies (erg. ABLEBOND pi - 8971 and 7655)‘1111131@;”;3;@%"1{

thermal cycling requirenents of this test. Leads 156 of nod cplaced
attached to conductive pads 170Q (pr opper) of subs HHH ,I
fibergl ass-epoxy circuit board or fléggggéctfrcuit board of I"

copper and polyimde filnms). FIG 3 shows a CPGA (ceramc pin grid array

modul ©) 200 pIREC AFTAHAENICDE AR SE AT LREHSE! BinkaproRoieis® 202 |

is attached to a rectangu cera

mul ti-layer as shown) by a S&IPMWG@&BL@I’ERPKYF ay of joints 206

(preferably 4 or ECA). A matrix of pins 208 are wave soI dered 210 to-

copper pads 212 aPtPnglgu%:ngr ggpggl_ﬁeétpsmk is attached to a ceramic cap or

exposed semiconductor chip using flexible-epoxy to provide improved
thermal performalhce. The aluminum may be coated by anodizing or
chromate conversion or the copper may be coated with nickel. Such
structures are especilly useful for CQFP, CBGA, CCGA, CPGA, TBGA,
PBGA, DCAM, MCM-L, single layer ceramic, and other chip carrier
packages as well as for flip chip attachment to flexible or rigid organic
circuit boards. These adhesive materials withstand thermal cycle tests of 0
to 100° C for 1,500 cycles, -25 to 125° C for 400 cycles, and ~40 to 140° C
for 300 cyéles; and withstand continuous exposure at 130° C for 1000 hours
without loss of strength. Flexible-epoxies have a modulus of elasticity
below 100,000 psi and a glass transition temperature below 25° C, are much
stronger than typical silicone adhesives, and do not contaminate the module

or circuit board with silicone. The flexible epoxy may contain a material |
having a low coefficient of thermal expansion (CTE) in order to provide a
CTE between that of the silicon die and the metal of the heat sink.

EN9-94-051 ' ' 22



40

t hrough--hol es) extendi ng through sEB‘s?tgr te 214 (e.qg. fiberglass—epoxy or
flexi ble | am nate of coppeT-MoI ﬁ%&@” I ns). €& & ls 206 are encapsul at ed

Wi th epoxy 220 and a conformal oQEHEETY pf OFPORY 222 may be de Replaced
This is the replacenent sheet 8 Date: 16/12/95 the su lIJl I
substrate 204. Heat spreader 224 is attached to the back side i |

usi ng flexi bl e-epoxy 226. FIG 4 shows a BGA (ball grid array) nodule 240

whi ch is_ simlar to the
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CPGA of _FIG 3. Substrate 242 rrayEBl«?%%Pgnllc (CB&A) or plastic (PBGA) and
may be one or multi-layerT .MgaiGULNANEDI e- epesty @64 is used

si nk 246 to flip-chip 248. FIGﬁEhOV\% nodul e 250. ThSh(g
flip-chip 252 is attached to copper pads 254 of a flexible M‘m

substrate 256 (a lam nate typically of one or nore patterne

and polyim de sheets) by joints 258 nade by ‘ﬂ'\%ﬁ;ﬁpresm on
bonding, or laser welding or py the ST (solder a e technol ogy) .
Sol der balls 258 (preferably @B/ @% P Sn) @fe attached to jcopper pads 260
of the flexible tape 256 by | &t her mal conpresdi on bondi ng, or
by depositing eutectic sol der {on e ahd reflowing witth the. balls in
pl ace. Rectangul ar netal :
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frane 262 such as Al or prefeEPFHOP bl ated by nickle (N} tached to
the flex substrate bwa;bhesgw&;@@,qg(prefe;_,qbld/l_epoxy) Heat spreader 270 1S

attached to franme 262 by a g@r__yﬁ é? ef erably epoxy) anﬂhnéﬁeélfﬂta JQ
h spr eader may be Al ?ﬁmmi,[

chip 252 by fl exi bl e-epoxy
Anodi zation or chromate conversion or preferrably is Cu coat
Modul e 250 is attached to substrate 280 (
flexible | am nate descri bed above) by depjsiti S past e (preferably
37/ 63% Pb/ Sn) on copper pads 282, placingl the nodule op the substrate with
the solder balls on the paste, and heating the structufe until the paste
becones nolten to formjoi nt® of solder 2B4. Alternatejy;~halls 258 and

as fiberglass

sol der 284 may Ctge repl aced an ECA _encay pl astic or
S _
Q] . A% .
N N
[ A\ -
B o
T & v
N o
A\ ’
R \ ]
G
— K -
=
ST 4
L — ® A
| N\ ©
| _ : I~ 1
A Y N
o
| /0 ﬁ u_
I _ ® A" y
_ v
. - LN
| _- ]
_ )
| A M
_ v
—— / A
? :
LN
< |
S 9 X
v 8 N 3
\g o
N @)
Q
. N
o —
o & e o



t hernoset 286, and which is attBMNS3HOS6 Ipads 282 by heat

CTE of Si is about 2.6 pm[ﬁ% rmzthe CT ;he Cu of the heat spreader
is about 17 ppmi[err] fch r ‘g tS'tn a CT c} erence of TMSHIB dﬁrRIé 1aced
Agai n, the back of the chip iSHEErly $nbbt h7 resultlng in a

bond and any de-lam nation or cracking of the epoxy bet ween

heat spreader causes a critical reduction in heat transfer from

the repl acenent sheet Date: 16/12/95
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epox;es qU|ckIy fail (geManCoAtRANES based aditesi ves alsoT
during a thermal cycling tes 0 to 100[err] fo
then -25 to 125[err] for 400g%§§fis 4wgn%f40 to 140[err] fo -
required to prove the reliability of joints between these materials. The
appl i cants have di scovered that flexible-epoxies (e.g. ABLEBOND 8971 and EG
7655) reliably nmeet the thermal cycling require f this test. FIG 6
shows a DCAM nodul e 300. Flip-chip 302 is attaghed tola nulti-I|ayer

fibergl ass epoxy substrate 304. Eutec{\¢c sold 306 i § deposited (by HASL,
sol der-on-chi p, solder inject, by trags f L Om a stailnl ess steel decal) to
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connect _between hi gh tenperat ENIS84@BN bunps 308 on the Dottomof—the—<hip
and copper pads 310 on. the nfrace of the _substrate. Copper pads 312
are positioned to conﬁéég‘tgﬂgoggﬁ&?pads 6%Ea°i t er connect Replaced
(organic circuit board as i SHEEd. & Ghd 5). Sol der 314 may |wﬂmr
pads 312 for reflow sol dered attachnment. Heat spreader 320 i

t he back side of chip 302 using an flexibl e-epoxy 322. |nproved nechani cal
strenth can be obtained for heat spreaders which extend significantly past -~
the limts of the chip by encapsul ati ng between the heat spreader at 324
and substrate 304 usikg flexi bl e-epoxy or another well known epoxy. FIG 7

shows a conputer netwrk enbodi nent of the information handling system 350
of the invention. Coffuter systems 352 and 354 are networked
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t ogerher “by optic or electrical si Aaweﬁ%ﬁ?%ISSG. Systens 352 and 354 have
CPU (central processor unit) «tbedu NASIE 360 arsit martory nodutrasndPlastiath Replaced

364 respectively. The nodul es .ljsesﬁ_iggirbl-,a_-?pow 366 - 372°to
"sinks to the nodules to allow operation at higher power so tha[ﬂuﬂﬁ mlu II
performance of the entire information-handling systemis enhan b
nodul es in each systemare attached to one or nore electrical interconnect
structures 374, 376. The interconnect structures are connected to power
supplies 378, 380 such as batteries, transformers, -or power cords, and may
be connected.to other computer devices 382 such as disk drives, other
i nterconnect structures. One or nore optic or electrical cables 384 or
cabl e connectors is attached to the interconnect structures to provide for
dat a
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This is the repl acenent sheet Date: 16/ 12/ 95 1( ascr@ﬁ@nomgﬁat ‘V\P[ pageu i 19
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havi ng i ndi vidual heat spreaders on one or mulft Aésmmps putSh =

heat spreaders each_for a plurality of fhe chiips on such a nodul e or eve’n

DATE OF RECEPT JG.DEC 1235

ATTACHING HEAT SINKS DIRECTLY TO CHIP CARRIER MODULES USING

FLEXIBLE-EPOXY | o
| “This is the replacement shoat

Techp.ical Field of Invention ~ Date: (6( (Z(Qf

These inventions relate to the field of heat spreaders and heat sinks for
electronic components and the process of attaching such heat spreaders
and heat sinks to such components.

Background of the Field

This section is included for the purpose of incorporating citations bj |
reference and is not intended to and does not make any admissions
regarding prior art.

Flip-chips have been thermally connected to heat spreaders using thermal
grease as described in U.S. Patent 4,000 +509 to Jarvela. Typically a heat -
- spreader such as a cap, heat spreader plate, finned heat spreader, or
liquid cooled cold plate is mechanically connected to a chip carrier module
or a circuit board so as to leave a thin gap between a flip-chip attached to
the module or board and one surface of the heat spreader. This gap is
filled with the thermal grease such as a silicone grease which may be filled
with a highly thermally conductive material such as silver or ceramic

material such as alumina to provide a high quality thermally conductive
path between the chip and heat spreader.

Epoxies have been used to attach semiconductor chips to ceftain
substrates. In U.S. patent 5,159,535 to Desai, epoxy is used to connect
the back of a semiconductor computer chip to a copper clad Invar (Cu-
Invar-Cu) interposer which has a coefficient of thermal expansion (CTE)
between that of a semiconductor and a glass fiber epoxy circuit board to
which the interposer is attached by soldering. Alternatively, in Desai, if
the circuit board is made of a material (e.g. INVAR) with a CTE that
closely matches that of a semiconductor chip, the chip may be directly



common heat spreaders for multiple nodules. Wile the mg@g&ﬁ\a‘md&eieen
descri bed wi th reference to preferred enbodi menfldiso® 1§ ﬂ atus and net hods

it will be understood by those skilled in the art that changes nmay be made
wi t hout departing fromthe spirit and scope of t 3 q‘{whlch is only
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attached to the board using thermally conductive epoxy. Similarly, U.S.’

patent 4,914,551 to Anschel discloses attaching a semiconductor chip to a
heat spreader of silicon carbide (SiC), aluminum nitride (AIN), or Cu-
Invar-Cu uéing epoxy filled with diamond particles so that CTEs differ by
no more than two parts per million per degree Centigrade (ppm/°C). The
CTE in ppm/°C of Si is 2.6, of SiC 2.6, of AIN 4.6, of Invar 2, of Cu-
Invar-Cu 3-6, of epoxy 50-80, of fiberglass-epoxy 11-18, and of epoxy
filled with fused quarts §~7. Removal of Heat From Direct Chip Attach
Circuitry by G.Schrottke and D.J. Willson in IBM Technical Disclosure
Bulletin Volumn 32 Number 4A September, 1989, discloses using adhesive to
bond silicon chips to a Cu-Invar~Cu heat spreader. U.S. patent 5,168,430
to Nitsch in FIG. 2 shows a hybrid circuit structure 3 cemented to a heat
spreader 4. European Patent Appﬁcaﬁon 93104433.3 to Bennett discloses a
semicondtictor die attached to a lead frame using conductive epoxy.

Epoxies have been used to enca;ﬁsulate flip-chip connections as: described
in U.S. Patent 4,604,644 to Beckham and U.S. patents 4,999,699 and
5,089,440 to Christie, in order to reduce stresses in the C4 (controlled
collapse chip connection) joints. C4 joints are described in U.S. patent
3,458,925. Epoxies for such purposes are well known as described in U.S.
patent 4,701,482 to Itch. Such epoxies typically have a glass transition
temperature (Tg) of about 140 - 150° C, and a modulus of around 1,000,000
psi or more. Epoxies have been used for transfer molding and injection
molding to produce components such as QFPs (quad flat packs), DIPs
(dual-in-line packages) and other plastic packages. Ceramic chip carrier
packages such as ceramic quad flat packs are typically two ceramic parts
connected together with epoxy. ECA (electrically conductive adhesive)

chip attachments may be encapsulated with epoxy or more preferrably by a
thermoplastic. '

Heat spreaders such as Aluminum (Al) which may be coated by chromate
conversion or anodized, or copper (Cu) which may be coated by nickle
(Ni), are bonded to plastic packages using epoxy. The CTE in ppm/°C of
Al is 23 and of Cu is 17. For higher temperature applications, ceramic chip
packages are used and silicone adhesives are used to bond a heat spreader
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is the répl acenent sheet DATE OF RECEI PT 28 APRllTﬁagstmi&?p?% clainmed is:
1. A method for producing a chip carrier nodule, conprising: el ectrl cally

connecting a first surface of. a sem conductor chip to-a W
depositing flexibl e-epoxy between a se _ggnd surf acDBP: ¢ Ige sdni conduct or
chip and a heat spreader; pressing th at spreader and the chip together;
and to the top of the module or the heat spreader is mechanically attached by
screws or by clipping. A "technical data sheet for Ablebond P1-897 of 9/93
recommends attaching alarge die to a silver coated copper lead frame using
this material. A product data sheet for Prima-Bond TM EG 7655
recommends using the material "for bonding materials with highly
mismatched CTEs (i.e., Alumina to Aluminum, Silocon to Copper, etc.)

These inventions are applicable to ceramic top modules such as CQFPs
(ceramic QFPs) and to flip-chip carrier moduies such as: capless CQFPs;
TBGA (TAB bell grid array), TAB (tape automated bonding) modules as
described by Desai and in U.S. patent 4,681,654 to Clementi, and 5,20_3,075
-to Flynn; CBGA (ceramic ball grid array) modules described by Behum,
and in Ser. No. 08/144,981 by Hoebner; DCAM (direct chip attach modules)
described in Ser. no 08/178,994 by White; and well known CPGA (ceramic
pin grid array) modules.

All the above citations are incorpofated herein by reference to provide an

enabling disclosure and to support the claims to which the applicant is
entitled by law.

Objectives of the Invention

It is an object of the invention to improve the thermal efficiency for
removing heat from a flip-chip to increase reliability and potentially
increase power dissipation to allow a higher device density.

It is another object of the invention to provide a new use for known
epoxies.

It is another object of the invention to provide an improved electronic

package that can dissipate more heat from high thermal density computer
chips than previously possible. |



heating to cure the flexible-epoxy; and characterised in that the step of

deposi ti hg fl®xi bl e- epoxy whi ch is not fully curqgis ﬂgqgeqebjggg,geﬁt gl us
of {ess than 100,000 psi at 25 degrees C. 2. The nethod of claim1l in which

the stop of depositing flexible-epoxy includes the st Ti%‘po& ting
fl exible-epoxy with a glass transitiop terrperatupéfbf em g}'( an 25 degrees
C. 3. The nmethod of claim1 in which-the stop of depositing flexible- epoxy

torpor atur o SR 2ROt B he BiYehefiul i frouhs § oufBes oSt h“** ch
the step of h.nrﬁgo higher densxty and faster operation than has prevmus 1y
been practice.

Summary of the Invention

These objects are accomplished in the invention by bonding an aluminum or
copper heat spreader or heat spreader piate directly to the back side of a
semiconductor flip-chip or a ceramic QFP. The applicants have discovered
that a thin layer of a highly ﬂexible-epoxy that has a glass transition
temperatures below room temperature can be used to bond the heat
spreader directly to the back of a flip-chip or ceramic cap and the bond will
remain strong even after thermal cycle testing of 0 to 100° C for 1500
cycles, =25 to 125° C for 400 cycles, and -40 to 140° C for 300 cycles; or
after continuous exposure to 130 degrees C for 1000 hours.

Brief Description of the Drawings

FIG. 1 shows an aluminum heat spreader bonded by flexible-epoxy to a
CQFP to illustrate an embodiment of the invention.

FIG. 2 shows an aluminum heat spreéder bonded by flexible-epoxy to a

semiconductor flip-chip on a capless CQFP to illustrate another embodiment
of the invention. '

FIG. 3 shows an aluminum heat spreader bonded by flexible-epoxy to a

semiconductor flip-chip on a CPGA to illustrate another embodiment of the
invention.

FIG. 4 shows another embodiment of the invention similar to FIG. 3 and in

which an aluminum heat spreader is bonded to a semiconductor flip-chip by
flexible-epoxy to a CBGA or PBGA.



. aniacement sheot
f | exi bl e-epoxy includes the step of depositing a'ﬁhbﬁ%@e\ﬁ?‘ﬁ a gl ass
transitibn te%lrperature of less than O degrees C. 5. The met hod of claim1l

in which the step of depositing flexible-epoxy i ep of
deposi ting flexibl e-epoxy with a Young's nodul usr%tgl ess t{thﬁlaqrslySO 000 psi at

25 degrees C. 6. The method of claimBin which the stop of depositing
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Young's nodul es. of han 20, 00 degr ees e met hod of

claim1 in vx?ﬁ“?}ﬁm?‘ﬁ‘éeté’f' B PR RS }P&ig”’ﬂ %‘SFPHI%‘%S%P i’-“’éﬂf&&%a{’?@eé't ep of
deposi ting fémlmd:hmnépﬁx;ne\invénum erial properties or fornulation simlar

to Al Technol ogy
FIG. 6 shows an aluminum heat spreader bonded by flexible~epoxy to a

semiconductor chip on a direct chip attachment organic carrier to illustrate
another embodiment of the invention.

FIG. 7 shows the information handling system of the invention which is
enhanced by the thermal perfomance provided by bonding heat spreaders

to A/N ceramic and/or silicon surfaces of high power density components
using flexible~epoxy. ' '

Enabling Description of Preferred Embodiments

Typical epoxies have a Tg of about 140 - 150 degrees C, but flexible-
epoxies used in these inventions have a Tg below about 25°, preferably
below 10° C and more preferably below 0° C. Also, typidal epoxies have a
Young's modulus of around 1,000,000 psi, but flexible-epoxies used in
these inventions have a Young's modulus below about 100,000 psi,
preferably below 50,000 psi, and even more.preferably below 20,000 psi. A
two part flexible-epoxy named EG 7655, is available from AI Techn‘ologies
Inc. 9 Princess Rd. Lawrencevill, N.J. 08648 and has a Tg of about -25° C
and a Young's modulus less than about 20,000 psi. A one part flexible-
epoxy named ABLEBOND eP1 ~ 8971 is distributed by Ablestick
Laboratories 20021 Susana Road Rancho Dominguez, CA 90221. and has a
Tg of about 5° C and a Young's modules of less than about 50,000 psi.

In FIG. 1, the.CQFP module is produced from two preformed, fired halves
100, 102 of ceramic (preferably Al-N). Semiconductor chip 106 (preferably
silicon) is bonded to top half 100 of the flat pack using for example a
typical die attach epoxy 108, and the chip is wire bonded 112 to the lead
frame. Then top half 100 is bonded to bottom half 102 using for example a
typical epoxy 110, 114. Cavity 116 is typically empty but may contain an
electrically non-conductive, thermally conductive thermal substance (e.g.



EG 7655. 8. The nethod of claim11 in which the step of depositi ng
flexibleiepox‘yincludesthe step of depositing fl - . -12 - with
mat erial properties or formylation simlar to ABL@@ ’mﬂﬂthOﬂ

met hod for producing a chip-carrier nodule, conprising: electrically
connecting a first surface of a sem coGnductor chipDgtes “l‘z(q{

silicon grease). Then an ‘Al heat spreader 118 (preferably coated by
anodization or more preferably by Chromate conversion) is attached to the
top of the ceramic module using a thin layer of flexible-epoxy 120.

The CTE of Al-N is about 4.6 ppm/°C, and the CTE of the Al of the heat
spreader is about 23.6 ppm/°C, which results in a CTE difference of 19
ppm/°C. The ceramic top is a relatively smooth surface and any de-
lamination or cr'acking of the epoxy between the package and heat spreader
causes & critical reduction'i.n heat transfer from the chip. When this
structure is subjected to thermal cycling common epoxies quickly fail (de-
laminate). Silicone based adhesives have Tg's below 25°C and Young's
Moduli below 20,000 pse. However, mechanically, the bonds are about one
thrid to one half the strength of a flixible epoxy. Also, constituents of
silicon adhesives have a tendency to migrate out contaminating surfaces

- with a thin coating. The applicants have discovered that flexible-epoxies

(e.g. ABLEBOND Pi - 8971 and EG 7655) meet the thermal cycling
requirements of this test.

-

Alternately, cap 102 may be replaced by epoxy encapsulant (gob top) to
protect the wire bond chip. The epoxy may just cover the chip and wire
bonds or it may extend to the circuit board on which the module is
mounted. Also, an orgenic material such as fiberglass-epoxy or a laminate

of copper and polyimide foils may be substituted for the ceramic of the top
half 100.

FIG. 2 shows another CQFP 148 which does not have a top half. The front
side (bottom) of a semiconductor flip- chip die 150 is attached to a single
layer rectangular ceramic chip carrier 152 by perimeter row or a grid array
of C4 joints 154 that extend from conductive contacts on the chip to
conductive contacts on the carrier. Alterhativly, the chip bumps could be
attached to the contacts on the carrier by eutectic solder bumps deposited
by- plating, solder inject, or transfer from a decal. Léads such as gullwing
leads 156 are soldered 158 to copper pads along edges (typically all four
edges for QFPs) for surface mount connection to substrate 156. Alternately
the bottom end of the leads may bend under the module in a J or even



to a substrate; depositing flexible-epoxy which Jﬁﬁ. rig g\-gd|y§erh!iﬁc§h98§t ween
a second'-surfface of the sem conductor chip and a MM num surface of a

nmet al heat spreader; pressing the heat spreader and the chip together; and

heating the nodule to cure the flexible-epoxy; amtahar‘lq,j(-@‘rjqfed i n that
the step of depositing flexible-epoxyy which is not ful cured, has a

Young's nodul us of |ess than 100,000psi at 25 degrees C. 10. The nethod of
claim9 furtpeintedsprait dognt 'Phesjoipts0f54 are encapsulated with epoxy 160 and’

preferably the leads are encapsulated with epoxy 162. Preferably an epoxy
coating 164 is applied so to protect the top layer ceramic circuitry (a
conformal coating). Heat spreader 164 is attached to the back side of chip
150 using an flexible-epoxy 166. Improved mechanical strenth may be
obtained for heat spreader that have a footprint much larger than the chip,
by bonding the heat spreader to the conformal coating at 168 with the
flexible-gpoxy or a typical epoxy. '

The CTE of Si is about 2.6 ppm/°C and the CTE of the Al of the heat
spreader is about 23.6 ppm/°C which results in a CTE difference of 21
ppm/°C. The back of the chip is very smooth resulting in a weak
mechanical bond and any ‘de~lamination or cracking of the epoxy between
the chip and heat spreader causes a critical reduction in heat transfer from
the ch.ip. When this structure is subjected to thermal cycling common

' époxies quickly fail (de-laminate). Silicone based adhesives have Tg's
below 25°C and Young's Module below 20,000 p'si. However, mechanically,
the bonds are about one third to one half the strength of a flexible epoxy.
Also, constituents of silicone adhesives have a tendency to migrate out
contaminating surfaces with a thin coating. The applicants have discovered
that flexible-époxies (e.g. ABLEBOND pi - 8971 and EG 7655) meet the
thermal cyeling requirements of this test.

Leads 156 of module 148 are attached to conductive pads 170 (preferably

copper) of substrate 156 (a fiberglass-epoxy circuit board or flexible
circuit board of laminated copper and polyimide films).

FIG. 3 shows a CPGA (ceramic pin grid array module) 200. The front side
(bottom) of a semiconductor flip~chip die 202 is attached to a rectangular
ceramic chip carrier 204 (single or multi-layer as shown) by a perimeter
row or grid array of joints 206 (preferably C4 or ECA). A matrix of pins
208 are wave soldered 210 to copper pads 212 on both end of PTHs (plated-
through-holes) extending through substrate 214 (e.g. fiberglass epoxy =r
flexible laminate of copper-polyimide films). Joints 206 are encapsulated
with epoxy 220 and a conformal coating of epoxy 222 may be deposited ~n



sel ecting theébase of the metal heat spreader froma group consisting of
al m num and copper. 11. A nethod for producing a |- arri mudu e
conprd si ng: nmounting a sem conductor chip in a fﬂﬁgdigplﬁg'rFPlgﬁe’Bﬂnﬁqust
side of*a first substrate; depositing flexible-epoxy between a heat

spreader and a surface on a second side of the fDatd: ?ﬁpatm pr essing
the heat spreader and the chip toget heB. and heati ng dul e to cure the

]1: : exi b: e- epoxyphe aﬁﬂfa%&{fasﬁ{u%&i-aiectoun HBAE spRBaSE 284 B aBRRRSH ) e back
exi bl e- epOX\é d<=.'\,\,nfl chip 302 using flexible-epoxy 226.

FIG. 4 shows a BGA (ball grid array) module 240 which is similar to the
CPGA of FIG. 3. Substrate 242 may be ceramic (CBGA) or plastic (PBGA)

and may be one or multi-layer. Again, flexible~epoxy 244 is used to attach
heat sink 246 to flip-chip 248.

FIG. 5 shows TBGA module 250. The bottom of flip-chip 252 is attached to
copper pads 254 of a flexible ehip carrier substrate 256 (a laminate
typically of one or more patterned copper layers and polyimide sheets) by
joints 258 made by C4, thermal compression bonding, or laser welding or by
the SATT (solder attach tape technology). Solder balls 258 (preferably
90/10% Pb/Sn) are attached to copper pads 260 of the flexible tape 256 by
laser welding, thermal compression bonding, or by depositing eutectic
solder on the pads end reflowing with the balls in place. Rectangular metal
frame 262 such as Al or preferably Cu plated by nickle (Ni), is attached to
the flex substrate by adhesive 264 (preferably epoxy). Heat spreader 270
is attached to frame 262 by adhesive 272 (preferably epoxy) and is attached
to chip 252 by flexible-epoxy 274. The heat spreader may be Al treated by
Anodization or chromate conversion or preferrably is Cu coated with Ni.

Module 250 is attached to substrate 280 (such as fiberglass epoxy or a
flexible laminate described above) by depositing solder paste (preferably
37/63% Pb/Sn) on copper pads 282, placing the module on the substrate
with the solder balls on the paste, and heating the structure until the paste
becomes molten to form joints of solder 284. Alternately, balls 258 and
solder 284 may be replaced by an ECA encapsulated by a thermoplastic or
thermoset 286, and which is attached to pads 282 by heat and pressure.

The CTE of Si is about 2.6 ppm/°C and the CTE of the Cu of the heat
spreader is about 17 ppm/°C which results in a CTE difference of 14.4
ppm/°C. Again, the back of the chip is very smooth resulting in a weak
mechanical bond and any de-lamination or cracking of the epoxy between
the chip and heat spreader causes a critical reduction in heat transfer from .



fully cured, has a Young's nodulus of |less than 100,000 psi at 25 degrees
C. 1%. The mefhod of claim 1l in which the first Jhissisrthedeplace@pptpieet;s,
The nethod of claim 1l in which the step of depositing flexible-epoxy

i ncludés the step of depositing flexible-epoxy w S ansi tion
tenperature of |ess than 25 degrees C. 14. The rre?%ct)%‘ g((’a’i?"é‘ m 11 further
conprising the step of bonding the sem%onductor chip to a surface of the

substrate onthbeniy. Whediilfs Birdciere OSIERLRY Hikrhl bPGilFRIGEEHEN Sheet
epoxies quickly fail (de-laminate). Si based adhesives also delaminate
during a thermal cyeling test consisting of 0 to 100° C for 1,500 cycles,
then -25 to 125° C for 400 cycles, then -40 to 140° C for 300 cycles required
to prove the reliability of joints between these materials. The applicants
have discovered that flexible-epoxies (e.g. ABLEBOND 8971 and EG 7655)
reliably meet the thermal cycling requirements of this test.

FIG. 6 shows a DCAM module 300. Flip-chip 302 is attached to a multi-layer
fiberglass epoxy substrate 304. Eutectic solder 306 is deposited (by HASL,
solder-on-chip, SOIder inject, by transfer from a stainless steel decal) to
connect between high temperature solder'bumps 308 on the bottom of the
chip and copper pads 310 on the top surface of the substrate. Copper pads
312 are positioned to comiedt to copper pads on a interconnect structure
(organic circuit board as in FIGs. 2 and 5). Solder 314 may be provided on
pads 312 for reflow soldered attachment. Heat spreader 320 is attached to
the back side of chip 302 “usixi"g an flexible-epoxy 322. Improved mechanical
strenth can be obtained for heat spreaders which extend significantly past
the limits of the chip by encapsulating between the heat spreader at 324
and substrate 304 using flexible-epoxy or another well known epoxy.
FIG. 7 shows a computer network embodiment of the information handling
system 350 of the invention. Computer systems 352 and 354 are networked
together by optic or electrical signal cable 356. Systems 352 and 354 have
CPU (central processor unit) modules 358, 360 and tﬁemory modules 362 and
364 respectively. The modules use flexible-epoxy 366 - 372 to attach heat
sinks to the modules to allow operation at higher power so that the
performance of the entire information handling system is enhanced. The
modules in each system are attached to one or more electrical interconnect
structures 374, 376. The interconnect structures are connecfed to power
supplies 378, 380 such as battei‘ies, transformers, or power cords, and may
be connected to other computer devices 382 such as disk drives, other
interconnect structures. One or more optic or electrical cables 384 or cable

connectors is attached to the interconnect structures to provide for data



Dat e: %8/ 4/ 98 13 - 15. The nethod of claim 11 further conprising the
steps of:" bonding the semi conductor chip to a secthig !Gdhswemaﬁmgﬂckmﬁdi ng
the first and second substrates together to encl ose the chip between the

substrates. 16. A nethod for producing a flip chigaack rising:
positioning a sem conductor flip chip on a surfac’ga%f af‘@ﬁz{ﬁg”p

. _ .10
input and output with computer peﬁpherals 386 such as keyboards, CRTs,
modems, sensors, motors, ete..

Although not shown, these inventions include multi-chip modules having
individual heat spreaders on one or multiple chips and/or common heat
spreaders each for a plurality of the chips on such a module or even
common heat spreaders for multiple modules.

While the invention has been described with reference to preferred
embodiments of apparatus and methods it will be understood by those
skilled in the art that changes may be made without departing from the
spirit and scope of the invention which is only limited by the claims.



substrate with a grid array of electrical connectors exteng+-rg—frema

ot

first, confrohting surface of the chip to a matching grid arr

connectors on the substrate; heating to mechanically and el e’@ﬂﬂi‘hﬂ!u‘wm"uﬂ
i nterconnect the chip to the substrate; depositing flexible-

second surface of the chip and a heat ygpreader; pressing the heat spreader

and the chip . heating -t heemodul e to cure the flexible-epoxy;
WhELE Beined

and characte ‘the step of depositing flexible-epoxy which is
not

1. A method for producing a chip carrier module, comprising:

electrically conneéting a first surface of a semiconductor chip to a
substrate;

depositing flexible-epoxy which is not fully cured, between a second
surface of the semicbnductor chip and a heat spreader;

pressing the heat spreader and the chip together; and

heating to cure the flexible-epoxy.

2.  The method of claim 1 in which the step of depositing flexible-epoxy
includes the step of depositing flexible-epoxy with a glass transition

temperature of less than 25° C and a Young's modulus of less than
100,000 psi at 25° C.

3. The method of claim 1 in which the step of depositing flexible-epoxy

includes the step of depositing flexible-epoxy with a glass transition
temperature of less than 10° C.

4. The method of claim 1 in which the step of depositing flexible-epoxy
includes the step of depositing an epoxy with a glass transition
" temperature of less than 0° C.

- 5. The method of claim 1 in which the step of depositing flexible-epoxy -
includes the step of depositing flexible-epoxy with a Young's
modulus of less than 50,000 psi at 25° C. '

6. The method of claim 1 in which the step of depositing flexible-epoxy

includes the step of depositing flexible-epoxy with a Young's
modules of less than 20,000 psi at 25° C.

This Sheet Has Been

IR



fuI'I-y cured, has a Young's nbdulus of |ess than 100, 000 pst—at—25-degrees

C. 17. The nmethod of claim 15 further conprising the step | a
netal heat spreader. 19. The nethod of claim 18 further c ,ﬂalﬂ@i ﬂﬁ iﬂm)
of selecting a ceramc substrate. 19. The nethod of claimi% ¢ n

step of depositing flexible-epoxy inclyydes the step of deposing flexible
epoxy with a glass transition tenperature of less than 25 degrees C. 20. A
net hod for prAeduciThe method: of claisnddn whichcthestep of depositing flexiblerenoxtyl v

connecting a firsinéiités¢Re Stepof ASHE&IRAIFHOXibIdUeBoxy with about the same
material properties or formulation as EG 7655.

8. The method of claim 1 in which the step of depositing flexible-epoxy
includes the step of depositing flexible-epoxy with about the same
material properties or formulation as ABLEBOND as Pi - 8971.

9. A method for producing a chip carrier module, comprising:

electrically connecting a first surface of a semiconductor chip to a
su_bstrate; '

depositing flexible-epoxy which is not fully cured, betwéen_ a second
surface of the semiconductor chip and a metal heat spreader;

" pressing the heat spreader and the chip tbgether; and
heating the module to cure the flexible-epoxy.

10. The method of claim 6 further comprising the step of selecting the

base of the metal heat sink form a group consisting of: aluminum and
copper.

11. A method for producing a chip carrier module, comprising:

mounting a semiconductor chip in a fixed position on a first side of a
first substrate; '

- depositing flexible~epoxy which is not fully cured between a heat
spreader and a surface on a second side of the first substrate;

pressing the heat spreader and the chip together; and

heating the module to cure the flexible-epoxy.

_—
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to a f| rst substrate; depositing flexible-epoxy between a—second—surhaee of
t he senicondudtor chip and a heat spreader; pressing the rr]rgﬁ!‘ smieader and
h

the chip together; and elevating the tenperature of the m,”lmuslﬂ
f | exi bl e- epoxy; and characterised in further conpri smg t L of) !

Is the repl acement sheet Date:28/4/98 13
' 12. ‘The method of claim 9 in which the first substrate is ceramic.

.13. The method of claim 9 in which the step of depositing flexible-epoxy

includes the step of depositing flexible-epoxy with a glass transition
temperature of less than 25° C; and a Young's modulus of less than
100,000 psi at 25° C.

14. The method of claim 9 fﬁrthér comprising the steps of b_onding the
semiconductor chip to a surface of the substrate on the first side of
the substrate.

15. The method of claim 8 further comprising the steps of':

bonding the semiconductor chip to a second substrate;

bonding the first and second substrates together to enclose the chip
between the substrates.

16. A method for producing a flip chip package, comprising:

positioning a semiconductor flip chip on a substrate surface with a
grid array of electrical connectors extending from a first,
confronting surface of the chip to a matching grid array of
connectors on the substrate;

heating to mechanically and electrically interconnect the chip to the
substrate;

depositing flexible-epoxy which is hot fully cured, between a second
surface of the chip and a heat spreader;

pressing the heat spreader and the chip together; and
heating the module to cure the flexible-epoxy.
This Shee
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a second surface of the first substrate in parallel

contact With & surface of a second, |arger substrate; and connecti

bet ween neans for

t he second substr

el ectrical and machanl cal connect’i on gmﬂu
substriate and confronting nmeans for electrical "and nmech T" u,"ﬂ!, of

in that the step

ate to forman |nter€g_nect structure; dnd¢charac
of depositing flexible*epoxy which is not fully cured,

a Young's nopiud usThé niethed tof aiaikiON) HRhesicomprising the step of selecting a

18.

19.

20"

metal heat sink.

The method of claim 11 further comprising the step of selecting a
ceramic substrate.

The method of claim 11 in which the step of depositing flexible-epoxy
includes the step of depositing flexible~epoxy with a glass transition
temperature of less than 25° C and a Young's modulus of less than
100,000 psf at 25° C. :

A method for producing an interconnect structure, comprising:

electrically connecting a first surface of a semiconductor chip to a
first substrate;

depositing flexible~epoxy which is not fully cured, between a second
surface of the semiconductor chip and a heat spreader;

pressing the heat spreader and the chip together;
elevating the temperature of the module to cure the flexible-epoxy;

positioning a second surface of the first substrate in parallel contact

~with a surface of a second, larger substrate; and

connecting between means for electrical and mechanical connection of
the first substrate and confronting means for electrical and
mechanical connection of the second substrate to form an
interconnect structure.

This Sheet Has Been Repl
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at 25 degrees C. 21. The nmethod of claim20 in which the step—of—depositimng

f1 exl bl e-epoxy includes the step of depositing flexible-epoxy _
transi.tion tenperature of less than 25 degrees C. 22. A netho nl umm lﬂmll”“‘
produci ng an interconnect "structure, conprising: nounting a'_s DHAUCTHOT s~ '+
chip in a fixed positioh on a fi rst sipge of a first substrate; depositing

fl exi bl e- epox eat readeTand a surface on a second side of

the first subfStr a’%g 14 dniwhich the step pfidepesiting flebla-gpexyand

heating the nodul e!nclndes rthetslwp bf @epbiitingpfiayiblé*efloxy with a glass transition

temperature of less than 25° C; and a Young's modulus of less than
100,000 psi at 25° C.

22. A method for prddueing an interconnect structure, comprising:

mounting a semiconductor chip in a fixed position on a first side of a
first substrate;

depositing flexible-epoxy which is not fuily cured between a heat
spreader and a surface on a second side of the first substrate;

pressing the heat spreader and the chip together;
heating the module to cure the ﬂexible-epoxy H

electrically interconnecting between metal contacts on the chip and
metal contacts on a second substrate.

23. The method of _c’laiin 18 further comprising the step of selecting a
ceramic material for the first substrate.

24. The method of claim 16 in which the step of depositing flexible-epoxy
includes the step of depositing flexible~epoxy with a glass transition

- temperature of less than 25° C; and a Young's modulus of less than
100,000 psi at 25° C.

25. A method for producing an information handling system, comprising:

electrically connecting a first surface of a semiconductor ch1p of a
central processmg unit to a first substrate;

' depositing flexible-epoxy which is not fully cured, between a second
surface of the semiconductor chip and a heat spreader;

This Sheet Has Been Reﬂ




characterised in further conprising the step of electrically

I nterconhecti’ng between metal contacts on the.ehip and met aI conrcts on a

second substrate; and characterised in that the step of deﬂmwm H“’Lullll“m

f1 exi bl e- epoxy which is not fully cured, has a Young’s nod
100, 000 psi at 25 degrees C. 23. The n]ashod of claim22 furthef: corrprl $ing

the step of selectl a eramc nmat . rl—'l"%f %#Ge first substrate. 24. The

met hod of cl ai m #%© saf, spreader 10gethersi bl e- epoxy i ncl udes
the step of depositl ng erX| bl e-epoxy with a glass transition tenperature

of less than 25 deafefity the temperature of the module to cure the flexible-epoxy;

positioning a second surface of the first substrate in paralle]l contact
with a surface of a second, larger substrate;

connecting between means for electrical and mechanical connection of
the first substrate and confronting means for electrical and
mechanical connection of the second substrate to form an
interconnect structure;

connecting the interconnect structure with power supply means, and-
input/output means to form an information handling system.

26. The method of claim 18 in which the step of depositing flexible-epoxy
includes the step of depositing flexible-epoxy with a glass transition
temperature of less than 25° C; and a Young's modulus of less than
100,000 psi at 25° C.

27. A chip carrier module, comprising:

a first substrate;

a semiconductor éhip electrically connected to the first substrate;
a layer of flexible-epoxy on a first surface of the chip;

a heat spreader with one surface bonded to the first surface of the
chip by the flexible-epoxy;

means for mechanically holding the heat spreader and chip in a fixed
position relative to the first substrate; and

means for connecting the first substrate to another substrate.

- _-/
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25. A net hod for produm ng an information handling system conprising:
electrically &onnecting a first surface of a seni conductor‘cf‘rrp—o*f——a\\

central processing unit to a first substrate; depositing fl
bet weeén a second surface of the seniconductor chip and a he , “ "I""n
pressing the heat spreader and the chip together; and This is

repl acenent sheet 17

28.  The module of claim 20 in which the flexible-epoxy has a glass

transition temperature of less than 25° C and a Young's modulus of
less than 100,000 psi at 25° C.

29. The module of claim 20 in which the flexible-epoxy has a glass
transition temperature of less than 10° C.

30.  The module of claim 20 in which the flexible~epoxy has a glass
transition temperature of less than 0° C.

31.  The module of claim 20 in which the flexible-epoxy has a Young's
modulus of less than 50,000 psi at 25° C. '

32. - The module of claim 20 in which the flexible-epoxy has a Young's
modulus of less than 20,000 psi at 25° C.

33.  The module of claim 20 in which the flexible~epoxy has about the
same material properties or formulation as EG 7655.

34. The module of claim 20 in which the flexible-epoxy has about the
same material properties or formulation as ABLEBOND Pi - 8971.

35. The module of claim 20 in which the heat spreader mcludes an
alummum base;

36. The module of claim 28 in which the heat spreader has an anodize
coating.

37.  The module of claim 28 in which the heat spreader has a chromate
conversion coating.

38.  The module of claim 20 in which the heat spreader includes a base of
copper:
_—
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eIeVating the tenperature of the nodule to cure the flexible-epoxy; and
charactefised in further conprising the steps of positi8Fmg=a second

surface of the first substrate in parallel contact with
second; | arger substrate; connecting between neans for e‘jﬂlﬂmqmﬁ““mm
mechani cal connection of the first substrate and confr

el ectrical and mechani cal connection of i second substrate to form an

i nt er connect gg} r UThe misdwld &f CHIRE in\hidbothe Rédt GPPERddr Bkl & INiUsdatifr Wi t h
power supply means, and input/output nmeans to forman information handling
system

40. A chip carrier module, comprising:
a first substraie;
a semiconductor chip positioned on a first side of the first substrate;

a layer of flexible-epoxy on a surface of the first substrateon a
second side of the first substrate;

a heat spreader with one surface bonded to the surface of the seéond
side of the first substrate;

means for mechanically holding the heat spreader, chip, and first
substrate in a fixed relative position; and

meax_is for electrically connecting the chip to another substrate.

41. The module of claim 33 in which the first substrate comprises a
 ceramic material’

42. The module of claim 33 in which means for mechanically holding the
heat spreader and chip in a fixed position relative to the first

~ substrate include, bonding the chip to the first side of the first
substrate. '

-

43. The module of claim 33 in which means for mechanically holding the
heat spreader and chip in a fixed position relative to the first

substrate include:

bonding the chip to a first side of a second substrate;

bonding the first side of the second substrate to the first side of the
first substrate to enclose the chip between the substrates.

This Sheet Has Been Rerlaced




and characterlsed in that the step of depositing flexible-epoxy wich—s
not fully cured, has a Young's nodul us of |ess than 100, 000 ulji, ml ",

degrees C. 26. The method of claim 25 in which the step of

f I exi bl e-epoxy includes the step of depositing flexible-epoxy Wl
transition tenperature of less than 25 dggrees C. 27. A chip carrier
nodul e, conprising: a first substrate; a-sem conductor chip connected to

the first s&l&str&hﬁ mduwdmssmmehmmﬂmmasum of the
chi p; transition temperature of less than 25° C and a Young's modulus of
less than 100,000 psi at 25° C.

45. A flip chip package, comprising:

a first substrate with a grid array of metal contacts on a first
substrate surface and means for connection to a second substrate;

a semiconductor flip chip with a first chip surface parallel to the first
substrate surface and having a grid array of metal contacts on. the

. first chip surface matching and confronting respective contacts of
the grid array of the first substrate ;

electrical conductors extending between respective contacts of the
first substrate and chip;

a layer of flexible-epoxy on a second surface of the chip; and

a heat spreader bonded to the chip by the flexible-epoexy.

46. The package of claim 38 in which the flexible-epoxy has a glass
transition temperature of less than 25° C and a Young's modulus of
less than 100,000 psi at 25° C.

47. An interconnect structure, comprising:
a first substrate with metal contacts;
a semiconductor chip with metal contacts ona first surface;

conductors electrically connecting between metal contacts of the fir:t
substrate and contacts of the chip;

a layer of flexible-epoxy on a second surface of the chip;
—,————‘/——_—_—_.
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a heat spreader with a surface bonded to the first surface of the chip by
the flexi bl e-tpoxy; means for mechanically holding the h

chip in a fixed position relati.ve to the first substrate;
connecting the first substrate to another substare; and th ”Wumll mlrﬂllll
that said layer of flexible-epoxy has a 2®ung’ s-nmodul us of Fess ttham ~s =«
100, 000 psi at 25 degrees C. 28. The nodule of claim27 in which the

f 1 exi bl e- epoxy ha& hgatFpreaderavith ohersuréaqechbaridedetoothel first durfac®bf dhgr ces
C. 29. The nudul eciip ¥y thériekiviB-dfu:5h the flexible-epoxy has

means for mechanically holding the heat spreader, chip, and first
substrate in a fixed relative position; and

a second substrate electrically and mechanically connected to the .
first substrate. '

48. The structure of claim 40 in which the flexible-epoxy has a glass
transition temperature of less than 25° C and a Young's modulus of
less than 100,000 psi at 25° C.

49. An information handling system, comprising:

a first substrate with metal contacts;

a semjconductor chip of a central processing unit with metal contacts
on a first surface;

conductors electrically connecting between metal contacts of the first
substrate and contacts of the chip; '

a layer of flexible-epoxy on a second surface of the chip;

a heat spreader with one surface bonded to the first surface of the
chip by the flexible-epoxy; '

means for mechanically holding the heat spreader, chip, and first
substrate in a fixed relative position; and '

a second substrate electrically and mechanically connected tc the
first substrate; ' '

-
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a gI ass transition tenperature of less than 10 degrees G
repl acenment sheet 30. The nodul e of claim 27 in which the flexible-epoxy

~has a glass transition tenperature of less than O degreesJ’mmﬂu"lmlljman
of "claim 27 in which the flexible-epoxy has a Young's nod
50, 000 psi at 25 degrees C. 32. The nodul,g of claim27 in whi ¢h t s

fl exi bl e-epoxy has a Young's nodul es of s than 20,000 psi at 25 degrees
C. memory means electrically connected to the chip of the central

processing unit;
power supply means connected to the second substrate; and
input/output means connected to the second substrate.

50. The structure of claim 40 in which the flexible-epoxy has a glass

- transition temperature of less than 25° C and a Young's modulus of
less than 100,000 psi at 25° C. |

-
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33. The- rmdul e of claim27 in which the flexible-epoxy has about the sara
mat eri al propértles or fornmulation simlar to Al Technol ogy E6 7@5@\1

The nodul e of claim 27 in which the flexible-epoxy has %b same
material properties or formulation simlar to ABLEBCYWS 8971 35. A
modul e of claim27 in which the heat spreader includes an ‘JE Rl'ﬁ”n base.
36. The nodule of claim35 in which the heat spreaderoéﬁs odi ze
coating. 37. The nodul e of claim 35 ||il\9/m ch the heat reader has
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a chromate conversion coating. 38. The nodul e of cl &g R%hiy Lefehi Sharrat
spreader ‘i ncl udes a base of copper. 39. The nodul e gw’gc%atlhﬁ?ggﬁlbp \A/(]{I]Ch t he

heat spreader has a N coating. 40. A chip carrier nmodule, co g,sing: a
first substrate; a seniconductor chip gygsitioned anDaté: réﬁfl&:ﬁ of the

first substrate; a lager of flexible-epoxy on second side' of.. the first
substrate; —_\/\
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a heat spr,eadef with one surface bonded to the second side of the first
substrate; neans for nechanically-holding the heat spreader, chip, and ot
first substrate in a fixed relative position; and Thi q-hjsqstthereplpc%lﬂﬁ?t‘e?ﬂ- _

sheet Date: 28/ 4/98 -17 - nmeans for electrically connecting the chi'p to
anot her substrate; : .
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and.characterised in that the l-ayer of flexi bl'e-epoxy has a Young's nodul us
of less than 100,000 psi at 25 degrees C. 41. The nyp-

i im.40. i L
which the first substrate conprises a ceram c naterial fslfgg ’%@hﬁfﬂéﬁw‘w _

claim40 in which neans for mechanically holding the heat spre d? and chip
in a fixed position relative to the first substrateDates| ud@([@@ﬂ ing the
chip to the first side of the first s ate. 43. The nodul'e of claim40

i n which neans for mechanically hol'ding the heat spreader and chip in a
fixed position relative '
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to the first substrate i nclude: bonding the chip to a fTﬁ-gt;sqwleemac@ﬁgm sheet
second sUbstrhte; bonding the first side oft the second substrate to th

first side of the first substrate to enclose the chip between t

substrates. 44. The nodule of claim40 in which the fl eRatgie- ﬁpﬁg%s a
glass-transition tenperature of less than 25 degrees C. 45. Af chip

package, conprising: a first substrateddfth an ar ray of netal contacts
on a first substrate surface and nmeans for conn to a second

substrat e;
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a sem condugtor flip chip with a first chip surface parallel to the first
substraté surtace and having an area array of netal contacts on the first .
chip surface matching and confronting respective contHYsds the fqma%w_é\hﬁﬂgl
of the first substrate; electrical tonductors extending between respectlve
contacts of the first substrate and chip; a l|ayer of é& |b| l on a
second surface of the chip; and a heat spreader bonde 0 chitp' by the

f1 exi bl e-epoxy; and characterised in t2?5 t he Iayer of erX|bIe epoxy has a
Young's nodul us of |ess
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t han 100,000 ,qosi at 25 degrees C. 40. The package of claim45 in which the
f1 exi bl e-epoxy has a glass transition tenperature of |ess than 25 degrees
C. this is the replacenent Sheet Date: 28/4/98 . 47. An interconnect

structure, .conprising: a first substrate with net contacts, .a. -
sem conductor chip with netal contacts on a fi rst%lﬁgghg;éahcgmem sheet
Date: [G,P’Iq{
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eonductors electrically connecting said netal contacts of the first

substrate afd contacts of the chi p; a layer of flexibf 'ﬁ s 9P %&nﬁ@ﬁ%ﬁdﬂ
surface of the chip; a heat spreader with one surface bonded to the surface

of the chip by the flexible epoxy; means for mechanically hﬂﬁ%m ('t he heat
spreader, chip, and first substrate in a fixed rel atiDatepos and a

Subetrater - afd TARGEEE, @hﬁ@eéﬁﬁ@ggggﬁggg@%mggg&f& S has 2

Young' s nodul us of |ess than 1OB ees C.
ABSTRACT

An aluminum or copper heat sink is attached to a ceramic cap or
exposed semiconductor chip using flexible-epoxy to providé improved
thermal performance. The aluminum may be coated by anodizing or
chromate conversion or the copper may be coated with nickel. Such
structures are especilly useful for CQFP, CBGA, CCGA, CPGA, TBGA,
PBGA, DCAM, MCM-L, single layer ceramic, and other chip carrier
packages as well as for flip chip attachment to flexible or rigid organic
circuit boards. These adhesive materials withstand thermal cycle testsof 0
to 100° C for 1,500 cycles, -25 to 125° C for 400 cycles, and =40 to 140° C -
for 300 cyéles; and withstand continuous exposure at 130° C for 1000 hours

‘without loss of strength. Flexible-epoxies have a modulus of elasticity
below 100,000 psi and a glass transition temperature below 25° C, are much
stronger than typical silicone adhesives, and do not contaminate the module
or circuit board with silicone. The flexible epoxy may contain a material
having a low coefficient of thermal expansion (CTE) in order to provide a
CTE between that of the silicon die and the metal of the heat sink.
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48. The structure of claim mhlch ‘the T flexi bigm ; ( Gass -
transition tenmperature of mnl”j Iﬁﬂ"ﬂm ees C AREAACEMUNEHHERTS  SG
handl i ng system conpr|5| [ate W ?%@m¥bdﬁa%% to; paged ...
senmi conductor chip of a central proceSS|ﬁg uni t - () cdﬁ@ﬁtjgﬂbmﬂﬁﬁ
first surface; conductors electrically.gganecting EMWW&(@I reged a6te P@gfvd---'ﬂ
the first substrate and,@ﬂg aﬁl of the Chlp a | &t Abstkctfl | enpiabtd~Bpopageh..”.
a second surface of the Eﬁ "§E$é @8h w th one surface bonded to

t he surface of the chip by the flexible epoxy; DATE OF RECEIPT 28 APRI- 1998

WNhat is claimad is:

Date: 2€ 4[79' ...................

1. A natnod For producing a chip carrier modula, caomprising:

slectrically connacting a first surface of a seulconductor chip
toc a substrate; _

depositing flexible-epoxy between a second surface of the
semiconductor chip and a heat spreader;

pressing the heat spreader and the chip together; and
heating to cure the flexible-epoxy; and characterised in

that the step of depositing flexible-epoxy which 1is not
fully cured, has a Young’s modulus of less than 100,000 psi
at 25 dagrees C.

2. The method of claim 1 in which the step of depasiting
flexible-epoxy includes the step of depositing fFlexible-epoxy
with a glass transition temperature of less than 25 degress C.

3. The method of claim 1 in which the step of depcéiting
flexible-epoxy includes the step of depositing fFlexible-epoxy
with a glass transition temperature of less than 10 degrees C.

~

4. The method of claim 1 in which the step of depositing:
flexible-epoxy includes the step of depositing an aepoxy with a
glass transition temperature of less than 0 degrees C.

S. The method of claim 1 in which the step of depasiting
flaxible-aopoxy includes the step of depositing flexible-epoxy
with a Young's modulus of less than 50,000 psi at 25 degrees C.-

6. The method of claim 1 in which the step of depaositing
flexible-apoxy includes the step of depositing fFlexible-epoxy
with a Young's maodules of less than 20,000 psi at 25 degrees C.

7. The method of claim 1 in which the step of deﬁositing
flexible-epoxy includes the step of depositing flexible-epoxy
with material properties or Formulation similar to AI Technology
EG 7655. ' : ’

8. The method of claim 1 in which the step of depositing
flexible-epoxy includes the stap of depositing flexible-epoxy



means for nechanically holding the heat spreader, chip, and first substrate
tn a fixed relative position; a second substrate el ect+-cally and
mechani cal |y connected to the first substrate; menory neans electrically -
connected to the chip of the central processing unit; twmm'")m
connected to the second substrate; andiphis is the repl Mmﬂmﬂ
28/ 4/ 98

.'.'

with material properties or formulation similar to ABLEBOND PI -
8971. .

8. A method for producing a chip carrier module, comprising:

electrically connecting a first surface of a semiconductor chip
to a substratas;

depositing flexible-epoxy which is not fully cured, between a
second surface of the semiconductor chip and an eluminum gsurface
of a metal heat spreader;

prassing the heat spreadaer and the chip together; and

heating the module to cure the flexible-epoxy; and
characterised 1in

that ﬁhe step of depositing flexible-epoxy, which is not
fully cured, has 3 Young s modulus of less than 100,000 psi
at 25 degrees C.

10. The methad of claim 9 further comprising the step of

selecting the base of the metal heat spreader from a group
consisting of alminum and copper.

11. A method for proddcing a chip carrier mudule, comprising:

-mounting a semiconductor chip 1n a fixed position an a first
side of a first substrate;

depositing flexible-epoxy between a heat spreader and a surface
an a second side of the First substrate;

pressing the heat spreadsr and the chip together; and

heating the module to cure the Flexible-epoxg. and
characterised in

that the step of depositing flexible-epoxy, which 1is not
fully cured, has a Young’s modulus of less than 100,000 psi
at 25 degrees C.

12. The methad of claim 11 in which the first substrate is
ceramic.

13. The method of claim 11 1n which the atep of depositing
flexible-epoxy includes the step of depositing Flexihle-epoxg
with a grass transition temperature of less than 25 degrees C.
14%. The methdd of claim 11 further comprising the step of

bonding the semicaonductor chip to a surface of the substrate
on the first side of the substrate. -

This is the réplacement sheet
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19 - input/output nmeans connected to the second substrate; and:

tharacterised in that the layer of flexible-epoxy has a—¥euﬁg—s—ﬁﬁdu%us—e%—
| ess than 100, 000 psi at 25 degrees C. 50. The structure

whi ch the flexible-epoxy has. a glass tr.gssition tenperat u“ﬁ'“ﬂ" m‘u‘mﬁ IﬂS
degrees C. This is the replacenent sheet Date: 28/4/98

15. The method of claim 11 further comprising the steps of:
bonding the semiconductor chip to a second sunstrate; and

bonding the first and second substrates together to enclose
the chip between the substrates.

16. A method Far producing a flip chip packége, comprising:

positioning a semiconductor flip chip on a surface of a

substrate with a grid array of aelectrical connectors extending
from a firast, confronting surface of the chip to a matching grid
array of connectors on the substrate;

heating to nechdnicallg and electficallg interconnact the chip
te the substrate;

depositing flexible-epoxy between a second surface of the chip
and a heat apreader;

pressing the hsat spreadsr and the chip together; and

heating the module to cure the flexible—-epoxy; and
characterised 1in

that the step of depositing flexible-epoxy which 1is not

fully cured, has a Young's modulus of less than 100,000 psi
at 25 degrees C. _

17. The method of claim 16 further comprising the step of
selaecting a metal heat spreader.

18. The method of claim 16 further comprising the step of
selecting a ceramic substrate.

189. The method of claiﬁ 168 in which the step of depositing
flexible-epoxy includes the step of deposing flexible epoxy
with a glass transition temperature of less than 25 degress C.

20. A method for producing an interconnect structure, comprising:

electrically connecting a.first surface of a semiconductor chip
to a first substrate; :

depositing Flexible-epoxg between a second surFace of the
semiconductor chip and a heat spreader;

pressing the heat spreader and the chip together; and
elavating the temperature of the module to cura the

flexible—-epaxy; and characterised in further comprising
the steps of '

This is the replacement shest
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20 a heat spreader with one surface bonded to the first surface of the chip
by the flexibl e-epoxy; nmeans for nmechanically hol di ng the-heat—sptreader;—

chip, and first substrate in a fixed relative position; and a seiﬂﬁﬂu!-?" -

substrate electrically and nechanicall¥4connected to th@J |u ﬂ| H
48. The structure of claim40 in which fhe flexible-epoxy

transition tenperature of |ess than 25[err] and a Young's nodul us of

positioning a second surface of the first substrate 1in
parallel contact with a surface of a second, larger substrate;
and :

connecting between means for elactrical and mechanical connection
of the first substrate and confronting means far electrical and
mechanical connection of the second substrate to farm an
interconnect structure; and characterised in

that the step of depositing flexible-epoxy which is not
fully cured, has a Young's modulus of less than 100,000 psi
at 25 degrees C. .

21. The netho& of claim 20 in which the step of depositing

flexlble—-aepoxy includes the sﬁep of depositing flexible-sespoxy
with a glass transition temperature of less than 25 degrees C.
22. A mathod fFor producing an interconnect structure, comprising:

mounting a8 semiconductor chip in a fixed position an a first
side of a first substrate; '

depositing flexible-epoxy between a heat spreader and a surface
on a second side of the first substrate;

pressing the heat spreader and the chip together; and

heating the module to cure the flexible-epoxy; and
characterised in further comprising the step of

electrically interconnecting between metal contacts on the chip
and metal contacts on a second substrate; and characterised in

that the step of depositing flexible-epoxy which is not

fully cured, has a Young's modulus of less than 100,000 psi
at 25 degrees C. '

23. Ths methad of claim 22 further comprising the step of
selecting a ceramic material for the first substrate.

24%. The methed of claim 22 in which the step of depositing
flexible-epoxy includes the step of depositing flexible-epoxy
with a glass transition temperature of less than 25 degrees C.

25. A method for producing an information handling system,
comprising: '

alectrically connacting a first surface of a semiconductor chip
of a central processing unit to a first substrate;

depositing flexible—epoxy between a second surface of the
semiconductor chip and a heat sgpreader;

pressing the heat spreadar and the chip together; and
|  io 16 U replacement shieot
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| ess than 100, 000 psi at 25[err]. 49. An information handling system
tonprising: a first substrate with netal contacts; a sem conductor cC

a central processing unit with netal contacts on a first

conductors electrically connecting between netal cont ac‘t ,mmmﬂgnu Imum
substrate and contacts of the chip; a ﬂéyer of flexible- epOoxXy2aN.d; S

surface of the chip; a heat spreader with one surface bond€d {& the fi*rst

surface of the chip by the flexible-epoxy; neans for mechanically hol ding
t he heat spreader, chip, and first

elevating the temperature of the module to cure the
flexible-epoxy; and characterised in further comprising
the steps of

positioning a second surface of the first substrate in
parallel contact with a surface of a second, larger substrate;

connecting between means for electrical and mechanical connectian
of the first substrate and confronting means for electrical and
mechanical connectiocn of the second substrate toc form an
interconnect structure; and

connecting the interconnecting structure with power supply means,

and input/output means to form an information handling system;
and characterised in

that the step of depositing flexible-epoxy which 1is not

fully cured, has a Young's modulus of less than 100,000 psi
at 25 degrees C.

26. The method of .claim 25 in which the step of depositing
flexible-epoxy includes the step of depositing flexible-epoxy
with a glass transition temperature of less than 25 degrees C.
27. A chip carrier module, comprising:

a first substrate-

a semiconductor chip connected to the first substrate;

a layer of flexible epoxy on a First surface of the chip;

& heat spreader with a surface bonded to the first surface of
the chip by the flexible-epoxy;

means for mechanically holding the heat spréader and chip
in a fixed position relative to the first substrate; and .

means for connscting the first substrate to anocther substare;
and characterised in that

said layer of flexible-epoxy has a Young’'s modulus of
less than 100,000 psi at 25 degrees C.

28. The module of claim 27 in which the flexible-epoxy has
a glass tramsition temperature of less than 25 degrees C.

29. The mudule of claim 27 in which the flexible-epoxy has
a glass transition temperature of less than 10 degrees c.
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substrate in a fixed relative position; and a second su?;%iglgigjggiiggﬂiy
and nechanically connected to the first substrate; This eet Has Been

Repl aced 21 menory neans electrically connected to th ' ! mmlunm
central processing unit; power supply neans connected tojt\“mgm m‘
substrate; and -16 - R

30. The modula of claim 27 in -which the flexible-epoxy has
a glass transition temperature of leass than 0 degraes C.

31. The moduls of claim 27 in which the flexiblas-epoxy has
a Young's modulus of less than $0,000 psi at 25 degrees C.

32. The module of claim 27 in which the flexible-epoxy has
a Young's madules of less than 20,000 psi at 23 degrees C.

33. The module of claim 27 in which the Flexible—dpoxg has
abaut the same material propertias or fornulatlon similar to
AXI Technolagy EG 7855.

3%. The module of claim 27 in which the flexible-epoxy has
about the same material properties ar formulation similar to
ABLEBOND PI - 8971.

3

35. A module of claim 27 in which the heat spreader includes
an aluminum basa.

36. The module of claim 35 in which the heat spreader has
an anodize caeating. _

37. The module of claim 35 in which the heat spreader has
a chromate converslon coating.

38. The modules of claim 27 in which the ﬁeat spreader includes
a base of copper.

39. The module of clain 38 in which the heat spreader has
a M1 coating.

%0. A ch;p'carrier mgdule, comprising:
a first substrate;

a semiconductor chip positicned an a first side of the first
substrate;

a layer aof Flaxibla-epoxg an- a second side oF .the first
substrate;

a heat sprsader-witn one surface bonded tﬁ the secaond side of
the first substrata;

means faor mechanically holding the heat spreader, chip, and
first gubstrate in a fixed relative positlon, and
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|nput/out put neans connected to the second substrate. 50. The structure of
claim40 in which the flexible-epoxy has a gl ass tranS|t|9n—Lenﬂnrafurp of

| ess than 25[err] and a Young' s nodul us of l.ess than
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means for electrically connecting the chip to another substrate;
and characterised in

that the layer of flexible~-epoxy has a Young's modulus of less
than 100,000 psi at 25 degrees C,

41. The module of claim 40 in which the first substrate
comuprises a ceramic material.

42. The module of claim %0 in which means for mechanically
.holding the heat spreader and chip in a fixed position relative
to the first substrate include, bonding the chip to the first
side of the first substrate.

%3. The module of claim %0 in which means For mechanically _
holding the heat spreader” and chip in a fixed position relative
to the first substrate include:
bonding the éhip to a firat side of a second substrate;
bonding the first side of the second suybstrate to the first
gidae of the first substrate to enclose the chip between the
substrates. :
4%, The module of claim 40 in which the flexible-epoxy has
4 glass transition temperature of less than 25 degrees C.
45. A flip chip package, comprising:

" a first substrate with an area array of metal contacts on
8 first substrate surface and means for connection to a
second substrate;
a semiconductor Flip chip with a first chip surface parallel

to the first substrate surface and having an area array of

" metal contacts on the first chip surface mastching and
confroenting reapective contacts of the areu array aof the
First substrata-

eloctrical conductors extanding between respective contacts
of tha first substratae and chip;

a layer of Flexible-epoxg on a aacnnd surface of the chip: and

a heat spreader bonded to the chip by the flexible-aepoxy; and
characteriaed in

that the layer of flexible-epoxy has a Young’'s modulus of less
than 100,000 psi at 25 degrees C. ‘

46. The packags of claim 45 in which the flexible-epoxy has
a glass trangition temperature of less than 25 degreaes C.
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47. An interconnact structure, comprising:
a First substrate with metal contacts;
a samiconductor chip with metal contacts on a8 first surface;

conductors alectrically connecting said metal contacts of the
first substrate and contacts of the chip;

a layer of flexible-epoxg on a secnnd surface of the chip;

a heat spreadar with one surFace bonded to the surface of
the chip by ths flexible epoxy;

means for nechanicallg,nolding the heat spreader, chip, and
first substrate in a fixed relative position; and

a second substrate electrically and mechanically connected to
the first substrate; and characterised in

that the layer of flexible-epoxy has a Young’s modulus of less
than 100, 000 psi at 2S5 degraes C.

48. The structure of claim 47 in which the flexible—-epoxy has
a glass transition temperature of less than 25 degrees C.

us;-An information handling system, comprising:
a first substrate with metal contacts;

a semiconductar chip of a central processing unit with metal
contacts on & fFirst surFace-

conductors eloctricallg connecting said metal contacts of the
first substrate and contacts of the chip;

a layer of Flaxibla-epnxg on a second surface of the chlp;:

a heat spreader with one surface tonded to the surface of
the chip by the flexible epoxy;’

means for mechanically holding the heat spreader, chip, and

first substrate in a fixed relative position;

a second substrate electrically and mechanically connected to
the first substrate; .

memory means electrically connected to the chip of the central
processing unit;

power supply means connected toc the second substrate; and
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input/cutput means connaected te the second aubstrate and
characterised 1in

that the layer of flexible-epoxy has a Young's modulus of less
than 100,000 psi at 25 dagraeaes C.

§50. The structure of claim 49 in which the flaxible-epoxy has
a glass transition temperature of less than 2S5 degrees C.
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