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3

4 1. Technical Field

5. The present invention relates generally to Integrated Circuit (IC) packages
6 and more specifically to plastic pin grid array (PGA) IC packages.

7 .

8 2. Discussion of the Prior Art

. .

10 | A Pin Grid Array (PGA) package is a square or rectangular Integrated
11 | Circuit (IC) package with rigid pins coming out the bottom for inserting into
12 sockets. Because a PGA package may be inserted into a socket, such és a Zero
13 Insertion Force (ZIF) socket, where it will be retained without soldering, PGA.
14 packages are readily interchangeable. When it is desired to replace a PGA
15 package, the existing PGA package may be readily and quickly removed by
16 simply popping the existing PGA package out of its socket and inserting a new
17 PGA packa’ge in its place. PGA packages have been used for approximately 20
18 to 25 years and are especially popular in the Personal Computer.(PC) industry
19 due to the interchangeability they provide. As mitroprocessor IC chips become
20 faster and faster, the PGA package in which they are housed may be easily
21 removed and replaced with a PGA package housing a faster microprocessor IC
22 chip. ' '

23

24 A ceramic PGA package is a hermetically sealed PGA package that has a
25 ceramic substrate and Tungsten conductors. Becausé ceramic PGA packages
26 are hermetically sealed they experience no corrosion due to moisture, are highly

27 reliable and have a very long life which may be fifty years or more. Because



13 I nsertion Force (ZIF) socket, where it wll be retained w thout
sol'deri ng, PGA 14 packages are readily interchangeable. Wen it is
desired to replace a PGA 15 package, the existing PGA package may be
readily and quickly renoved by 16 simply popping the existing PGA
package out of its socket and ingerting a new 17 PGA package in its
pl ace. PGA packages have been used for approxinmately 20 18 to 25 years
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7 While ceramic PGA packages offer advantages of reliability and long shelf-
8 life, a well known problem is that ceramic PGA packages are expensive to
9 manufacture because they are made of ceramic. Additionally, ceramic PGA
10 - packages use Tungsten conductors which are high resistance contacts that may
11 introduce delays for high speed IC devices housed in the ceramic PGA package
12 as a function of the IC device substrate size.
13
14 Because of the expense and performance problems associated with
15 ceramic PGA packages, users of PGA packages, such as personal computer
16 manufacturers, have been using as an alternative to a ceramic PGA package an
17 Adaptor referred to as an Interposer in some low cost, low power computer
18 applications. Referring to Figure 1, a view of such an Adaptor 10, known in the
19 art, is shown. An Adapter 10 allows an IC deviée in a Quad Flat Pack (QFP)
20 package to be used in applications which require a Pin Grid Array (PGA)
a package. The QFP package which houses the IC is soldered onto a PGA
22 package base. Adaptor 10 allows a QFP integrated circuit device 18 to be used
23 ina through-holé circuit board. The adaptor pins 16 connect the I/O signal leads
24 of the QFP 18 through a support base 14 directly to corresponding PGA package
25 pins 12. This type of package, which costs less than the cost of using a ceramic
26 PGA package, has limited thermal dissipation characteristics, but may be
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2 1 ceram ¢ PGA packages have been used in the art for severa

years, they have a 2 very stabl e production. Ceram c PGA packages are
very popular in the PC 3 i ndustry and in mlitary applications
because of their high reliabiligy and long life. 4 Ceram c PGA
packages are suitable for housing devices having operating 5 speeds
of less than approximtely 200 MHz. 6 7 Wil e ceram c PGA

packages suffisientifant persenal carhpater! applicationsoneqalrig -a o cost! phaekage
wel I known Problen1|s that ceram c PGA packages are expensive to 9

mandif act us@lutiaomand noncstringentthesmal requicementsaddi ti onal |y, ceranic PGA 10
packages use Tungsten conductors which are high resistance contacts that
may? 11 i ntroduce del ays for high speed I C devices housed in the ceramc
PGy package 12 a5 th@Sphicd " IEBhik, 'slitn' Ss 8¥hESI Brodedshs dnf(cPU) and
5 microprocessor chips, continue to drop in cost and to increase in speed, there is
6 an unmet need in the art to find an alternative to expensive ceramic PGA
7 packaging that is much lower in cost and has enhanced speed and thermal
8 characteristics. = Major factors for an alternative to ceramic PGA packaging
9 include: market acceptance by Original Eduipment Manufacturers (OEM), lower
10 . cost than ceramic PGA packages, compatibility with existing ceramic PGA
11 packages, manufacturability in existing assembly lines, reliability, and suitability
12 for use with high speed IC devices characterized as having switching speéds in
13 excess of approximately 150 MHz. |
14
15 There is currently no PGA package that meets all of these factors. There is |
16 thus an unmet need in the art to find an alternative to ceramic PGA packaging
17 that is much lower in cost, that has enhanced speed characteristics, that is
18 compatible with other PGA packages currently available, that is readily
19 manufacturable, that is sufficiently reliable, and that has enhanced thermal

20 characteristics.
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13 14 Because of the expense and perf:ormance probl ens associ at ed

wth 15 ceram ¢ PGA packages, users of PGA packages, such as personal
conmputer 16 manuf act urers, hav? been using as an alternative to a
ceram ¢ PGA package an 17 Adaptor referred to as an Interposer in sone
| ow cost, | ow power conputer 18 applications. Referring to Figure 1, a
vi ew of such an Adaptor 10, known in the 19 art, is shown. An Adapter
10 ,allows an I C devise in a QJFMM package to be used
in lappl i cations which require a ﬂ%. q'lerra E@‘”&l package. The
QFB package whi ch houses the IC is sol dered onto a PGA 22 package base.
Adaptor 10 allows a QFP integrated circuit device 18 to be used 23 in a
t hrsough- hol e cltrismrtoh;eet df thEniaverition ¢o provide 15 PGApackagedhat i3 compatible
| eads 24 of the QFP 18 through a supporti base 14 directly to
cordr esponWi H@W%Sﬁkﬂg& PGA packages.12. This type of package, which costs
| ess than the cost .of using a ceramc 26 PGA package, has limted
thérmal di ssi pati.on characteristics, but may be
6 ~ It is another object of the invention to provide a PGA package that is
7 capable of dissipating heat in high speed applications.
8 .
9 It is yet another object of the invention to reduce the high resistance caused
10 - by Tungsten conductors of existing ceramic PGA packaging'which has the effect
11 of reducing chip performance by introducing delays.
12 .
13 It is another object of the invention to reduce the weight of a PGA package.
14
15 It is yet another object of the invention to provide a PGA package that is
16 less costly to produce than existing ceramic PGA packaging.
17 '
18 It is further another object of the invention to provide a PGA package
19 suitable for use with high speed IC devices having’switching speeds in excess of
20 approximately 150MHz.
21
2 In accorda_nce with the present invention, a plastic pin grid array (PGA)
23 package provides an alternative to ceramic PGA packaging and is much lower in
24 cost, compatible with existing ceramic PGAs, can be manufactured in existing
25 assembly lines, is suitable for higher than 150 MHz switching speeds of IC
26 devices such as CPUs, and is capable of dissipating heat in high speed

27 applications. A plastic pin support is used to hold conductor pins in alignment, for



3 1 sufficient for personal conputer applications requiring a | ow
cost package 2 solution and non-stringent thermal requirenents. 3 4
As the price of 1C chips, such as central processing unit (CPU) and 5

m croprocessor chips, continue to drop in cost and to increase in speed,

there is 6 an unnet need in theg art to find an alternative to
expensi ve ceramc PGA 7 packaging that I's nmuch |lower in cost and has
enhgnced dedritaetag f
't arnat | voeeicdledmacyin S printed et tioahy it g focket, STNEATINE Gfoul,
Ori gi nal Hopandrisitmobntetiaoh ther plastiENdin support wifich |s élé&!nddl'l?“c@rﬁ@é’féa BGA
packages, conpatlblllnda\m th existing ceramc PGA packages, -
nan af act urrmeotlyeuco icten pips «of thetplastic pm;supp@ntab‘k firstyadhesive Uayek)i sudhy
for use with hi speed Ig devices characterized as having sw tching
speéds i n 83 £POXy eQq ngfsﬂélﬁﬁr lersmeenpects @ siiicon chip housed in the plastic
5 PGA package to a heat sink and conducts heat from the silicon chip to the heat
6 sink. The first adhesive layer also absorbs thermal expansion variations between
7 the silicon. chip and the heat sink during thermal cycles. A second adhesive layer
8 connects the printed circuit board to the heat sink. Separation between the
9 silicon chip and the printed circuit board is provided by a gap therebetween which
10 - is filled with a protection layer, such as epoxy, to provide protection and maintain
11 separation between the silicon chip and the printed circuit board. The heat sink
12 made of formable metal, such as anodized Aluminum, is formed around the
13 silicon chip, the printed circuit board, and the plastic pin support providing heat
14 dissipation and protection to the plastic pin support, the printed circuit boad and

15 the silicon chip.

16
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factors.

There is currently no PGA package that neets all of these
There is 16 thus an unnet need in the art to find an

alternative to ceram c PGA packaging 17 that is nmuch |lower in cost,
t hat has enhanced speed characteristics, that is 18 conpatible with
ot her PGA packages currently availdle, that is readily 19
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20 charact e BRIEFDESGRIPTION OF THE DRAWINGS
SUMMARY OF THE | NVENTI ON
The novel features believed characteristic of the invention are set forth in
the claims. The invention itself, however, as well as a preferred mode of use, and
further objects and advantages thereof, will best be understood by reference to
the following detailed description of an illustrative émbodiment when read in
conjunction with the accompanying drawings, wherein:

Figure 1 is a side view of an adaptor, which converts a Quad Flat Pack
(QFP) package into a Pin Grid Array (PGA) package, known in the art: |

Figure 2 is an expanded cross-sectional view of a plastic pin grid array
package, according to the present invention;

Figure 2a is a cross-sectional view of a plastic pin grid array package

showing an epoxy filled cavity according to the present invention;

Figure 2b is a plane view of a plastic pin grid array packagé according to

the present invention;

Figure 3 is an illustration of electrical traces of the type commonly found
on printed circuit boards and known in the art; ‘

Figure 4a is a view of a flat heat sink known in the art; and

Figure 4b is a view of a "Pin-Fin" heat sink known in the art.



2 3 It is an object of the invention to provide a PGA package
that is conpatible 4 W th existing ceram c PGA packages. 5 6.

It is another object of the invention to provide a PGA package that is 7
capabl e of dissipating heat in hig@-speed applications. 8 9 |t

I s yet another object of the invention to reduce the high resistance caused
10 by Tungsten conductors of existing ceram c PGA packagi ng which has

thejeffect 11 of reduci DESCRIPPRONCD £ INVENTIoNUci ng del ays. 12 13

It is another object of the invention to reduce the weight of a PGA

package. 14 15 It is yet another object of the invention to provide
a PGA package that is 16 | ess costly to produce than existing ceramc
PGA3packagi ng. Refergng to Figure 2, a views of arplastic:RinGridtAreay (PIGA)package,
& vt oMY 15 b ngRBE LR, dn i e st PGA package 30
5 comprised of conductor pins 22, a plastic pin'support 24, a printed circuit board
6 (PCB) 28 containing electrical traces, a connecting wire 32, a silicon chip 34, and
7 a heat sink 40. Each conductor pin 22 is soldered to the PCB 28 with a solder
8 joint 26 through the plastic pin support 24. The conductor pins may be gold
9 plated or ahy other conductive material. The plastic pin support 24 is used to
10 - hold each conductor pin 22 in alignment, for electrical contact, with a respective
1 electrical trace of the PCB 28 and a socket such as a Zero Insertion Force (ZIF)
12 socket into which the plastic PGA package 20 may be pléced. The respective
13 electrical traces on PCB 28 to which each conductor pin 22 is connected are well
14 known in the art and are shown in Figure 3. As is known in the art, the exact
15 arrangement of eiectrical traces is determined by the board fayout and other
16 considerations.
17 _
18 The silicon chip 34 is attached to the heat sink 40 with an adhesive layer
19 38 which alleviates mechanical stress caused by dilicon chip 34 and heat sink 40
20 having different thermal expansion rates. Additionally, adhesive layer 38
21 provides mechanical protection for the connecting wire 32 on silicon chip 34.

Adhesive layer 38 may be an epoxy layer, such as Ablestik 8355F epoxy with
silver fillers. Silicon chip 34 is separated from the PCB 28 by a gap 36. Gap 36

between the silicon chip 34 and the PCB 28. Protection layer 37 may be a
protective material, such as Hysol 4450 epoxy. A connecting wire 32 connects
27 the PCB 28 to the silicon chip 34. The PCB 28 may be a multi-layer fiberglass

2
23
24 is filled with protection layer 37 to provide protection and maintain separation
25
26



20 approxi mately 150MHz. 21 22 : In accordance with the
present-invention, a plastic pin grid array (PG 23 package provides
an alternative to ceram c PGA packaging and is nuch lower in 24 cost,
conpatible with existing ceram c PGAs, can be manufactured in existing 25
assenbly lines, is suitable for higher than 150 MHz switching speeds of IC
26 devi ces such as CPUs, and is capable of dissipating heat in high
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pins in alignnent,
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printed circuit

3 systems well known in the art. The heat sink 40 has a top portion 44 and side
4 portions 42 that are formed around the plastic pin support 24, the PCB 28, and
5 the silicon chip 34 as shown. The active surface of silicon chip 34 is in contact
6 with protection layer 37. |
7
8 In addition to alleviating mechanical stress adhesive layer 38 has thermally
9 cbnductive properties which facilitate heat dissipation from the silicon chip 34 to
0 - the heat sink 40. Adhesive layer 38 may also ha\)e electrically conductive
11 properties, provided by silver fillers contained within adhesive layer 38, to
12 increase thermal conductivity and to provide an electrical ground from the éilicon'_
13 chip 34 to the heat sink 40.
14 ,
15 The thickness of heat sink 40 will vary with the surface area of the IC
16 silicon chip 34. The larger the silicon chip 34, the thicker heat sink 40 will be.
17 For example, a silicon chip having 168 conductor pins will have a heat sink
18 thickness of 0.025 inch mil while a configuration with 296 conductor pins will have
19 a heat sink thickness of 0.040 inch mil. The heat sink 40 may be made of any
20 malleable metal, including copper and aluminum, that may conform over the top
21 and around the sides of the package.
2
23 PCB 28 ié attached to heat sink 40 by applying an adhesive layer 46, such
24 as Epotek H72 epoxy, between the PCB 28 and heat sink 40 as shown in the
25 lower left corner of Figure 2. In addition to epoxy, adhesive layer 46 may be
26 made of other thermosetting adhesives including, but not limited to, the following:

27 phenol formaldehyde (phenolic), resorcinol, phenol-resorcinol, urea



2 board is nounted on the plastic pin support which is electrically
connect'ed to 3 respective conductor pins of the plastic pin support.
A first adhesive |ayer, such 4 as epoxy containing silver fillers,
connects a silicon chip housed in the plastic 5 PGA package to a heat
sink and conducts heat fromthe siligon chip to the heat 6 si nk. The
first adhesive | ayer al so absorbs thernal expansi on variations between 7
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sing 12 made of formable nmetal, such as anodi zed Al um num is forned
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7 approximately 22 degrees Celsius to an operating temperature of approximately

8 100 degrees Celsius. Silicon chip 34 has a typical thermal expansion rate of
o approximatély 4 parts per million per degree centigrade (ppm/°C) while heat sink
0 - 40 has a much higher_ thermal expansion rate. For example, a copper heat sink
11 has a therm_al expansion rate of 15 (ppm/”C) and an aluminum heat sink has a
12 thermal expansion rate of 22 (ppm/°C). Thus silicon chip 34 will experience much
13 less expansion over a given temperature change than will heat sink 40. This .
14 difference in thermal expansion rate between the silicon chip 34 and the heat sink
15 40 would introduce mechanical stress if silicon chip 34 and heat sink 40 were
16 directly connected without benefit of a buffer. Adhesive layer 38 has silver fillers
17 for conductivity and is used as a buffer between heat sink 40 and silicon chip 34
18 to alleviate this mechanical stress. Additionally, silver fillers may be used in
19 adhesive layer 38 to improve the conductivity betveen silicon chip 34 and heat
20 sink 40.
21
2 The present invention offers several advantages over the prior art. First,
23 formed heat sink 40, made of a malleable metal such as anodized Aluminum,
24 provides rigidity and mechanical reliability to the plastic PGA package. Second,
25 formed heat sink 40 provides maximum strength for minimum weight and
26 maintains the flatness of the plastic PGA package. Third, heat sink 40 protects

27 plastic pin support 24, PCB 28, and silicon chip 34 from mechanical damage and



6 1 - BRI EF DESCRI PTI ON OF THE DRAW NGS 2
3 - K The novel features believed characteristic of the invention
are set forth in 4 the clains. The invention itself, however,
as well as a preferred node of use, and 5 further objects and
advant ages thereof, w Il best be uﬂHerstood by reference to 6

the followi ng detailed description of an illustrative enbodi nent when read
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8 Figure 1 Ts a SI view of an adapt or

conyerts aFl@und Raptprowides relativelylfittle prb@%ﬁbnpmhﬁgﬂecnéﬁloal Fﬂémggedand
Array (PGA) package, known in the art;

3 moisture infusion of the silicon chlp which it houses. A "Pin-Fin" heat sink, also
4 known in the art and shown in Figure 4b, provides protection from mechanical
5 damage and moisture infusion, but is disadvantaged by its size and weight.
6 Fourth, formed heat sink 40 makes the plastic PGA package cosmetically and
7 dimensionally compatible with a conventional ceramic PGA package known in the
s art. Fifth, formed heat sink 40 makes the plastic PGA package easier to
9 manufacture by using the side portions 42 of heat sink 40 as rough guides during
0 - stacking of the PCB 28 and plastic pih support 24. Finally, formed heat sink 40
11 helps to contain adhesive layer 46 before it is cured and hardens.
12
13 Another advantage of the present invention is that plastic has a Iower'
14 material cost, approximately 50% lower, than dogs céramic. Additionally: the
15 plastic PGA package is lighter and has a shorter tdoling time than the ceramic
16 PGA package while maintaining pin compatibility with ceramic PGA packages.
17 While the plastic PGA package is not hermetically sealed, the operating
18 temperature inside the plastic PGA package for a high speed silicon chip may
19 exceed 100 degrees Celsius thereby evaporating’moisture and greatly reducing
20 the probability of corrosion due to moisture infusion.
21 _
22 Yet a further advantage of the present invention is that the plastic PGA
23 package has a 'higher electrical performance than a ceramic PGA package for
24 high speed applications. The plastic PGA package uses copper rather than
25 Tungsten conductors which produces less resistance and thus shorter timg
26 delays for high speed silicon chips. A plastic PGA package is capable of

27 supporting high speed silicon chips having switching in excess of approximately



11 12 Figure 2 is an expanded cross-sectional view of a

plastic pin grid array 13 package, according to the present

i nventi on; 14 15 Figure 2a is a cross-sectiona
view of a plastic pin grid array package 16 showi ng an epoxy
filled cavity according to the preseh& I nventi on; 17

Figure 2b Is a plane view of a plastic pin grid array package according to
19 1 the150eliHz, whiclnis the limit for a ééramic PGA package. Thus afsilicore chif S
an illustration of electrical traces of the type comonl.y found
on rintedhavinguia $whchingaspeedoaf appraximately 300 MHz 2$or mstance24would
Figure 4a is a view of .a flat heat sink known in th
26 3 experieng@ nainimumsdelays df heused inthe-piastic R&A o§ mm pkﬂSﬁm mvienhm
art. 27

4

5 A plastic PGA package provides an altemative to ceramic PGA packaging
6 that is much lower in cost, reduces weight, is pin compatible with existing ceramic
7 PGA packages, is manufacturable in existing assembly lines, is .reliable, is
8 suitable for higher than 150 MHz switching, and dissipates heat in high speed
9 applications. |
10 . | |

11 While the invention has been particularly shown and described with
12 reference to a preferred embodiment, it will be understood by those skilled in the
13 art that various changes in form and detail may be made therein without departing.

14 from the spirit and scope of the invention.
15
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DESCRI PTI ON OF THE | NVENTI ON

Referring to Figure 2, a view of a plastic Pmpackage

4 according to the present invention, is shown, PGA package
20 is conprised of conductpy pins 22, ﬁ‘ﬂ‘g ﬂm‘\ H‘ﬁport 24, a
printed circuit board 6 (P 28 contain races,
conduct ”%5@?3@5'@8 ff8red to the POB 28 with a solder 8 ] o.Eﬁfhze
o ol Bt ocaee SaAa . o Tl 34 2 e
to 10 hoI d each conductor pin 22 in alignnent, for el é’tms iSb;EET(t-MStBEEN
withy a respective - REPLACED '

4 a pIasﬁc pin support having-a side portion and a plurality of conductor pins

5 extending from one face to the opposite face théreof;

6

7 a printed circuit board mounted on the plastic pin support having a top

8 portion, a side portion, and a plurality of electrical traces, wherein each conductor

9 pin of the plurality Iof conductor pins is electrically connected to a respective

10 electrical trace of thé plurality of electrical traces;

11

12 a silicon chip having a first thermal expansion rate;

13

14 a heat sink having a top portion, a side portion, and a second thermal

15 expansion rate; ,

16

17 a first adhesive layer connecting the non-active surface of the silicon chip

18 to the top portion of the heat sink, for conducting heat from the silicon ¢hip to the

19 heat sink and for absorbing thermal expansion variations between the first

20 thermal expansion rate of the silicon chip and the second thermal expanéion rate

21

of the heat sink over changes in temperature during a thermal cycle;

This Sheet Has Been Replaced
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'11 " electrical trace of the PCB 28 and a socket such as a Zero Insertion
Force ¢ZIF) 12 socket into which the plastic PGA package 20 may be
pl aced. The +espeetive 13~ electrical traces on PCB 28 to which each

conductor pin 22 j are weig 14 known i, art and are
shown in Fi gu-i1 l‘ﬂm\ﬁmﬁ in the art, the exact
electrical tr eI >L rsm red by the board |ayout 4
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conki derations. 17 18 The silicon chip 34 rs—atid F10
heat sink 40 with an adhesive layer 19 38 which alleviates nmechanical
stress caused @& secondadhesiye layerneonnegting the tap portion Qfa&'lengr iated sireuit
thermal expansion rates. Additionally, adhesive |ayer 38 21 provi des
mechani calpgdrgt RF the top Portibr ofathecheatngink, tive I2atrsink! b@ing fonmed3éve? 2he
Adhesi ve | ayer may be an epoxy |ayer, such as Abl estik 8355F epoxy with

38
23 si | L r i o i ' ™ she PCB 28 by a
gap436. Gapégé%é bl{{ g“ﬁﬁ’%ﬁfﬁﬁﬁﬂ‘%&t"ﬁcgﬁcﬂ%ﬁ 16%)'?1& ﬁaé;glrh%qrqm ‘or ovi de
protection and mai ntain separation 25 bet ween the silicon chip 34 and
thesPCB 28. Protection |ayer 37 nmay be a 26 protective material, such
as Hysol 4450 epoxy. A connecting wire 32 connects 27 the PCB 28 to the

sil con chip 34 pidtectici 1agenfor maintainihg iseparatiort between the silicon chip and

7 the side portion of the printed circuit board and protection over an active surface
8 of the silicon chip; and

9

10 ~ a means for electrically connecting the silicon chip to the printed c':ircuit‘
11 board.

12

13 2. The package of claim 1, wherein the printed circuit board includes a plurality of
14 layers of fiberglass laminate.

15

16 3. The package of claim 2, wherein the plurality of l;yers of fiberglass laminate are
17 a plurality of metal layers.

18 |

15 4.  The package of claim 2, wherein the printed circuit board includes a plurality of at

20 least four layers of fiberglass laminate.

21

This Sheet Has Been Re;
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8 1 | amnate 1 ncluding a four Ia'y'er fiberglass | am nate nade of FR4

(Fire Ret ardan ) fiberglass, BT Resin,p=
types of fibe Flllﬁml“ mm!mm systens wel |. known {i
sink 40 has a t:0pcpot non and side 4 -~ portiong 42 tﬂ@,fb;_@;g
around the plastic pin support 24,14he PCB 28, and 5 the icon .
34 as shown. Th actl e surface of ?Hl e

i th Sy ot S0 pACKAGR oY Stelm 4, wherein the af feast i fayets of Mo dlasE lamiate are
mechani cal stress adheS| ve |layer 38 has thermally 9 . conductive
properti emetal tdydrsci | itate heat dissipation fromthe silicon chip 34 to
10 the heat sink 40. Adhesive |layer 38 may al so have electrically
conijuct ive

4 6. The package of claim 1, wherein the printed circuit board is made of FR4 (Fire

5 Retardant Class 4) fiberglass.

7 7. The package of claim 1, wherein the printed circuit board is a BT Resin

8 fiberglass.

10 8. The package of claim 1, wherein the printed circuit board is a DriClad fiberglass.
11

12 9. The package of claim 1, wherein the first adhesive layer is an epoxy layer.

13 |

14 10. The package of claim 9, wherein the first adhesive layer is a Ablestik 8355F
15 epoxy layer.

16

17 11. The package of claim 1, wherein the second adhesive layer is an epoxy layer.

18

19 12. The package of claim 11, wherein the second adhesive layer is a Epotek H72

i ii‘ii\‘f f\ii‘ il



11 properties, provided by silver fillers contained w thin adhesive
| ayer 38, to 12 I ncr ease thermal cond m “mummlll'ﬁ" ovi de an
el ectrical ground fromthe silicon T Hn at sink 40. 14

15 The thi ckness of heat ?h k 40 wi*l | Svaty %ith t*he surface area
of the IC 16 silicon chip 34. e larger the silicon chip 34, the

t hi havi ng 168
con l<1€)‘{or pI nééak?élg CLA'HPﬁ'e‘gelé lﬂ@{@[@t@éﬁﬁﬁi@ kgbfé%&%gyegch m |
while a configuration with 296 conductor pins will have 19 a heat sink
t hizZkness of 0.040 inch ml|. The heat sink 40 may be made. of any 20
mal | eabl e nmetal, including copper and al um num that may conform over the

tops2Md. Thenpackagedof blaim 435 whieréinettenpratectioRlayér is a Hysol 443@3e§8x'g$
attached to heat sink 40 by applying an adhesive | ayer 46, such

Epoj ek H74aﬁgoxy, bet ween the PCB 28 and heat sink 40 as shown in the 25

| ower |eft "comer of Figure 2. In addition to epoxy, ai?esrvewkaﬁeﬁ—46—ﬁa

be 26 made of other thernosetting adhesives incl uffH SHEET HAS BEEN | ed
to,5the follow ng: 27 phenol formal dehyde (phenollc) REPKAQE@ClnoI

phenol -resorcinol, wurea
6 15. The package of claim 1, wherein the conductor pins are gold plated.

7

8 16. The package of claim 1, wherein the conductor pins are solder plated.

10 17. The package of claim 1, wherein the means for electrically connecting the silicon
11 chip to the printed circuit board is a connecting wire.
12
13 18. The package of claim 1, wherein the first adhesive layer is silver filled.
14
-15 19. The package of claim 1, wherein the heat sink conlpris_es copper.
16
17 20. The package of claim 1, wherein the heat sink cdmprises anodized Aluminum.
18 |
19 21. The package of ‘claim 1', wherein the silicon chip is an integrated circuit device.

20
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;9 1 f or mal dehyde, nel am ne, nel am_ne-urea %&Ldehvde, and al kyd.
During the 2 manuf act uri ng process heat is then appli_ed unt| I

adhesive | ayer 46 hardens and 3 ﬂ m m a s
attachment between the PCB 28 and t e hemllm |I|| W ﬂll The
tenperature of plastic PGA package for *a high speéd &ilicon chip 6

7" 5g5, kel B i 1 Wit I DB el B P B iled

apprOX| mately 8 100 degrees Celsius. Silicon chip 34 has a typical

t herzmal expitcyit board ase copper. approximately 4 parts per. mllion per
degree centigrade (ppm[err]C while heat sink 10 40 has a much hi gher
therymal expansion rate. For exanple, a copper heat sink 11 has a

t hermal expansion rate of 15 (ppni[err]C) and an al um num heat sink has a
4 23. The package of claim 1, wherein the top portion of the heat sink is formed over a -

5 non-active surface of the silicon chip and the top portion of the printed circuit
6 board and the side portion of the heat sink is formed around the side portion of
7 the printed circuit board and the side portion of the plastic pin support.

This Sheet Has Been Re,
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12 t hermal expansion rate of 22 (ppm[err]C). Thus silicon chip 34 wll

experience nmuch 13 | ess expansi on over a given tenperature change than
will heat sink 40. This 14 difference in thermal expansion rate between
the silicon chip 34 and the heat siigk 15 40 woul d i ntroduce nechani cal

stress if silicon chip 34 t 1 Irectly connected
PSR P £y ’q,‘ayer kRy Pacract

w t hout benefit of a buffer sive as SMYer fillers 17
foryconductivity and is usedgSTRAECY OF THE DISCLOSURE nk 40 and silicon

chip 34 18 to alleviate this mechanical stress. Additionally, silver
filgers may be used in 19 adhesive layer 38 to |nprove t he conduct|V|ty
between silicon chip 34 and heat 20 sink 40. 21

]E)r es egt hl nvent |P§|pla§tf03pgl suppord |of & plaatig PGA \package IprUSﬁd to hold:cDBduCtBB
t 40 h

e D aing ahggmrﬁ%y?%me%é@ﬁlaﬁoﬁﬁc?w Withia, PriNtas SecithBosrd.andca pagket

P 1 mom welTih P, gircult” RARR 81 Indurlen B 168 BERFC BT whearbcshien %8

package. HTé&ﬁjlcaﬂﬁ aéor@ifb?eé‘?o ?égé]é'&fv;éaﬁglaductoP 'p"?r'fst bEtHY PIStiPBIn sdfport CA

28, "and silrcon c rom rmechan anmage
7 first adhesive layer, containing silver fillers, connects a silicon chip housed in the
8 plastic PGA package to a heat sink and conducts heat from the silicon chip to the
9 " heat sink. The first adhesive layer also absorbs thermal expansion variations
10 . | between the silicon chip and the heat sink during thermal cycles. A second
11 adhesive layer connects the printed circuit board to the heat sink. Separation
12 between the silicon chip and the printed circuit board is provided by a gap
13 | between the silicon chip and the printed circuit board which is filled with a.
14 protection layer, such as epoxy, to maintain separation between the silicon chip,
15 the printed circuit board, and to protect the active surface of the silicon chip. The
16 heat sink made of formable metal such as anodized Aluminum is formed around
17 the silicon chip, the printed circuit board, and the plastic pin support providing
18 heat dissipation and protection to the plastic pin support, the printed circuit boad
3

19 and the silicon chip.

FIGURE 2
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10 1 nmoi sture infusion. Conversely, a flat heat sink, known in the art

and shown in 2 Figure 4a, provides rel atipwe - g _protection from
mechani qal damage and 3 moi sture infusio 'TMSWENHNSC@EW ip which it
houses. 'A "Pin-Fin" heat sink, also 4 knpwn i rREMAAC and{ shown in I
Figure 4b, provides protection from nechanica oam oo .anH noi sture —
I nfusi on, but is disadvantaged by itslsize and weight. 6 Fourth,

formed heat sink 40 nmakes the plastic PGA package cosnetically and 7
di rensional ly conpatible with a conventional ceram c PGA package known in

the 8 art. Fifth, forned heat sink 40 nakes the pINMsSINWC}IPGA package
easier to 9 manuf acture by using the side porti opy heat sink 40
as rough guides during 10 stacki ng of the PCB 28
support 24. Finally, formed heat sink 40 11 help§ t tai n adhesive
| ayer 46 before it is cured and hardens. N
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12 13

Anot her advantage of the present

i nvention is that

plastic has a lower 14 material cost, approximtely 50% | ower, than
does ceramc. Additionally, the 15 plast Ilghter and
has a sHorter tooling time than the ceramic IS SHERGAIASE BREN G whi | e

mai nt aning pin conpatibility with ceranic P:A pacREQAGED 17 Wil e the

pl asti c PGA packag ernetically seal ed,
tenperature insjd€& the plasti

the operating 18

GA package for a high speed silicon chip

may 19 eyCeed 100 degrees sius thereby evaporating noisture and
greatly redufi ng 20 the probaNIlity of QF{{ ionZue to noisture

I nfusion. 24 22 Yet a fuUther advantage of the present invention
is that th¢ plastic PGA 23 package has a hi gher electrical perfornmance
than a cer . PGA package far 24 high speed gnplications. The plastic
PGA packadefys . tors which
produces |{e&dY oS qh rtpr, ays for high speed

silicon chypq
speed sili don

| Vo o & A

et

supporting high
r¢ki mately
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150 N+t, which is the limt for a ceram c PGA package. Thus a silicon chip

2 havi ng a switching speed of approxinatg 00 MHz, for instance,

would 3 experience mninum delays if hougqtyg g ephasiic PGA of the
present|invention. 4 5 A %Iastic~'GA P3 S an |
alternative to ceram c PGA packagi ng 6 t frevt—i b I n cost, -
reduces weight, is pin conpatible with existing ceramc PGA

packages, is manufacturable in exi§frﬁﬁiassenbly lines, is reliable, is 8

sui tabl e for higher i ""- = Mt iR gt —di-ssipat-85 heat d=hyhi gh
speed appliuJ<l ln o 11 VWi | e PN~ i1venti@ﬁ§k:f:been

particul arly shown amilE e d Wit h
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12 reference to a preferred enbodinent, it will be understood by those
skilled in the 13 art that various changes in formand detail may be

made tqerein wi t hout departing 14 fromthe spirit and scope of the
i nventilon. 15

| | . ——A+-eMER-CLAI M5 1. |
(anerded 3/ 13/ 98) A .plastic pin 4rid arrslﬁﬁs"g%gﬁ\?a%ﬁ@gg —

—'\
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, and a ; a prin
stic pin support having a top portior

en [
or pin of the plurality of conductor pi

ortion and a plurality of5electrica

- I n eac
ns is electrically connec ted
ive electrical trace of the pl ur(ﬂé'Ai.yS[ﬁ& el ectrical traces;
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PRINTED CIRCUIT BOARD
MOLDED PLASTIC PIN CARRIER

FIG. 4a
"PRIOR ART "

“PIN-FIN" HEAT SINK

FIG. 406 |
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a siligon chip having a first thermal expansion rate; a heatg%izgz,f__?
havifhhg'a toep portion, a side portion, and a second thermal expansion rate;

a first adhesive |layer connecting the non-active surface of the silicon (pU(lJ
to a underside of the top portion of the heat sink, for conducting
silicon chip to the heat sink and for absorbing thernal

bet ween the fir?t t hermal expansion rate of the

chip
heat fromthe
expansi on vari ations
silicon chip and the second
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t hermal expansion rate of the heat sink over changes in tenperature during
a, thermal cycle; a second adhesive |ayer connecting.the top

portlon of the printed circuit board to the underside o T -
of the heat sink, the heat sink being ﬁéb‘iAbE@FﬁP stHngl
' 2 28NOV 997
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formed over the plastic pin support, the entire printed Erreu] ,,_' T Qs '-c
the stlicon chip; a protection |ayer, for mgi rﬁEgLM" Rﬁ' ghEES\’”
separation between the silicon chip and the first end ;Fon of the

printed circuit board and protection over an active sur ezc@‘NQ'k;e‘;qs‘!.I iicd
chi p; and a nmeans for electrdcally connecting thel silicon chip {ta
the printed circuit board. ! -
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2. The package of claim1, wherein the printed circuit board includes a
plurality of layers of fiberglass |amnate. 3. The package of claim 2,
wherein the printed circuit board includes a pluraljiy. of at |east four

| ayers of fiberglass |am nate. 4. The package of | cREp P ~{ he
first adhesive layer is an epoxy |ayer, ' %‘WH

28 NOV 1997




MOLDED PLASTIC PIN CARRIER

FIG. 4a
PRIOR ART

"PIN-FIN" HEAT SINK

FIG. 4b
PRIOR ART
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8. -The package of claim 1, wherein the conductor pins are sol der op:ﬁ at?edﬂpm I
9. The package of claim1, wherein the means for elegtrically connecting

th mh—e&&—cﬁrﬁ'f’t‘ﬁ@‘p—rlnted circuit board is a cof 10.
. rein thefirst2adhesi ve | aye r@%}"?@ﬂfﬁl‘ﬁ d.

?Ie p?ﬁgamHM\m\mﬂamrl wherein the heat sink cong) ll s§sé .‘}BEF;;;B

* ALLOWED CLAIMS

1.  (amended 3/13/98) A -plastic pin grid amay (PGA) package,

comprising:

a plastic pin support having a side portion, a plurality of conductor pins

extending from one face to the opposite face thereof, and an end portion:

a printed circuit board mounted on the plastic pin support having a top

portion, a first end portion, a second end portion and a plurality of electrical

traces, wherein each conducter pin of the plurality of conductor pins is electrically

connected to a respective electrical trace of the plurality of elecirical traces;

a silicon chip having a first thermal expansion rate;

a heat sink having a top portion, a side portion, and a second thermal

expansion rate;

a first adhesive layer connecting the non-active surface of the silicon chip

to a underside of the top portion of the heat sink, for conducting heat from the

silicon chip to the heat sink and for absorbing thermal expansion variations

*  between the first thermal expansion rate of the silicon chip and the second )




12, iThe package of claim1, wherein the heat sink conprises—anodi zed
Al um num *13. The package of claim1l, wherein the sili C‘“\‘\i“\ﬂbl s an
S * |

i- nt egr at eq circuit 5 “!‘\“l“m!“

1 n

thermal expansion rate of the heat sink over changes in temperature during a

thermal cycle;

a second adhesive layer connecting the top portion of the printed circuit

board to the underside of the top portion of the heat sink, the heat sink being

formed over the plastic pin support, the éntire printed circuit board, and the silicon

chip;

a protection layer, for maintaining separation between the silicon chip and

the first end portion of the printed circuit board and protection over an active

surface of the silicon chip; and

a means for electrically cbnnectlng the silicon chip to the .printed circuit

board.

2. The package of claim 1, wherein the printed circuit boérd includes a

plurality of layers of fiberglass laminate.

3. The package of claim 2, wherein the printed circuit board includes a

plurality of at least four layers of fiberglass laminate.

4.  The package of claim 1, wherein the first adhesive layeris aﬁ epoxy layer.
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4. The package of claim1, wherein the plurality of electrical traces of

-the printed:circuit board are copper. 15. (anended 3/2/98) The package
of claim1l, wherein the top porton of the heat sink-isforfmedover a

non-active surface of the silicon chip dfd the top portio e printed
‘circuit board and the side portion of the heat E\mﬂ“l\ Mj }“ ound the
second end portion of the printed circuit board '* t on of the

pl astic pin support. ¢

5. The package of claim 1, wherein the second adhesive layer is an epoxy

layer.

8. The package of claim 1, wherein the protection [ayer is an epoxy layer.

7. The package of claim 1, wherein the conductor pins are gold plated.

8. The package of claim 1, wherein the conductor pins are solder plated.

S. The package of claim 1, wherein the means for electrically connecting the

silicon chip to the printed circuit board is a connecting wire.

10. The package of claim 1, wherein the first adhesive layer is silver filled.

11. The package of claim 1, wherein the heat sink comprises copper.

12. The package of claim 1, wherein the heat sink comprises anodized

Aluminum.

13. The package of claim 1, wherein the silicon chip is an integrated circuit

device. [ REPLACEMENT SHEET
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14. The package of claim 1, wherein the plurality of electrical traces of the

printed circuit board are copper.

15. (amended 3/2/98) The package cf claim 1, wherein the top portion of the

heat sink is formed over a non-active surface of the silicon chip and the top

portion of the printed circuit board and the side portion of the heat sink is formed

around the second end portion of the printed circuit board and the end portion of

the plastic pin support.

TREPLACEMENT SHEET

-

30 JUL 998




