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'.@TH@D '_:-fon_. Assmmz.mc m IN!!EGRA’J.’ED -cxnéﬂ:? ' PACKAGE

The é_z;e"sien_t:_-?ix_we_nt:i.’;on .._*:',e'i'ate.s in '_ge.n.era_l‘_ to .tr'ie f'_ie_.-ld_ of -

| ,'_"'intégré_\.t_gd c:.rqu.t .pa't;-kages a.mi:.l. _lulgq-r_é_ _s'._pe'cifl:;.'caill.y.'t:o .a.me._t-h’bd- -

- for aséenﬁﬁjl";ng ‘an integrated circuit package by applying a
:.'liqtiid "adh'ésixfe Léyei_c betwéen ‘the -silicon chip 'aﬁd :i:h_e printe.d"_

“circuit board and eliminating .the need for encapsulation. -
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Wlthout limlting the SCOpe of the -1nventlon, its

*"background is. descrlbed in connectlon thh 1ntegrated Clrcu1t -

tfpackages, as an example.

- Heretofore, in this field, Lntegrated c1rcu1ts have been

""formed on semiconductOr wafers.- The wafers are separated 1nto~
: _lndividual 51llcon chips and the individual SLlicon chlps are.

”then handled and packaged. The packaging process is one of'

the most . critical steps in the 1ntegrated c1rcuit fabrlcatlon' '
process, both from the point ~of view of- cost and of

reliabilaty.-.Speclflcally, the packaglng cost can easily -

b exceed the cost of manufacturinge the integrated circuit

silicon chip as“the majority of device failures are packaging

lrelateda'

" The lntegrated circult must be packaged ln a suivable

'-medla that will protect it durlng subaequent manufacturlng

steps and from the environment of its intended application.

Wire bonding. and .encapsulation are the-two main steps ir the

packagihg pr_ocess'. Wire bonding connects leads 'from the

. silicon chip to'the-terminals of the package} The terminals

allow the integrated circuit package-to be connected to «ther
components. ?ollowing wire bohdihg, encapsulation is empioyed

to seal the surfaces from moisture and contamination.
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jhEncapsulation also 'protects the ‘wire bonding and other :

-components from corrosion and mechanical shock.

Conventionally, the packaging of integrated circuits: has.

- involved using' an- adhesive tape -to attach ‘an 1ndiv1dual
f silicon chip to- a 1ead frame, usually a printed Clrcult board )
.tFollow1ng w1re bonding and encapsulation, de51gnated parts off_
"the lead frame become the terminals of the package. 'Thedlﬂ
'packaging of 1ntegrated 01rcuits has also involved thed
'ﬂplacement of silicon chips on a flex1ble ‘board - ‘vhere,

following adhesion of the-Siiicon‘chip to- the. surface ¢of the

flexible board and Wire'bonding, an encapsulant is placec over
the 5111con chip’ and flexible board assembly to seal and
protect the chip and other components._ |

Unfortunately, current methods for encapsulating s:licon~
chips have led to.various'problems, including cracking_between

the .encapsulation material and the integrated: circuit

components. Also, high failure rates are encountered due to

the multi-step nature'of'the-process} ‘Cracking has plagued

“the industry because of'differences in the coefficient of

thermal expansion;of,the different components; for example,
between the_soldering materials at ‘the different interfaces
and between metallic and non-metallic COmponents, Cracking

also occurs_between the silicon chip and the encapsulation
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'-1mater1als, usually epoxies, due to the extreme variatlons 1n_7..:
""temperature 1n various environments and between perlods of' )

'loperatlon and non-operation.

Even if the encapsulated silicon Chlp lS successfully_-'

assembled lnto a worklng 1ntegrated carcult, another problemlh
"'15, commonly encountered : Once the s;llcon ehip is .
{lencapsulated it lS typically surface mounted us;ng radlant o

‘heat or vapor saturated heatlnq._ Thls-process, however,"cani'

lead to poor c0p1anarity due to ineven - reflow, leading_to

lntegrated c1rcuit failure.’

.Iherefore, a'need-has_arisen for an integrated:circuit
package and-a process for;producind the:same'that'reduces
cracklng; minimizes the overall integrated circuit package
s1ze and avoids poor coplanarity due to uneven flow. A need

has’ also arisen for materials and- methods that lead"to :

_,lncreased yield by more closely matching the coefficient of

.therma-l ‘expansion’ of-'tne.ma_teria_l.s used J.n the package.

Further, 2 need has'axisen'foria flat'integrated circuit.

.package that "provides -'protection during subsequent

manufacturlng and testing steps and from the ‘environment of

2l1ts:1ntended puzrpose. A_need has,also arisen for an lmproved '

method of adhering a chip to a prlnted crrcult board in the

assembly of an lntegrated circuit package
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The present invention disclosed herein comprlses almethod' S
ffor assembling an lntegrated c1rcu1t package and “a. an.
.._.J.ntegrated cirqu.t package produced by the method of the
':present lnventlon that utlllzes an: 1mproved method of adherlng -
h."-_a ch1p to a: ;minted c1rcu1t board and that protects ‘the .
.fifcomponents on’thef integrated crrcult package' durlng'

I:manufacturing and testlng steps and from the env1ronment of

its 1ntended purpose..

L The method for assemblrng ‘an 1ntegrated circuit package

of the pres_ent invention comprise_s o,btaini_ng‘_ a substrate

having a surface, applying a liquid adhesive on the surface of |

the substrate and contactlng a chip to the lquLd adhesive,

thereby attachlng the chip to the substrate The 1.qu1d

adhe51ve may be a. llquld epoxy such as X-43-5000 or a l ~quid

'polylmlde such as.G7631 liquid polyimide or G8320 liquid

polyimide. The chip may be attached to the substrate. at an

. elevated temperature which may be t\etween about 215 and 250°C.
A curing agent may also be added to the liquid adhesive such

- as aliphatic amines, aromatic amines and anhydrides.

The integrated circuit package assembled.by the method of

"the preSent invention comprises a substrate-having an opening

and first and second surfaces. The integrated circuit.has a

~ Received Time b Feb. 22:19 ~ Print Time 5, Feb. 22:3¢
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lnplurality of routing strips that are 1ntegral w1th the :

' liquid adhesrve 1s disposed between the second surface of the

eplaced

".substrate and extend into the opening . A plurallty of pads' o
_iare disposed on the first surface, at least one of the pads;f_f
."-;disposed on the first surface being electrically connected'-'

'fwith at least one of the routing strips on the substrate. 'A:;

' substrate and a Chlp hav1ng at least one bondlng pad Liqurd'.

adhesrve 1s applied to elther the substrate or the non“

electrically conductive surface of the_chip, followed-by

“attachment of’ the substrate and the Chlp. -~ The chip has'd

bonding pads that are wire bonded to electrically connec- the'

'bonding pads on the chip to ‘the routlng strlps of the_

substrate.

The 1iquid adhesives for use with the present invention

are liquid thermosetting plastics, such as; epoxies - or .

fchip and provrdes superior strength and 1ower environmantal

_1mpact.- In another embodiment, the adhesive layer used to

assemble the integrated circuit' packdge of the present
1nventlon is a multifunctional epoxy having two or more
epoxide rings in the molecule. Alternatlvely,' llquid

polyimides may be used as the liquid adhesive. Examples of

Received Time 6, Feb, 22:19 Print Time 5 Feb, 22:39
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'T'lﬂpolyimldes for use with the present 1nventlon are G7631 and

_68320

The integrated c1rcuit package of the present 1nventlon'

"3'may also include solder balls located on the pads dlsposad on
ithe flrst surface of the substrate. Alternatlvely, solder'
' wcolumns may replace solder balls on- the pads of the substrate _

-.The present inventlon also encompasses an lntegrated c1rcu1tjs

- lfpackage made using the method of the. present lnventlon as’

10

-.descrlbed hereln.
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e For & wore complete understanding of the features and:_

fadvantages of the present invention, reference is now made to’ -
ithe detailed description of the invention along Wlth thea!ﬂ"

_isf';_fjaccompanying figures in which corresponding numerals in the;h

'.Qdifferent figures refer to corresponding parts and in which4s

Figure 1 is a. simplified end cross-sectional view. of an_ =

integrated circuit package of the present lnventlon,.

.Eigure- 2 is a- s_:melifie_d -top v_J.ew_._of -an'-integrate.d-' '

10 = circuit package of the present'invention; and

Figure 3 is a simplified end cross-sectional vieﬁ of an

integrated circuit package of the present inyention.
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Whlle the maklng and usrng’of varlous embodiments of the'.

'f.present 1nventlon are discussed in detall below, 1t should be_
'appreCLated that the present- rnvention prov1des many,ff'
. .'appllcable J.nventJ.ve concepts which can- be emboda.ed in e w:l.de"'

’ var;ety of specrflc contexts. The SpelelC embodlments--

dlscussed herein are merely illustratlve of spec1f1c ways tof

: :make and. use the inventlon and do not dellmlt the scope of the

"invention

The present invention . is related to high frequency . -
integrated circuits using a board-on-chip design to achieve

high' speed performance and “to _meet the space constraint

.requlrements of modern semiconductors. The prln01ple$ of the

present lnventlon may be lncorporated into, for example, a -

synchronous DRAM (SDRAM) silicon chip. The present_invenuiod,~

;however,'ie also applicabie to LOGIC, SRAM, EPROM anc any

other integrated circuit components.

Figure 1 is a simplified .cross-sectional view ‘of an

integrated circuit package that is generally designated 30.

~ The integrated c1rcu1t package 30 comprlses a sillcon chip 50,

' whlch.can be, for example, any integrated. circuit compcnent

such as a DRAM, an EPROM, a,SRAM or a LOGIC chip. ‘A prnnted
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'iyracircuit board 70 1s attached to the sillcon Chlp 50 by an

:,1adhe31ve layer 60

The adh631ve layer 60 of the present 1nventlon may be

7.{;Zrmade of, for example, ‘a liquid thermo-settlng plastlc such ast_"
| f;;liquld epoxy or a polylmide.- Epoxles are used because of S
}bthelr toughness,f. proce351bility, rigldlty, ,chemical
'-res15tance, Iow shrlnkage and adhesrve propertles Epoxxes'.
}are also used because they can adhere to a w1de varlety of
'substrates, organic and inorganu:. - While there are many.
?-dlfferent epoxy resins, most commonly ‘epoxies are. ' formed by

”react;ngw _ diglycldyl _nesters . of Brsphenol—A . with

epichlorolhydrin. In'many cases, brominelisireacted-into the_'
phénol ring section. of"the 'molecule' to improve flame
retardance, Multifunctioualrepoxieslmay also be used with the
present inventloﬁ,'and-are Characterlzed by_havihg-mbre than
two epoxide-rings per monomer.

The basrc epoxy reszn -nay be cured or crossllnked by=-

| addlng a coreactant .or catalyst. Many drfferent compounds can’

- react w;th elther the epoxlde rlng or the hydroxyl group ofw..
'.the epoxy ring. such as aliphatlc amlnes, aromatic amines. and |
-anhydrldes,'_Or catalysts -such as’ plperldlne or boron

_trifluoride'ethylamine. " The advantage of using an afiphatic

anine as a curing agent for epoxies is that curing occurs at

10
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lroom temperature ;ori temperatures slaghtly above rdom
i;temperature, the. curing is fast, lt lS res1stant to low heat
'_and 1s a hlgh exotherm Examples of allphatlc amlnes that may_
‘;,:be used to cure. epoxies include diethylene trlamlne or_'
'-Jdlcyandlamide, for example.- Alternatlvely,-an aromatlc amlneu_..
- fmay be used to cure the epoxy, the advantages belng a. lonq potf'ﬁ
:;llfe, elevated curlng temperatures and hlgher heat; reslstance.l

- ,Samples of aromatlc amlnes ‘that may be used w1th the present -

lnvention lnclude metaphenylene diamine or dlamlno dlphenyl-,

f-sulfone. Alternatively, anhydrldes may be used such as

-'hexahydrophthallc anhydrlde. Anhydrldes may be selected

because they are safer, have a very long pot life, can be
cured at an elevated temperature and have very high heat
res;stance.' '

Another advantage of epoxy based adhesives is that they

can be made with any.viscosity, from liquid to solid, and can

be flexible or rigid, based on the types of mineral fills or

fibers;that are used to fill'the'epoxy; Another advantage of

epoxiesgis_that they can be combined with glass containing

afabrics to. produce laminated printed circuit'boards, such as

FR-4.
Altern’atively, _the liquid adhesive 60 used with the

present invention can be a polyimide polymer. Polyimide

11
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zfszglymers can be. used as an 'adhesrve due .to thelr heat -
-_reszstance at cryogen;c temperatures and thelr radlatlon.
-:resxstance. : Pelyxmides -also have favorable' electrlci:
__propertles and low outgassing, maklng them: extremely useful in S
'. the extreme environment of space and at hlgh temperatureu
' 5? Typlcally, copolymers used to polymerlze polylmides are':

‘]iamideimlde, imide phenolics, blsmalelmlde, epoxy lmldes and

polyester 1m1des

Alternatively, the adhesive layer 60 may be a liquid -

:.epoky such ‘as erSQSOOO,-aVailable'from_Shi~Etsu Chemicals,

Ltd., or polyimides such as 67631, -G8320 or Hitachi HM122u.

Tne:bonding process generally«involves attaching the silicon

- chip 50 onithe printed circuit board 70.at a témperature above

room temperature and allowing the epoxy or polyimide 1iquid
adhesive to cure.
An important -parameter of polymeric materials is the

glass transition temperature, Tge The Tq is-the temperature

-at which long-range co—operativlty between polymer ichains

;becomes suff1c1ent to allow the materlal to deform in resronse

to an external force.- For use w;th the present invention a

temperature of about 215 and 250°C during processing is uased-

to cure the thermosetting adhesive for use in the process of

the present invention.

12
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The prlnted c1rcuit board 70 may be constructed from a;

'“a_naterlal such as' FR-4 which is avallable from, for example,]-'
o Motorola Inc., U S A. ER-4 1s an epoxy reSLn relnforced w1th
-.:a woven glass cloth In” selectlng the materlal for pzinted :

_c1rcu1t board 70, one skllled in the art w1ll recognlze that -
. four parameters should be considered namely,: thlckness,t_-'
:afdlelectric constant, glass transition temperature -and the___

:;7coefflc1ent of - thermal expans10n.b

Thlckness 1s dependant on the number of layers required:
and.the_ampunt of relnforcement-usedlln_a.glven layer. The |
reinforcing glass~cloth'Can range in thickness from 2 mil per:

sheet (type.llos) to about 8 mil per sheet (type 7628).

"Dielectric constant is determined by a combination of the

resin used-and'the'thickness,and type of reinforcement used.

Standard FR-4 ‘has a'dielectric:constant of about'4;5. This

‘constant can be reduced to about 3 by replacing the epoxy
‘resin with a cyanate ester resin. The greater the thickness,

“however, the greater the problems'associated with thickness

control, rough surfaces, excessive drill. reflection and’ poor
resin-refill. )

The temperature at whlch a re51n changes from a glass-

' like state lnto a “rubbery” state is generally de51gnated as

gs- Standard FR-4 is made with a bifunctionally polymerizing

13

Received Time - b, Feb. 22:19 Print Time 5.Feb.22:37 '



This Sheet Has Been Replaced

10

15

20

' 'ffjiepoxy that has a T of about 110 °C~ ngher T temperatures,"_:i'w
1lisuch as 125-150 °C may be withstood by using a tetrafunctlonala{
'ei:'epoxy. For hlgher T values, 1n the range of 150 to 200 °C a L
' lﬁ;cyanate ester epoxy blend can be used Addrtlonally,:' :
?polylmldes provide for prlnted c1rouit boards havxng a Tg.

S ,above 250 °C. _:g;

The coefflcient of thermal expanSLOn for. FR—4 is about 16.::

.l’d ppm/ C. A dlfference in the coefficrent of thermal expansron-
f..between the prlnted circult board 70" made- from FR—4 and the.:

'i silicon chlp 50 can lead to failure of the integrated c1rcuit-
package 30 durlng,.not only the assembly of the 1ntegrated

'~c1rcuit package 30, but also durlnq the.use of 1ntegrated

circuit package 30.
"_Referring.oollectively.to Figures 1 and 2, intermediate
layer 74 has_routihg-strips'82-that_are electrically connected

throagh'vias'84 to pads 100 located on top surface 92 of top

layer 72 and bottom surface 94 of bottom layer 78. It should .
"be understood by one skilled.in-thefart-that.the terms “top” -
eand “bottom” as. well as the terms “side” and-“ehd” are used -

- for lllustration purposes only, as the integrated circuit

package'BO of the: present invention-can be assembled and used

in a variety of positions and ways.

14
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Intermediate layer ?6 includes a palr of ‘bus bars 110.;;,‘ S

i~:{The-bus bars are electrlcally connected through vias 84 to one
-;ijrfor more of the pads 100.f The bus bars 110 may serve, for
fg:example, as power supplles or grounds, and 1t is preferred'

.'that one bus bar 110 serve one function, such as a.: power:'

.hrsupPlY, and the second bus bar 110 serve another functlon,{_fd”
' ;such as a ground _ _ - N o
. The sillcon chip 50 has bondlng pads 120 “located :
igenerally in theucentral.area oﬁ silicon chip-so._ Theebonding”
hpads izo,are connected-to routing strips 82 and bus bars 110
:oy-wirejbondingVSO.':Solder;balls 150 are located on.pads 100
_to.allow_integrated circuitlpackage-30'to be artached to other.
.components,'such as'a.motherboard'or a'single in;line memory
moduie.: Although ‘described as solder' balls 150,_ swlderf

ecolumns are-also encompassed by ‘the present lnventlon

Even though Figure 1'depicrs.printed circuit board 70 as

having four layers 72, 74, 76 and.78)'it should be undershood'

by one skilled in_the art that printed circuit board. 70 may

cOnsisu of a single-layer'or may be a multi?laYered board .

"having an alternate number of layers.

The above described components and their construciions

. and interrelation provide an assembly that does not'require.

encapsulation. The term “assembly” refers to the assembled'

15
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'fcohponents.Without the need for encapsulation. The assembly:
- conSists of printed circuit board.70,‘adhered silicon chip 50';
'aand w1re bonding 80 The printed 01rcu1t board 70 has a top:
'iti opening 86 and a cavity 88 with routing strips 82 and bus barsf;
: 1;?110 extending 1nto the top opening 86 The top opening to and.;'

'H-the cavzty 88 are open with respect to one another. 5~

The Wire bonding 80 process may begin after 31licon chlp :
‘50 has been adhered to printed circuit board 70 Silicon chip
50 and printed circuit board 70 are then 9031tioned an a
heated pedestal to raise the temperature of-the-combinatnon to'
a point between 100°-3009C; A.cold wire having a diameter

typically ranging from 0.7 mil. to 1.3 .mil. is strung through

a heated“capillary where the'temperature may range between

200°—500 C. A soldering ball is created at the end'o: the

- wWire uSing either a flame or a spark technique. Ihis
' soldering ball is then brought to bonding pad 120. or the

_siiicon chip SO'and a'combinatidn of compression force and

ultrasonic energy are used to create the desxred.metallurqical

bond. USLng this “stitch” technique s1gnif1cantly reduce:: the

" cross-section of the wire at that point. A& Ioop is then

created in the wire bonding 80 above the bond that has just
been achieved, and the wire bonding 80 is routed to the

desired connection on the printed circuit board 70 such as

16
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jfrouting strip- 82 or- bus bar 110 " The- w1re bonding 80 isk
.ir'clamped and the capillary raised, such that the wxre bondingp'
g0, will break free at. the -outer edge of the bond.  This
-process lS repeated until all the bonding pads 120 that i"
:1require electrical connection on the silicon chip 53 are;- -
1_e1ectrically connected to printed crrcurt board 70. . -
| Followzng the assembly of the abOVe-described components,_
:'top opening 86 may be. filled with a potting materia. 90,

'represented by the dashed line-above top openlng 86.  In one

preferred embodiment'of the.present"invention,:cavity 88 is

not filled with potting material 90. ~ Instead, the non-

"operative-sidefof thelsiiicon chip 50 is‘left exposed. This
' arrangement reduces the overall size of the SIMM and lessens

-the env1ronmental impact caused by -the chemlcals used ‘in the

encapsulation-process..-

In another embodiment of the present invention there -is

i“no cavity 88 and the .silicon chip 50 is adhered to the bottom

surface of the printed circuit board 70. .Clearly, there are
other permutations that can be used in arranglng the silicon
Chlp 50 on the printed c1rcu1t board 70 as will be apparent to
those of skill in the art-in light of the present disclosure..
a potting material 90 for use with the present 1nvention;

may be a cyanate ester-type resin avallable from Sh:.n Etsu

17
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| examples of pottlng materials 90 that may be used w;th the;_

f:?present lnventron include epox1es, polyesters, polylm;deshi;

:':gfcyanoacrylates, ceramlc, s;llcone and urethane. -The5pottingr':
':materlals _90 may also contaln flllers that aﬁfect the

Tcoeff1c1ent of- thermal expanSLOn, s well-as the strength andlz

'fﬁ'?flexibillty of the potting. materlal '90.

The solder balls 150 used with the present lnventlon may

fbe attached to the pads- 100 us1ng conventional solder reflow

systems. For example, a vapor phase solder reflow system may

lbe used, whlch condenses'vapor to surround the 1ntegrated

circuit package 30 and the printed CerULt board 70 with a

cloud of steam. A liquid, such as a nonchlorlnated (non CFC).

,.fluorocarbon is first. heated w1th enough energy to fcrm a

"vapor and to sustain a vapor cloud. When the integrated:

c1rcu1t package 30 lS then passed through the vapor, the

vapoxized lquld condenses thereon-and glves off the ldtent
heat of vaporization;' Thls energy is then transferred to the ::,

.-'1ntegrated c1rcu1t package 30. As long as the 1nteg1ated

circuit package 30 remalns in the vapor, the vapor continues

. to give off energy at a repeatable fixed rate and temperature,

rd

until the integrated circuit package 30 reaches the

temperature of the vapor.

18
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The advantage of uslng a nonchlorinated fluorocarbon is

ﬁ‘::;that lt is extremely thermally stable, colorless, odorless and-;
-'2 nonflammable.; In addition, it has a low tox101ty, low surface'
:e'ttemperature; lOWﬂboiling.point,-and~low.heat of vaporlzation. ’
ﬁLBecause the fluid form of the non—chlorinated fluorocarhon 1s:f
'f-elnert,ilt does not react Wlth fluxes or component materlals,
-*;f_nor does it absorb oxygen or other gases that cause reactlons -
| *"durrng the . solder reflow. : Most commercially avallable )
.ifluorocarbons used’ for vapor phase reflow are formulated to'
.vaporlze at precisely stable reflow temperatures for different

' ‘solder materials, as will be known to those skilled ia the

art.
.The vaporization temperature will depehd on-the solder
type being used. _A brief list of the temperatures tha: are

used to vaporize different'soldergtypesfls shown below.

19
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Vaporlzatlon Temperatures and Solder Types

JfFluid Temperature f”” |

| QSolder Type

56, 80, .97, 101, 102°c and -
185 : |

165°C

S 1740
h190%C

215°C and 230°C.

240°C and 253°C

.'260°C and 265°C

37

70
- 70.

6o

.90
.63

70

60
60

60
63
70
62

75

81
96.

100 In.

Sn/38

Sn/18-

In/30

tln/éo

In/lO

-In/50
Sn/37
Sn/30
Sn/40

Sn/40
Sn/40
Sn/37
Sn/30
sSn/36

Pb/25
Pb/19

bb/zs'xn
Pn/12 In -
.Pb . '
Pb_. -

Ag
Pb-

.-.Pb ._ .- ‘

Pb:
Pb

In
Pb
Pb
Pb-
Pb/2 Ag

-In

In

5 sn/3.5 Ag

Alternatively, 1nfrared or radlant heated solder reflow

nay be used In such a system each component of the solc*rlng

.system is dlrectly exposed to radiation from a he.ating

element. Heat from the radiant energy element ls-absorbmd by

Jthe dlfferent components accordlng to its molecular struc-ure."

' Conventional radiant heat systems expose only the c«uter

surfaces of the components to the radiant heat, which mav not

reach interior areas as efficiently as with wvapor saturated

heating methods as. described above.
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nawever', “is. not affected by this “typical’ problem because
::1ip'solder balls 150-may be used 1nstead of leads.i In fact, due.ﬁ
h, to the reduced overall size of the 1ntegrated circuit packagep_
":30 of the present invention either method, vapor phase solder
.dreflow or radiant heated solder reflow, may:be-effectively

used thh the present 1nvention.

-jThe present invention also .soires_dotherd proolems'

-;1iiass001ated w1th solder reflow systems fhese'problers.includef'
'the: creationf'or failure due .tod'voidsh coplanarity;
.'tombstoning, open joints; component cracking, thermal shock
.and'thermal'stressing. The.present invention:solres these '

' problems because it dispenses with the need for- electrically
3 connecting soldering leads to the integrated CerUlt package
30 followed by encapsulation. By'using solder balls 150

instead .of leads, the problems assoc;ated with voids a:ound

pad areas’ or under ledds caused by incomplete reflow or poor

welding.of:the soldering-surface due to 1mproper flux or badly

oxidized surfaces is eliminated. . The problems of coplanarity.

and tombstoning are also reduced or eliminated'using the

. . solder balls 150 because surface tension on both sides of the

' solder ballS'1$0 is_equal;

Open jointsl are usually caused by’ problems' with

7coplanarity,'while cracking may occur when trapped moisture

21
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';w1th1n'an integrated circult package expands as the devzce 1sf'
:heated for reflow.- The lncrease ln 1nternal pressure, causes_.
'the 1ntegrated crrcult package to split open, usually at. onec;ﬁn
-:of the corners.. The splltting of the package causes w;re

-_.]bendlng from the lead frame to the 51llcon chip to break and..

in- some cases the szllcon ChlpS have cracked due. to ‘the -

warpage at the top of the package as the -temperature:"

'dlfferentlals between the top and the bottom of the dev1ce

cause different rates of expansion.-

Usmng the present inventlon, the only surface temperature:
differentlal that_occurs is between the solder ball 150 and
the-printedicircult board iﬁ; which allows either vapor phase
sOlder_reflow or.radiant heat solder reflow_to_be_available
for producihg.the present. invention. - Thensmall size of the
solder balls 150, -and of the lntegrated circuit package 130 as
a whole, allows for any of the reflow systems to be usec¢ with
the because_ the- temperature differential between the

components is.almost negllgible. Furthermore, by selecting a -

pottlng materlal 90 hav1ng a coeff1c1ent of thermal expan31oni

-s1mllar, or equal to,-the coeff1c1eht of thermal expansion of

the other-compqnents of-the,integrated circuit package'30,

heat reflow effects and problems can be minimized. ’

22
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Although the board-on—chlp layout of 1ntegrated c1rcu1t' ;,"'

'package 30 as. depicted in Flgures 1 and 2 has been descrlbed,;

o 'using centrallzed bondlng pads 120, 1t should be understood byi]-

5;:fone skllled in the art that the prlnciples of the Present

'hhlnventlon are. appllcable to a s111con chlp 50 with bc dlng'.

.i'pads 120 in. alternate layouts such -as p051tloned along the"
' s;des of the silicon chip 50. | | |

| Also, 1t should be noted by one skilled 'in the art that.

jpads 100 and bus bars 110 may be 1ocated on a 51ngle layer of'

prlnted circult board 70. Generally, a layer of lnsulated~

"'tape or coatlng may be placed on the bus bars 110 to prov;de-

-for'electracal isolation. The adyantage of a multi~-layer
printed circuit board 70, however,.is the elimination of the
.need to-insulate the bus bars 110; The present lnveutlon~
dlsposes Wlth the need. for 1solatlon. Addltlonally, the
f'multl-layer' printed c1rcuit_ board 70 provides a 1greater
-process~margln for wire bonding. |

Flgure 3 is a 31mplif1ed cross~sectlonal view of another
embodiment of an lntegrated circuit package of the present
. invention that is generally designated 32. The integrated
circuit package 32 comprlses a silicon chip 50 and a printedt
" circuit board 70 that is attached to the silicon chip 50 by an

~adhesive layer 60. In this embodiment; the printed circuit

23
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;?1board, 70 consists of three layers, a top layer 72 'an'

'h'fiintermediate layer 74 and a bottom layer 76. The printed
;ic1rcu1t board 70 has a top opening 86 As best-seen 1n figure-.e

'; 2,“rout1ng strips 82 and bus bars 110 extend into the topd
i”opening 86 After assembly, top opening 86 is fllled w1th‘r.
.potting material 90 as represented by the dashed llne above'e'-
::top opening 86 and around srlicon chip 50. :'-yias fgd

.'ifelectrically -connect pads 100 located on top surface 92 ¢f top_

layer 72 and bottom surface 94 of bottom layer 78

The present invention allows for decreased fallure due to

" the reduced number of adhesive, coating and encapsulation'

_ materlals having varying coefficients of thermal expan510n

The present invention further reduces the overall number of
steps in the assembly; of, for example, memory units by

streamlining.the assembly process'not only in reduced.number'

"of steps, but also by eliminating the curing steps assoc.ated

with‘encapsulating integrated circuits. _fhe present inveztioh
further reduces the amount of material ‘used in producing'
integrated circuit packages 30, thereby sav1ng time, moneg and
the env1ronment.

Furthermore, the method of the.present invention takes_
advantage_of the opening 86 at the center of the, printed -

circuit board 70 for potting the wire bonding 80 that connect
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"Lthe SLlicon chip 50 and the printed 01rcu1t board 70 in a i-
dsrngle step By filling the opening 86 w;th potting material
_ _90",. the wire bonding 80 between s1l:.con ch:.p 50 and the'.'"
. printed circuit board 70 are generally protected from then.
environment and are particularly protected from m01sture due:
'to the hermetic nature of the encapsulation |
| ‘ This means of adhering the components of the 1ntegrated-;7
'-pc1rcu1t package 30 of. the present invention greatly reduces B
_the oyerall profile_by allowing'the.non-operatlve or. backside |
of the. silicon chip 50 to be exposed. By hermetically
protecting:the connections.betueen the-siiicon chip.SO and the
printed circuit-board.70 at the top 0pening 86, there is no
| ‘need to.compietely encapsulate the entire assembly. -
| .Additionally,preduced environmentaidimpact is obtained
using the method:and'apparatus,of the'present invention due to
‘the overali decrease in the size.of.the.integrated circuit
pacta§e130.' Reduced environmentai.impact is also achieved'by::
.'eliminating.the nunher*of'COmponents.required.to assemhie an R
h Tintegrated circuit package'30. | | |
ThlS 1nvention reduces warpage caused by resrn shrinkage
by ellminatlng the need for resrn ‘on the backs1de of the
silicon ‘chip* s_housrng. In addition, the-overall size of the

_ integrated'circuit package'is reduced by eliminating the need

25
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',}for a housing for the 51licon Chlp, thus creatlng a stress~:'
-ffree condzt;on.. Ellmlnating the houslng for the Chlp also

. _"minlmlzes the shrlnkage .and cracklng due to the shrlnkage of

'&-. the encapsulating re51n.

' Whlle this 1nventlon has been descrlbed 1n refererce to .

- 'f'sillustrative embodiments, this descr;ptlon is not intended to o

'}Ebe construed in a llmltxng sense._ Varlous modlficatlons and:f
~;combinations of the 1llustrative embodlments, as well as otherh
embod;ments of the lnventlon, w1ll be apparent to persons;.--
skllled in the art upon reference to the deSCrlpthn It 'is
:'therefore 1ntended that the appended clalms encompass any such

-modlflcations or embodiments.

26
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_fWhat is claimad is. |
'1- A method for assembling ‘an: integrated cxrcuit”;'
'.5f package comprising the steps of-
obtaining a’ substrate having a surfaee, -
-ISTf”'._ {t applying a liquid. adhes1ve on said surface of saldff'
"substrate, and 'i | .. _ | . | | _
| contacting. a chip to said liquid adhesxve, thereby .

i'attaching said chip to said substrate.

10 Sz, The method as recited in claim 1 whereln said ltquid

.adhesive is a liquid epoxy.

- 3.  The method as recited in claim 2 wherein said liquid
adhesive is further defined'as'being a. X-43-5000 liquid enoxy.

15

4: The method as recited in claim 1 wherein said l.quid
aohesive is a liquid polyimide.
. 5.-:'The-method as.recited in claim 4 wherein said l‘quid
20 | polyimide is selected from the group conSistlng of a C7631

liquid polyimide and a G8320 liquid polyimide

This Sheet Has Been Replaced
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o 6. - The method as recited in claim 1. wherein the step of

. _"contactmg a chs.p to sa:.d lJ.qu:Ld adhes;ve occurs at a

-temperature between about 215 and 250°C

__7'..-"_' The method as rec:.ted in claJ.m 1 further compns:.ng -

'-the step of adding a curing agent to sald lJ.qu:.d adhes:.ve. : '

L 8 ' The method as recited in claim 7 wherem sald cur:.ng"

) _."agent is selected from the group cons:.st:.ng of allp.latlc ;'

'am:.nes, aromatn.c ammes and anhydr:.des. :

This Sheet Has Been R eplaced

T

28

 Received Time 5, Feb. 22:19 Print Time h. Feb. 22:35



A NILI -

‘-ffié;:. A method for. assembllng an lntegrated C1rcu1t :
. :-..package compr:.s:.ng the steps of" PR
| | obtalnlng a chlp having a surface,..; _ _
- applying a lquld adhesive on sald surface of Sald chlp,f
5 and . S
e contacting a substrate to sald llquid adhe81ve, thereby

'“attachlng said substrate tg said chip.;.'

10 ' The method as rec:.ted in cla:.m 9 whereln sa1d llquld

10 : ,adhesive is a liquid.epoxy..

11. The method as recited in claim 10 wherein said

liquid adhesive is further defined as being a X-43-5000 liquid

epoxy.
15 |
| 12, The method as récited in claim 9 wherein .s'aid'. 1iquid
--adhesi‘ve is a li'quicl polyimide.
13 The method as recited ) J.n ¢claim 12 wherein said
20 "_liquid.polyimide is:selected'from the group consiSting'of a

67631 liquid polyimide and 'a G8320 liquid:polyimide.'

Cs
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' i§ The msthod as recxted in clalm 9 wherein the step of'-

'contactlng said. substrate to sald llquld adhesxve occurs at a

temperature;between;abqut 215 and.ZSOﬂcf_"

r:iS; The method ‘as. rec1ted in clalm 9 further comprzsang: .

sthe step of adding a curlng agent to sald llquld adhes1ve.-

16, The method as recited in claim 15 wherein said .
curmng agent is selected from the group consistlnq of

allphatlc amines, aromatlc am;nes and anhydrldes
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:17 An integrated c1rcuit package assembled accordlng to-

L the method of claim 1.,

‘fie The integrated circult package as. reC1ted in: *laim;“

]-?:17 whereln said 1iqu1d adhe51ve is selected from the "rcup

| ﬁffconeastlng of a. llquld epoxy and a liquld poly1mide

'19, The integrated circult package as recxted in claim
17 wherein said chip is contacted to sald llquld adhe51ve at

'a-temperature between about 215 and 250°C.

:20; The integrated circuit package-aS'recited in claim'
_17 further comprlslng ‘the step of adding a curing agent to

1sa1d llquid adhe51ve._
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