1 . METHOD FOR ADHERI NG AND SEALI NG A SILI CH

| P
FNTEGRATED Cl RCU T PACKAGE !tﬁEF &9 | NVENTI ON
The-present invention relates in general i gh equency
integriated circuit packages and nore speC|f|caIIy to an apparatus and

nmet hod of using an adhesive material to attach a §a$dﬁﬁﬂ chlp to a
substrate and to provide a protective over age ar

2 : BACKGROUND OF THE | NVENTI ON VVthout I|n1ting t he
scope of the invention, its background is described in connection with

integrated circuit packages, as an exanple.
METHOD FOR ADHERING AND SEALING A SILICON CHIP IN AN

INTEGRATED CIRCUIT PACKAGE

F I N N
The present inyention relates in general to the field of
high'frequency integrated circuit packages -and more specifically
to an apparatus and method of using an adhesive material to
attach a silicon chip to a substrate and to provide a protective

coverage around the chip.



Heretofore, in this field, integrated circuits have been fornmed on

sem conductor wafers. The wafers are separated into individual chips and
the individual chips are then handled and packaged..The packagi ng process
is one of the nost critical steps in the integrated circuit fabrication
process, both from the point of view of cost and of reliability.
Specifically, the packaging cost can eagily exceed the cost of the
integrated circuit chip and the najorlty of deV|ce failures are packagi ng
rel at ed. The i ntegraBZ I EHE bENVENT d in a suitable nedia
that will protect it in subsequent nanufacturlng steps and from the

envi ronnment ofwidlsmutntlemdedngpphe csdopen of\Wthe handhtgomnd t e haaigubattdon
are the two nain steps in the packagi ng process. Wre bonding connects the
| eads fropg tdesGhided Qnt kenheedisal ¢iclf ikt ey Racdkdas reuithpachiagiesal asal | ow
the integrated circuit package to be connected to ot her conponents.

Follomnngaxﬁégémgﬂgglng encapsul ation is enployed to seal the surfaces
rom '

Heretofore, in this field, integrated circuits have been
formed on semiconductor wafers. The wafers are separated into
individual chips and the individual chips are then handled and
packaged. The packaging process is one of the most critical
steps in the integrated circuit fabrication process, both from
the point of view of cost and of reliability. Specifically, the
packaging cost can easily exceed the cost of the integrated
circuit chip and the majority of device failures are packaging
related. |

The integrated circuit must be packaged in a suitable media
that will ptotect it in subsequent manufacturing steps and from
the environment of its intended application. Wire bonding and
encapsulation are the two main steps in the packaging process.
Wire bonding connects the leads from the chip to the terminals
of the package. The terminals allow the integrated circuit
package to be connected to other components. Following wire

bonding, encapsulation is employed to seal the surfaces from



3 noisture and contam nation and to protect the wire bonding and other
conponents from corrosion and nmechani cal shock. Conventionally, the
packagi ng of integrated circuits has involved attaching an individual chip
to a lead frame, where, follow ng wire bonding and encapsul ati on,
designated parts of the |ead frame becone the term nals of the package.
The packaging of integrated circuits has also involved the placenent of
chips on a flexible board where, follow ng adhesion of the <chip to the

surface omolbeutkexhlll echbaninanibni 4104 beddphgteetn tiescainsy|kmniding phnaced
over the chip and the adjacent flexible board to seal and protect the chip

and ot her o¢QEPORERbSnents froifif Q6L HRE S Yand Wid @n i@ ckor _
encapsul ating silicon chips have led to various problens, including

cracking bet veen Lhes RIGRISULAL McBLGE e Alfbodina IALRALALeY,

circuit conponents, as we a rates etot nultl-ssép
nat ure of .the_prqcess. .Cracking has plagued the industry. because of

di ffer encéé‘VPr]lBF e%‘%‘@‘f‘?’i"@?eﬁf‘ d&‘%&dﬁ@i Ehsiorf di;?aci her A% r SPSHE -
conponents, for exanple, between the soldering nmaterials at the different
i nt er f aceFAA@WEGWETFARIMNIINT AR PRFRPEHI I copiERted @88 Rf i s

al so frequent between the silicon wafer and the encapsul ation materi al s,
usual | y epdred etead frame become the terminals of the package. The

packaging of integrated circuits has also involved the placement
of chips on a flexible board where, £following adhesion of the
chip to the surface of the flexible board and wire bonding, an
encapsulant is placed over the chip and the adjacent flexible
board to seal and protect the chip and other components.
Unfortunately, current methods for encapsulating silicon
chips have led to various problems, including cracking between
the encapsulation material and the integrated circuit
components, as well as high failure rates 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 is also frequent between the

silicon wafer and the encapsulation materials, usually epoxies,



4 due to the extrene variations in tenperature in various environnments and
between periods of operation and non-operation. Even if the

encapsul ated silicon chip is successfully assenbled into a working

i ntegrated circuit, another problemis conmmonly encountered. Once the
silicon chipis encapsulated It is typically surface nounted using radi ant
heat or vapor saturated heating. Thig process, however, can |lead to poor
coplanarity due to uneven reflow, |leading to integrated circuit failure.
Ther ef or gjuea feed thes extsemef ovaniaf ivegr dired teimperiat urgac kagevantoas
process for producing an integrated circuit package wherein a single

mat eri al M detmened hAdadwereen tertiides ofoopéeati@xidide nNepmabgepadiphot ect
the chip during subsequent manufacturing and testing steps as well as from

the environnenive0f jict Sthdt @RdaPsNIBREYE. 5 {1 NIRGH eﬁ§pa|§§ 3hteedskqail
smaller, nore versatile integrated circuit package nade frommaterials

assembled into a working integrated circuit, another problem is
commonly encountered. Once the silicon chip is encapsulated it
is typically surface mounted using radiant heat or vapor
saturated heating. This process, however, can lead to poor
coplanarity due to uneven reflow, leading to integrated circuit
failure.

Therefore, a need has arisen'for an integrated circuit
package and a process for producing an integrated circuit
package wherein a single material may be used to adhere the chip
to the flexible board aﬁd protect the chip during subsequent
manufacturing and testing steps as well as from the environment
of its intended purpose. A need has also arisen for a smaller,
more versatile integrated circuit package made from materials
and by methods that lead to increased yield by more closely

matching the coefficient of thermal expansibn of the materials

used in the package.



and by methods that lead to increased yield by nore closely matching the
coefficient of thermal expansion of the materials wused in the package.

5 . SUMVARY OF THE | NVENTI ON The present invention
di scl osed herein conprises an integrated circuit package and a process
for producing an integrated circuit package that protects the silicon
chip during manufacturing and testing § eps and fromthe environnent of
its intended purpose using the sanme material that adheres the silicon

chip to the printed circuit ggmxRy oF THE NNVENTG@Mted circuit package is
produced by placing an adhesive material on one surface of a substrate

then placi ng arn&hi préfesnt AcFeNt idh t Ne SANERIY € MBS alcopai sklat

chip is adhered to the substrate by the adhesive material and such Fﬁgf a
el 13 PHMASER B A PR i Rl A oGRS
and Secongnggéigggg'circuit package that protects the silicon chip during
manufacturing and testing steps and from the environment of its
intended purpose using the same material that adheres the
silicon chip to the printed circuit board.
The integrated circuit package is produced by placing an
adhesive material on one surface of a substrate then placing a
chip in contact with the adhesive material such that the chip is
adhered to the substrate by the adhesive material and such that
a seal is provided around the perimeter of said chip by the
adhesive matexial to protect said chip.
The substrate has an opening and first and second surfaces.
A plurality of routing strips are integral with the substrate
and extend into the opening. A plurality of pads are disposed
on the first surface, at least one of the pads is electrically
connected with at least one of the routing strips. The chip has
at least one bonding pad. Wire bonding electrically connecting
the bonding pad to at least one of the routing strips. Potting
material fills the opening. At least one solder ball is attachd

to at least one of the pads disposed on the first surface.



A plurality of routing strips are integral with the substrate and extend
into the opening. A plurality of pads are disposed on the first surface,.
at least one of the pads is electrically connected with at |east one of
the routing strips. The chip has at |east one bonding pad. Wre bonding
electrically connecting the bonding pad to at | east one of the routing

strips. Potting material fills the opesing. At |east one solder ball is
attachd to at |east one of the pads disposed on the first surface.
6 The procBBg @rogessciih@ttrcng the t GRiBUbBSt thee SRSE rajtec|aldss

positioning the chip in contact with the adhesive Ilayer, placing the chip
on a nount inglstiege, papitl yomiachebhet achiftheinhigontautl ywigh a ther cedhes ivee
chip, and flow ng the adhesive around the perineter of the chip. I n one

enmbodi ment 1@kelrhe plpc@sgnic hien\e@iild @h tadandieiiitidit sd £380 Mppid iny tHeatchip 1S
bet ween about 200 [err]C and 250 [err]C and may preferably be about 220

%ﬁrer] C. Inep@nenephodhiBPingla (e €8CBhe! BYEP! | OMH IAISWIALC EhEPRENEL O
around the perimeter of the chip. In one embodiment of the
present invention the temperature applied to the chip is between
about 200 °C and 250 °C and may preferably be about 220 °C. 1In
one embodiment of the present invention the force applied to the
chip may be between about 150 and 200 grams and preferably about

175 grams. The force may be applied for between about 2 and 10

seconds and preferably for about 5 seconds.



chip may be between about 150 and 200 grans and preferably about 175
grans. The force may be applied for between about 2 and 10 seconds and
preferably for about 5 seconds. 7
BRI EF- DESCRI PTI ON OF THE DRAW NGS For a nore conpl et e understandi ng of
the features and advantages of the present invention, reference is now
made to the detailed description of the7invention along with the
acconpanyi ng figures in which correspondlng nunerals in the different
figures refer to correspRREERPEICREL N ] ; Figure 1 is a
sinplified end cross-sectional V|em10f an |ntegrated circuit package of
the present invemti @anmore complhete Anderatandphgficil the ieawwiesanand
integrated circuit package of the present invention; and Figure 3 is
a sinplifiRe5rdSed FTS-ERC Ny | Bt fh, A praied T Moot tmkackege of
the present invention in conbination with a heat ed nount i ng stage.

the detailed description of the invention along with the

accompanying figures in which corresponding numerals in the
different figures refer to corresponding parts and in which:

Figure 1 is a simplified end cross-sectional view of an
integrated circuit package of the present invention;

Figure 2 is a simplified top view of an integrated circuit
package of the present invention; and

Figure 3 is a simplified side cross-sectional view of an
integrated «circuit package of the present invention in

combination with a heated mounting stage.



8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e the making
and using of various enbodi nents of the present invention are discussed in
detail below, it should be appreciated that the present invention provides
many applicable inventive concepts which can be enbodied in a wide variety
of specific contexts. The specific enbodi ments di scussed herein are

nmerely illustrative of specific ways to8make and use the invention and do
not delimt the scope of the |nvenQ|on The present invention is
related to high frequdtRAALLEY QESGRIETION: OF < LNYERTEQR d- on- chi p design

that enables a reduction in processing steps durlng the production of
i ntegrated cir¥bilepsbrageking apd agding teRnipas ﬁﬂ?ﬁvgﬁenﬁﬁo@és§ﬂwg

met hod, the present invention neets the space constraint requirenents of
nodern seiesendudheeatrion are diseuspeidndinpldestadfl thed qw,esientshauwl@ntbieon
may be incorporated into, for exanple, a synchronous DRAM ( SDRAM silicon
chi p. HowgypkrecihBEAPEREENEN DAY iinSreMIOnapRbYEabE emiRy LAXP1G caBAM

EPROM
inventive concepts which can be embodied in a wide variety of
specific contexts. The specific embodiments discussed herein
are merely illustrative of specific ways to make and use the
invention and do not delimit the scope of the invention.

The present inventioﬁ. is related to high frequency’
integrated circuits using a board-on-chip design that enables a
redﬁction in processing steps during the production of
integrated circuit packages. In addition to the improved
processing method, the present invention meets the space
constraint requirements of modern semiconductors. The
principles of the present invention may be incorporated into,
for example, a synchronous DRAM (SDRAM) silicon chip. However,
the pregent invention is alsoc applicable to LOGIC, SRAM, EPROM
and 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 circuit package 30 comprises a silicon chip 50, which

can be, for example, any integrated circuit component such as a



and any other integrated circuit conponents. Figure 1 is a sinplified
cross-sectional view of an Integrated circuit package that is generally
desi gnated 30. The integrated circuit package 30 conprises a silicon chip
50, which can be, for exanple, any integrated circuit conponent such as a
9 DRAM an EPROM a SRAM or a LOd C chip. Aprinted circuit board 70 is
attached to the silicon chip 50 by an aghesive material 60 that fornms an
adhesive | ayer 62 between the printed circuit board 70 and the silicon-
chi p 50 BRAManapdBRRGNe & ERAMG2TaprolRBICt FRiR | e BFi8ERE SHFEOtpriRad
silicon chip 50 from for exanple, noisture. The adhesive material 60
may be, 7bois akbaphed tn tdhehedilieoyl abiprSepuxan Rdbegivat sateriali &0 board
70 consists of four layers, a top layer 72, an internediate |ayer 74, an

i nter nedicala@ | @yreiis 78n adteaibet tlepdrayez B8tween thEheppiritridedetiewit t
board 70 may be constructed froma material such as FR-4 which is

avai | abl %gfar. My of QhaC¥AEPEE i Pt B0 Wha Y SafesTRedsbal a6 eRPXYnA ESI N
reinforced wth a
the silicon chip 50 to protect silicon chip 50 from, for
example, moisture. The adhesive material 60 may be, for
example, an adhesive glue or epoxy. The printed Circuit board
70 consists of four layers, a top layer 72, an intermediate
layer 74, an intermediate layer 76, and a bottom layer 78.

The printed circuit board 70 may be constructed from a
material such as FR-4 which is available from, for example,
Motorola Inc., U.S.A. FR-4 is an epoxy resin reinforced'with a
woven glass cloth. In selecting the material for printed
circuit board 70, one skilled in the art will recognize that
four parameters should be considered, namely, thickness,
dielectric constant, glass transition temperature and the
coefficient of thermal expansion.

Thickness is dependant on the number of layers required and
the amount of reinforcement used in a given layer. The
reinforcing glass cloth can range in thickness from, for
example, 2 mil per sheet (type 106) to about 8 mil per éheet

(type 7628). Dielectric constant is determined by a combination



woven gl ass cl oth. In selecting the material for printed circuit board

70, one skilled in the art will recognize that four paranmeters should be
consi dered, nanely, thickness, dielectric constant, glass transition
tenperature and the coefficient of thermal expansion. Thi ckness is

dependant on the nunber of layers required and t he amount  of
reinforcenent used in a given | ayer. 10 The reinforcing glass <cloth

can range _in thicknpess per_ sheet (type 106)
to about %ﬁrﬁmepﬁ?sﬁﬁeﬁ§ed ??9pé ?6§§}CKEEEFeBPé 6Y88n§FaﬁF1F§°%E?@FﬁFned

by a conbination 10 of the resin

used and e#rdt hi EkpBESrEndR-Ppdast ¥ cligretiarnt congeant SPAnahPUtFR-8 -has a

dielectric constant of about 4.5. This constant can be reduced to about 3

by repl acThijst benspany caeshbe rediced y@arsbeutesy dry rnesplaciiee tinee @pexyt he

t hi ckness, however, the greater the problens associated with thickness

control, reH9h Guthagesyanyeesekterdiekhns ef IRl igeard RORY tHiRKnessEf il .

| however, the greater the problems associated with thickness

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

The temperature at which a resin changes from a glass-like
state into a “rubbery" sﬁate is generally designated as T,.
Standard FR-4 is made with a bifunctionally polymerizing epoxy
that has a T, of about 110 °C. Higher T, temperatures, such as
125-150 °C may be withstood by using a tetrafunctional epoxy.
For higher T, ﬁalues, in the range of 150 to 200 °C a cyanate
ester:epoxy blend can be used. Additionally, polyimides provide
for printed circuit boards having a Ty above 250 °C.

The coefficient of thermal expansion for FR-4 is about 16
ppm/°C. A difference in the coefficient of thermal expansion
between the printed circuit board 70 made from FR-4 and the
silicon chip 50 can lead to failure of the integrated circuit

package 30 during, not only the assembly of the integrated

circuit package 30, but also during the use of integrated

circuit package 30.



The tenperature at which a resin changes froma gl ass-1ike
state is generally designated as T[err].

"rubbery”

with a bifunctionally polynerizing epoxy
[err] C. Higher Tlerr} tenperatures,

W t hstood by using a tetrafunctional
the range of 150 to 200 [err]C a cyanate
pol yi m des provi de
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chi Chemical Company of Tokyo,

is silver filled thermosetting

type resin film for die-attaching.

DF-335 has the following properties

Test

Remarks Units DF-335
Appearance Visual - silver film
Solid Content 200°C-2h wt 296
Ash Content 600°C-1.5h wtd 40
Ash Content/ 600°C-1.5h wt$/s0lid 42
Solid
Thickness Dial gauge um 25
Tensile R.T. kgf /mm? 7.1
Strength
Tensile R.T. kg£ /mm? 271
Modulus
Die shear 4x4mm chip/Ag kgf/chip
strength plated alloy 42
R.T. 210
250°C 0.9
Peel strength 8x8mm chip /bare kgf/chip 23.0
240°C (after/ alloy 42
85°C 85%,48h)
Tg TMA, 1B0°C-1h °c 123
cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/85%RH, 48h wté 0.1




Alternatively, the silicon chip 50 can be adhered to the printed circuit
board 70 with a die bonding filmsuch as H ATTACH 335 (DF-335)

manuf actured by Hitachi Chem cal Conpany of Tokyo, Japan. Hl ATTACH- 335
(DF-335) is silver filled thernosetting type resin filmfor

di e-attachi ng. DF-335 has the follow ng properties Test
Remar ks Units DF- 335 Appear ance Vi sual

silver film Solid Content 200[ er r 1@ 2h wt % [err] 96
Ash Content  ornh&Q0[ @xiakd '11595h of adh‘@s@ves lnclud@ t@t%Q‘mQQ@EEQBg
600[ err] G 1. 5h wt % sol i d Solid Th| ckness a

gauge

m JENS I e o
kgf / nm{ er r?heé%é; spep SFseng?% égnm IPOIYlmldes Riin[d silicone.
kgf / mfe

ul us sh 4x4mﬂ Chl
kgf / chi p T%?F‘éﬂa’r‘hsmc a]dheSFé{FEd that oya’z’f% Rot-meltgdy i Bord o
[err] 10 250 C 0.9 Peel
strengt h Sheg\8Rx Aff (R PFEEEUKET FeRTptive adhesivel Epppamay abembe afsesy /
~alloy 42 85[ err] C 85% 48h) Tlerr] TMA, 180[err] C 1h

[err]C to adhere sili@3n chip 50 to the prigugesld circuit board 70.
Commonly used are adhesive tapes based on elastomers, silicones
or acrylics because of their ease of use and easy incorporation
into production.

Referring collectively to Figures 1 and 2, intermediate
layer 74 has routing strips 82 that are electrically connected
through 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 the art that the terms “top” and
“bottom” as well as the terms “side” and “end” are used for
illustration purposes only, as the integrated circuit package 30
of the present invention can be assembled aﬁd used in a variety
of positions and ways. Intermediate layer 76 includes a pair of
bus bars 110. The bus bars are electrically connected through
vias 84 to one or more of the pads 100. The bus bars 110 may
serve, for example, as power supplies or grounds, and it is

preferred that one bus bar 110 serve one function, such as a



Modul us Vi scoel astic Mpa 1300

spectroneter Moi st ure 85[err] C/ 85%H, 48h wt % 0.1

12 Q her exahpl es of adhesives i ncl ude t her nosetti ng

adhesives, such as epoxi es, polyim des and silicone.

Ther nopl asti c adhesives that are hot-nelted, in the formof sheets or as a
pressure sensitive adhesive tape may al3o be used to adhere silicon chip
50 to the printed circuit board 70. Comonly used are adhesive tapes based

on el ast paRES, sEPPIEPNAEd e decphiCBubesatisel ®isdiel aneaherofunseicand easy
I ncorporation into production. Referring collectively to Figures 1

and 2, i%h%h”%QiQtSrohﬁﬁer 74 has routing strips 82 that are electrically
connecte through™vias 84 to pads 100 | ocated on top surface 92 of top

2 R STy 2R, S LA B S SR GEnchpp oo
terms "Sii%e"thaendc;r?tnga'\'l aa\rreeauscga szioll:icon chip 50. The bonding pads 120
are connected to routing strips 82 and bus bars 110 by wire
bonding 80.

Even though Figure 1 depicts printed circuit board 70 as
having four layers 72, 74, 76 and 78, it should be understood by
one skilled in the art that printed circuit board 70 may consist
of a single layer or may be a multi—layered board having an
alternate number of layers.

The above described components and their constructions and
"interrelation provide an assembly' that. is encapsulated as
described below. The term “assembly” refers to the assembled
components prior to encapsulation. The assembly consists of
printed circuit board 70, adhered silicon chip 50 and wire
bonding 80. The printed circuit board 70 has a top opening 86
and a cavity 88 with routing strips 82 and bus bars 110
extending into the top opening 86. The top opening 86 and the
cavity 88 are open with respect to one another. Disposed on

pads 100 are solder balls 150.



il lustration purposes only, as the integrated circuit package 30 of the
present invention can be assenbled and used in a variety of positions and
ways. Internediate | ayer 76 includes a pair of bus bars 110. The bus bars
are electrically connected through vias 84 to one or nore of the pads 100.
The bus bars 110 may serve, for exanple, as power supplies or grounds, and
it is preferred that one bus bar 110 sergve one function, such as a

13 power supply, and the second bus bar 110 serve another function, such
as a ground. The wibke bbhdfng 8bi pro&Cesasbé&gins nige parcks €i20i daocattdg 50
generally in the central area of silicon chip 50. The bondi ng pads 120

are conneghgdpban’ adheRadsthbi peidleandibesi Papsatd 076y VEIBicdonhing 0.
Even though Figure 1 depicts printed circuit board 70 as having four

g?{e[ﬁaZZ’SIp]éﬁPe§§xt%® I dltc 3&%& b aegercﬁteaog;o@imeﬂedsw lediddt dde

Circuit boar may consi st a single llayer or may be
a nultl-I%%%gsgagoggdr2§¥én erkemperature of the combination to a point

between 100°-300°C. A gold wire having a diameter typically
ranging from 0.7 mil. to ;.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 of the wire using either
a flame or a spark technique. This soldering ball is then
brought to bonding pad 120 on the silicon chip 50 and a
combination of compression force and ultrasonic energy are used
to create the desired metallurgical bond. Using this “stitch”
techniqué significantly reduces the cross-section of the.wire at
that point. A loop is 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 routing strip 82 or bus bar 110. The wire bonding 80 is
clamped and the capillary raised,-such that the wire bonding 80
will break free at the ocuter edge of the bond. This process is
repeated until all the bonding pads 120 that require electrical

connection on the silicon chip 50 are electrically connected to

printed circuit board 70.



al ternate nunber of |ayers. The above descri bed conponents and their
constructions and interrelation provide an assenbly that 1is

encapsul ated as described below. The term"assenbly" refers to the
assenbl ed conponents prior to encapsul ation. The assenbly consists of
printed circuit board 70, adhered silicon chip 50 and wire bonding 80. The
printed circuit board 70 has a top openighg 86 and a cavity 88 wth routing
strips 82 and bus bars 110 extending into the top opening 86. The top

openi ng 86 andediewiGRy i the &Bssaéne:m%t WHd dsReEdeddiRA dRipheents,
Di sposed on pads 100 are solder balls 150.

éghered to prl nt egx(yc]:élrsgglstsg oar‘g%%t}pgg#ﬁg%ekﬁ%r %ii gﬁga%r%e%t e%e&t&%?u??en

board 70 e_t he ositioned.on a heat.ed edestal to raise the tenperature
of the coﬁ% ) |<g?1&feo ahpfber (P ‘b"eﬁﬁeeéﬁnfo err]-300[err]C. Agold wire

having a dianeter typically
The potting material 90 may be a cyanate ester-type resin

available from Shin-Etsu Chemical Co., Ltd., such as KMC 184VA
and KMC 188VA-4. Other examples of potting materials 90 that
may be used with the present invention include epoxies,.
polyesters, pélyimides, cyanoacrylates, ceramic, silicone and
urethane. The potting materiai; 90 may also contain fillers
that affect the coefficient of thermal expansion, as well as the
strength and flexibility of the potting material 90. The
selection of potting material 90 and fillers will depend on the

components used to make the integrated circuit package 30, as

will be known to those of skill in the art.



ranging fromO0.7 ml. to 1.3 ml. is strung through a heated capillary
where the tenperature may range between 200[err]-500[err]C. A soldering
ball is created at the end of the wire using either a flane or a spark

t echni que. This soldering ball is then brought to bonding pad 120 on the
silicon chip 50 and a conbination of conpression force and ultrasonic
energy are used to create the desired ggtallurgical bond. Using this
"stitch" technique significantly reduc the cross-section of the wire at

t hat point. A Ioop is §f§§é§@lé§l 5@@9@{&@%@91(38@@@&@ the bond that
has just Hee evet—a ” 56 35 e o

connection on t he printed circuit board 75"°’§’ucﬁ°’a§'§sF6ﬁt |Shb‘°§f’?| pUIEQh'b‘Fe bus
bar 110. TheivdLcbanding 80-4583 clanped and the capillary raised, such
that the wire bssndeng 80 wll break freesad tha.puter edge of thg;pond.
Thi s process iswosmepeated until all the bengling-pads 120 athat reqsiqe

el ectrical , connection on the S|I|con chip 50 are electrically connected to
printed ci ‘?’c,sﬁi"?a“dB‘&r{fc’?ﬁr

0.04 0.017 0.001 0.123

10‘ Hz . 0.03 --- 0.001 0.03
Dielectric strength, D-149;

V/mil 450 325 550 400
Volume resistivity, D-257; .

Q- cm 1018 10 1038 1013
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 1.18 1.2 1.05 . 1.0
Water absorption, D-$70; % 24 h 0.15 0.3 0.12 0.4
Heat deflection temperature,

D-648; at 264 1lb/in?, °F 380 260 < 70 < 70
Tensile strength, D-638; 1lb/in? 9000 10,000 1000 2000
Impact strength (Izod), D-256;

ft ¢ 1b/in 0.5 0.3 No break No break
Coefficient of thermal expansion,

D-969; 10°5/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;

Btu - in/ (h-£t*°F) 1.7 1.7 1.5 1.5
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

The solder balls 150 used with the present invention may be
attached to the pads 100 using conventional solder reflow
systems. For example, a vapor phase solder reflow system may be

used, which condenses vapor to surround the integrated circuit



15 Foll owi ng the assenbly of the above-described conponents, the
opening 86 is filled with potting material 90 as represented by the dashed
| i ne above openi ng 86. The potting nmaterial 90 may be a cyanate
ester-type resin available from Shin-Etsu Chem cal Co., Ltd., such as KMC
184VA and KMC 188VA-4. O her exanples of potting nmaterials 90 that nay
be used with the present invention include epoxies, polyesters,

~ polyimdes, cyanoacrylates, ceranic, sildcone and urethane. The potting

mat eri al s 90, AgY %'050ar§‘c9”£1%’é npbiht S citlali caffhsla the aeek! hCidludfot
t her mal . expan5|on as mel as the strength and flexibility of the potting

IR T SR R Rt L

conpone S uséd to nak tegrated circuit package

as wll be known to thos Ki | n.the art
16 fluorocarbgpob§r€+ 3} 8&FhP8PPPﬁ§ BREFHY to form a vapor
and to sustain a vapor cloud. When the integrated circuit

package 30 is then passed through the wvapor, the wvaporized
liquid condenses thereon and gives off the latent heat of
vaporization. This energy is then transferred to the integrated
circuit package 30. As long as the integrated circuit package
30 remains in the vapor, the vapor continues to give off energy
at a repeatable fixed rate and temperature, until the integrated
circuit package 30 reaches the temperature of the vapor. The
advantage of using a nonchlorinated fluorocarbon is that it is
extremely thermally stéble, colorless, odorless and
nonflammable. In addition, it has a low toxicity, low surface
temperature, low boiling point, and low heat of vaporization.
Because the fluid form of the non-chlorinated fluorocarbon is
inért, it does not react with fluxes or component materials, nor
does it absorb oxygen or other gases that cause reactions during
the solder reflow. Most commercially available fluorocarbons
used for vapoi' phase reflow are formulated to vaporize at
precisely stable reflow temperatures for different solder

materials, as will be known to those skilled in the art.



Epoxy Polyester Silicone Urethane D electric constant, D 150 60
Hz

i 3.9 4.7 2.7 5.7
10[err] Hz 3.2 --- 2.7 3.4
Di ssi pation factor, D 150 60 Hz 0. 04
0.017 0. 001 0.123 10[err] Hz 0. 03
--- 0. 001 0.03 Dielectric, strength, D 149; VIiml
450 325 550 400 Vol the resistivity, D 257; [err]
- cmo The vaporizatildl @leberatd®Eewill depend B2 €he] solder tyify err]
Arc resistance, D-4d%; seconds 150 135 120 180

Specific grayjt 7 - 9 L. th 1.0Pori 4 0
Vator absSPSPEoiset: 5o PRtk Spmperaturepigeild or the nongolforinated: |

Heat defl ect | . D-648: .at_264 | blin2 E 380
reg o FluptPratBBRsTEAE ars WFed e r‘é"“r%%,é%’é%%gﬁr LS/*Pr‘i’é‘ below. 9000

10, 000 1000 2000 Inpact strength (lzod), D 256; ft Iblin
0.5 0.3 No break No break Coefficient of thernmal expansion
D-969; 10[err]/[err]F _ _ 5.5 7.5 4.0
15 Thermal conduct i¥eRorizgtipn Temperagpygesi pn@hSeider rTyyes 1.7
1.7 1.5 1.5 Linear shrinkage; % 0.3
i7g uid Temperé.t(t)xreEI ongation, - 6:§%;Cld(g°r Type S 3

56, 80, 97, 101, 102°C and 100 In

155°C 37 Sn/38 Pb/25 In

165°C 70 Sn/18 Pn/12 In

70 In/30 Pb
174°C 60 In/40 Pb
190°C 90 In/10 Ag

50 In/50 Pb
63 Sn/37 Pb
70 Sn/30 Pb
60 Sn/40 Pb

215°C and 230°C 60 Sn/40 In

60 Sn/40 Pb
63 Sn/37 Pb
70 Sn/30 Pb
62 Sn/36 Pb/2 Ag

240°C and 253°C : 75 Pb/25 In
81 Pb/19 In
260°C and 265°C 96.5 Sn/3.5 Ag

Alternatively, infrared or radiant heated solder reflow may
be used. In such a system each component of the soldering

system is directly exposed to radiation from a heating element.



The sol der balls 150 used with the present invention may be attached to
t he. pads 100 using conventional solder reflow systens. For exanple, a
vapor phase sol der reflow system may be used, which condenses vapor to
surround the integrated circuit 17
package 30 and the printed circuit board 70 with a cloud of steam A
liquid, such as a nonchlorinated (non CFC) fluorocarbon is first
heated wi th enough energy to forma vagbr and to sustain a vapor cloud.

When t he gditegirabad €héCUtddifRCKAgRrYY) | elehentpasseddurmegh bhe vagor,

t he vaporlzed quuid condenses thereon and gives off the | atent heat of
vapor i zat c%ﬂ? $ Lhea-hsagster fed &81&86159@&‘@&@& circuit
package 3 ong a ogﬁgklntegrgte§30|rCU|t package 30 renalﬁ% in the

vapor, the va elely) tinues to ff. ener at r epeat flxe rate
and tenperatu&g ﬁoq eal%ﬁ%% 82 ci® 3¥ spé% éﬁgp ﬁeac ES

t enper at ure of the vapor . The advantage of u3|ng a nonchlorlnated
f1 uor ocar Hontaces 2k qulgomponents to the radiant hea which may not

reach interior areas as efficiently as with vapor saturated
heating methods as described above. The present invention,
however, is not affected by this typical problem because of the
use of solder balls 150 instead of leads. In fact, due to the
reduced overall size either method, vapor phase solder reflow or
radiant heated solder reflow, may be effectively used with the
present invention.

The present invention also solves other problems associated
with solder reflow systems. These problems include the creation
or failure due to voids,'coplanarity, tombstoning, open joints,
component cracking, thermal shock and thermal stressing. The
present invention solves these problems because it.dispenses
with the need for electrically connecting soldering leads to the
integrated circuit package 30. By wusing solder balls 150
instead of leads, the problems associated with voids around pad
areas or under leads caused by incomplete reflow or poor welding
of the soldering surface due to improper flux or badly oxidized

surfaces is eliminated. The problems of coplanarity and



extrenely thermal |y st abl e, col orl ess, odor | ess and

nonf.l anmable. In addition, it has a low toxicity, |ow surface tenperature,
| ow boiling point, and | ow heat of vaporization. .Because the fluid form of
t he non-chlorinated fluorocarbon is inert, it does not react with fluxes
or conponent materials, nor does it absorb oxygen or other gases that
cause reactions during the solder reflow. Mst commercially available

fl uorocarbons used for vapor phase refd®w are fornulated to vaporize at

preci sel yrshadtonind| awet eriper atedesed obrdidifierientt esolweimg neber isalseras
will be known to those skilled in the art.

18 THhg1YaPesbZakialsteBneEatEr eeWkh bndgReRdtaN st Bessekdehet ¥R gehei Ny
used. A brief tenperature profile for the non-chlorinated fluorocarbons
that are Hgfg ag éaP% ds is shown bel ow. Vapori zation
Tenper at ures an ol der “Types Fluid Tenperature Sol der

Type Open Jjoints are wusually caused by problems with

~coplanarity, while cracking may occur when trapped moisture
within an integrated circuit package expands as the device is
heated for reflow. The increase in internal pressure, causes
the integrated circuit package to split open, usually at one of
the corners. The splitting of the package causes wire bonding
from the lead frame to the silicon chip to break and in some
cases the silicon chips have cracked due to the warpage at the
top of the package as the temperature differentials between the
top and the bottom of the device cause different rates of
expansion.

Using the present invention, the only surface temperature
differential that occurs is between the solder ball 150 and the
printed circuit board 70, which allows either vapor phase solder
reflow or radiant heat solder reflow to be available for
producing the present invention. The small size of the solder
balls 150, and of the integrated circuit package 130 as a whole,
allows for any of the reflow systems to be used with the because

the temperature differential between the components is almost



56, 80, 97, 101, 102[err]C and 100 In 155 J[err]C

37 Sn/ 38 Pb/25 In 165[err]C 70 Sn/18 Pn/12 In
70 In/30 Pb 174]err] C 60 In/40 Pb 190[err] C
90 1n/10 Ag 50 In/50 Pb -
63 Sn/ 37 Pb 70 Sn/ 30 Pb

60 Sn/ 40 Pb 215[err]C and 230[err]C 60 Sn/40 In

60 Sn/ 40 Pb 21 63 Sn/ 37 Pb

70 Sn/ 30 f¥yligible. Furthermore, by selecting a2 aBhe3dvEbmatAgial 90
240[ err] C and 253[err]C 75 Pb/ 25 In

81 Pb/ 19 h &y ing 26YUSreiCiand E85EREFMS expansion similar,9%:d egtad- 2oAY

Alternatively,  infrared or radi ant heated sol der reflow may be used.

such a sYshem ey GQIRORNt palk e RELACIINGe SRS dlriskildntsgposed
enment .

to radi atron

roma heating e

the integrated circuit package 30, heat reflow effects and
problems can be minimized.

Although the board-on-chip layout of integrated circuit
package 30 as depicted in Figures 1 and 2 has been described
using centralized bonding pads 120, it should be understood by
one skilled in the art that the principles of the present
invention are applicable to a silicon chip 50 with bonding pads
120 in alternate layouts such as positioned along the sides of
the silicon chip 50.

Also, it shéuld be noted by one skilled in the art that
pads 100 and bus bars 110 may be located on a single layer of
printed circuit board 70. Generally, a layer of insulated tape
or coating may be placed on the bus bars 110 to provide for
electrical isolation. The advantage of a multi-layer printed
circuit board 70, however, is the elimination of the need to
insulate the bus bars 110. Addi£ionally, the multi-layer

printed circuit board 70 provides a greater process margin for

wire bonding.

In



19 Heat fromthe radi ant energy elenent is absorbed by the different
conponents according to its nol ecular structure. Conventi onal radi ant
heat systens expose only the outer surfaces of the conponents to the

radi ant heat, which may not reach interior areas as efficiently as with
vapor saturated heating nmethods as described above. The present

i nvention, however, is not affected By this typical problem because of the’
use of solder balls 150 instead of leads. In fact, due to the reduced

overal | size eiiigele M®t Hed, avanaiplaffasa solder cretkoveot ionalli ankwhest ed
sol der reflow, may be effectively used with the present invention.

The pres 'gPQEEd‘Hlf¥d¥% lok@geoter RhRbligRgIateal i edui W bhc-Rasder
ref|0w13§§?§%3. These probl§%§ i%glude t he c#éat?%% or fai?treﬁdue 0

voi ds, c aparit. o] PNl 0g, N d OL NL S ent _.Gr acky ther m
shock an hceéra}“r#aﬁwss?ér eagts)?{ngﬂé}gecg e%%n%lq{i nee ?gggésao?%]égu?ﬁeﬁsggﬁ? oﬁ?ems
because it dispenses w.th the need for electrically caonnecting sol dering
Jeads to THRF AeESPSPER EPr BOPt SphiRay P o0 &Y @ AGRSsRye, PBLPFLat 150
i nstead of |eads, the problens associated with voids around pad areas or
under | ea®®- catBedPbintadorprevetrbppet 3P pEBEifEFdPAgthEeet hayesPdedi ng
surface due to inproper flux or badly oxidized
top layer 72, an intermediate layer 74, an intermediate layer

76, and a bottom layer 78. The printed circuit board 70 has a
top -opening 86..

The process for bonding silicon chip 50 to printed circuit
board 70 involves attaching an adhesive film on printed circuit
board 70 a; 160°C. for five seconds with an applied force of
1,000-3,000 grams. The silicon chip 50 is then placed on the
film and the combination of the printed circuit board 70 and the
silicon chip 50 is placed on a heated mounting stage 112.
Heated mounting stage 112 is at a temperature of 220°C and'.
applies a force of about 150-200 grams for five seconds allowing
adhesive material 60 to flow into the areas between silicon chip
50 and bottom layer 78 to form an adhesive seal 64 and an
adhesive layer 62 around silicon chip 50.

The present invention may use a double sided integrated
circuit package 30 to achieve an overall reduction in height.

It also allows for decreased failure due to the reduced number



sur faces
20 tonbst
because s
Open  joi
cracki ng
package e
i nt er nal

usual ly a
bondi ng

cases the
package a
t he devic
i nvention

I's elimnated. The problens of coplanarity and
oning are also reduced or elimnated using the solder balls 150
urface tension on both sides of the solder balls 150 is equal.

nts are wusually caused by problens wth coplanarity, while

may occur when trapped noisture wthin an integrated circuit
xpands as the device is heated for reflow. The increase in
pressure, causes the integrat2d circuit package to split open,

%fo%l(geretdh%%ﬂearl% HEei 5P| LhtlPagOldelie iBaekage ozaustscny e
romthe lead frame to the silicon cﬁlp to break and in sone

SRRUSEEED, AR, DR SR o et et iR 0801, e
% G gigﬂ ;Lé%ggg%bQ?%ﬁ%g%%pﬁiﬁpgg?Ifgg exampleyshg oigeuﬁ{€§%2§
streamlining the assembly process not only in reduced number of
steps, but also by elimination the curing steps associated with
encapsulating integrated circuit. The present invention further
reduces the amount of material used in producing integrated
circuit packages 30, thereby saving time, money and the
environment.

Furthermore, the method of the present invention takes
advantage of the top opening 86 at the center of the printed
circuit board 70 for “potting” the wire bonding 80 that connect
the silicon chip 50 aﬁd the printed circuit board 70 in a single
step. By filling the opening 86 with an adhesive material 90 to
create an adhesive layer 60, the wire bonding 80 between silicon
chip 50 and the printed circuit board 70 are generally protected
from the environment and are particularly protected from
moisture due to the hermetic nature of the encapsulation.

The method of adhering the silicon chip 50 to the printed
circuit board 70 of the present invention provides protection
for silicon chip 50 by hermetically sealing silicon chip 50 from

the environment. A reduce profile is also achieved by allowing

om of



differential that occurs is between the solder ball 150 and the printed
circuit board 70, which allows either vapor phase solder reflow or radi ant
heat solder reflow to be available for producing the present invention.
The smal |l size of the solder balls 150, and of the integrated circuit
package 130 as a whole, allows for any of the reflow systens to be used
with the because the tenperature differential between the conponents is

al nost 24 21 negligible. Furthernore,
by sel ectiwg aBnagdpeshvevenier ivdciiddayinghr coElf{dan eshipfl shetdrabe
expansion simlar, or equal to, the coefficient of thermal expansion of

the ot hern,gpmema% atermgbﬁcmf%aa@&t%{gcwe eaﬁhée&&% HRdledrfthaw

effects a probl ers can be n1n|n1ze hough t he board-on-chip

| ayout of rat d CIFCUIt ck a lct K gur and_2 has
been desc?fg ﬁgnuglnﬁ centr |€§§i %% %h%%ﬁ g %%af sﬁgﬁlﬁ bggﬁn eFst ood

by one skilled in the art that the r|nC|pIesﬂ@i t%ﬁ pr esent l|nven I on
are appl i GBBIINT 0 885 PR ERi B0NGREH HonTP AR Pty  encapsulate the

entire assembly.

The present invention also 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 elimination the curing steps associated with
encapsulating integrated circuit. The present invention further
reduces the amount of material used in producing integrated
circuit packages 30, thereby saving time, money and the
environment.

.The problems of coplanarity are eliminated by using solder
balls 150 to attach the integrated circuit package 30 to another
printed circuit board, suéh as a mother board; because there are
no leads that may bend and there are no deviations from the
plane of the motherboard to which the module is being connected.

Additionally, reduced environmental impact is obtained
using the method and apparatus of the present invention due to

the overall decrease in the size of the integrated circuit

package 30.



120 in alternate | ayouts such as positioned along the sides of the silicon
chi p. 50. Al'so, it should be noted by one skilled in the art that

pads 100 and bus bars 110 may be | ocated on a single layer of printed
circuit board 70. Generally, a layer of insulated tape or coating nay be
pl aced on the bus bars 110 to provide for electrical isolation. The
advantage of a nulti-layer printed cirzsuit board 70, however, is the

elimnation of the need to insulate the bus bars 110. Addi tional ly,
the mul ti-| ayemhipel dieik cificenht idwahds 7Bepho\dedrRs idedr €al efe fHERSS €& gi N
for wre bonding. 22 Figure 3

i s a_ sinmplijifi &4 18k 4¢eCLASSA SRGHE HNA W Wsehi pt RERIL ALRLL GintelikaPREkBge
30. The integrated circuit package 30 conprises a silicon chip 50 and a

[ d ci ' 70 ool d 2 Sl . Ghip . b
Bnostve AT oln e 1AM RS CPRHET LotPRToR ol ¥ Ll

| ayers, a \ ] . . .
y combinations of the illustrative embodiments, as well as other

embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is
therefore intended that the appended claims encompass any such

modifications or embodiments.



top layer 72, an internediate |ayer 74, an internediate layer 76, and a
bottom | ayer 78. The printed circuit board 70 has a top opening 86.

The process for bonding silicon chip 50 to printed circuit board 70

i nvol ves attaching an adhesive filmon printed circuit _board 70 at

160[err]C. for five seconds with an applied force 3D' 1, 000-3, 000 grans.
It

The silicon chip 50 is then placed on ?tc%e filman ﬂﬂgMMIHMLOf t he
t ed
H

printed circuit board 70 and the silibn chip 50

nount i Ng whaweid ldiaikd@atiggt nounting stage 112 is at a tenperatur e of
220[err]C and applies a force of about 150-200 grans for five seconds

al l owi ng adhesgj ve AieiHod 60 pPoftéOMndtzd dHip akeashset we e suidsitgafechi p
50 and bottom | ayer 78 to form an adhesive seal 64 and an adhesive |ayer

62 ar ound.g§inbi£OMMEhime Seps of : The present invention may use a double
si ded integrated circult ‘package 30 to achieve an overall reduction in

height. It also gl oW, { Ui R8Pk fed itk LPg, educed number
positioning the chip in contact with said adhesive layer;
placing the chip on a mbunting stage;
applying heat to the chip;
applying a fofce to the chip;
flowing said adhesive around the perimeter of the chip;
adhering the chip to the substrate; and
providing a seal around the perimeter of the chip to

protect the chip.

2. The method as recited in claim 1 wherein the step of
attaching an adhesive layer to the substrate further includes

the steps of applying heat to said adhesive layer and applying

a force to said adhesive layer.

3. The method as recited in claim 1 wherein the step of
applying heat to the chip further include applying heat at a

temperature between about 200 °C and 250 °C.



23 of soldered materials having varying coefficients of thermal expansion.
The. present invention further reduces the overall nunber of steps.in the
assenbly of, for exanple, nmenory units by streamining the assenblgiE

process not only in reduced nunber of steps, but awmm“l&“ \“Hl
curing steps associated with -encapsulating integratl Uil e
invention further reduces the anmount of_material used in produclng

integrated circuit packages 30, thereb Tsavi ng time, noney and the
environnment. . THE AN s e itRidae fldiRe 1pheeaetini A¥enktep bakes
advant age of the top opening 86 at the center of the printed circuit board
70 for "p i g t i di 8 ofReLige t P4 i b 5Q and
the printe %:% i?g%%ma?’g ?%@i r?JKaipsickr% eergt ep. Eg/efl ?%%ﬂgfage%%e%fng 86
with an adhesi%/e n}aéeré alb°9uq: :12%0 Greate an adhesive | ayer 60, the wire
bondi ng 8bSTREVREASiTH P K4 56 and the printed circuit board 70 are
generally protected fromthe environnment and are particularly protected
from noisture due to the hernetic nature of the encapsul ation. The
met hod of adhering the silicon chip 50 to the printed circuit board 70 of
the present inBentiBreproviieRaAHripeiciednin ¢krin|l jwhnrein Fiwo spep of
hernetically sealing silicon chip 50 from

applying a force to the chip further includes applying between

t he
resent

about 150 and 200 grams.

6. The method as recited in claim 1 wherein the step of

applying a force to the chip further includes applying of about

175 grams.

7. The method as recited in claim 1 wherein the step of
applying a force to the chip further includes applying said

force for between about 2 and 10 seconds.

8. The method as recited in claim 1 wherein the step of

applying a force to the chip further includes applying said

force for about & seconds.

9. An integrated circuit package produced by a process

comprising the steps of:



the environment. A reduce profile is also achieved by allow ng
24 t.he non-operative or backside of the silicon chip 50 to be exposed. By
hernetical |y protecting the connections between the silicon chip 50 and

the printed circuit board 70 at the top opening 86, lﬂﬁlﬁ umlnm utﬁﬂlt
conpl etely encapsulate the entire assenbly. Th
al so reduces the overall nunber of steps in the assenbly of - exdnpl e,

menory units by streanmlining the asse @ process not only |n reduced

nunber of stepbrAAWird S8 RupltirEteat honi Adie agUr dpth Sicf PSn@S FAGisa! eghdti th
encapsul ating integrated circuit. The present invention further reduces

t he anount t ed in producing integrated circuit packages 30,
t her eby sav?{lﬁlsqngﬁ%gy and the environnent. The probl ens of

| t | ted b | d bal 0t t th
f(rjlltoegpg{ edycﬂ g%e SR %‘é‘ :?Jéhlté%l 3 o?“%&fa%rlﬁ}l %Peﬁaégr%%‘??n osg‘fc ,acsﬁefch as a

not her board, because there are )
placing a chip in contact with said adhesive material, said

chip having at least one bonding pad;

adhering said chip to said substrate w;th said adhesive
material;

providing a seal around the perimeter of said chip_with
said adhesive material to protect said chip;

Iextending a plurality of routing strips within said
substrate to said opening;

disposing a plurality of pads on said first surface of said
substrate;

electrically connecting at least one of said pads with at
‘least one of said routing strips;

electrically connecting said routing strips to at least one

bonding pad on said chip with wire bonding; and

filling said opening with a potting material.

10. The process as recited in claim 9 further including

the steps of:

disposing at least one bus bar on said substrate;



no | eads that may bend and there are no deviations fromthe plane of the
not herboard to which the nodule is being connected. Additionally,.

reduced environnental inpact is obtained usi ng the nethod and aﬁraratus

of the present invention due to the overall decr ease ”“'“Hﬂal“sl“zl Hfl““k
5

integrated circuit package 30.
Wiile this invention has been descrlbedzgn reference to "ilSustrative
enbodi ments, this description is not intended to be construed in a
limting sensfectiMalalQys cobliebicdati easd andleaegbbnat bassbat wheh at
illustrative enbodi nents, as well as other enbodinents of the invention,

w | be appaend %&ﬁlwgadskﬁlhhedllre bBﬁdélﬁ?-UQﬁ'B reference to the
descri ption. I't is therefore intended that the appended cl ai ns enconpass

any such nDdiélééEffHEify éﬁH%%@é?%@t%ald at least one bus bar with at

least one of said pads disposed on said first surface.

11. The process as recited in claim 9 further comprising
the step of attaching at least one solder ball to at least one

of said pads disposed on said first surface.

12 The process as recited in claim 9 wherein the step of
adhering said chip to said substrate with said adhesive material
further includes placing said chip on a mounting stage, applying

heat to said chip and applying a force to said chip.

13. The process as recited in claim 12 wherein the step of
providing a seal around the perimeter of said chip with said .
adhesive material further includes flowing said adhesive around

the perimeter of said chip.

14. An integrated circuit package comprising:

a substrate having an opening and first and second

surfaces;



26 Wat is clainmed is: 1. A nmethod for protecting a chip attached to

a substrate conprising the steps of: - at t achi ng- an -adhesive -t+ayer-—to
t he substrate; positioning the chip in contact w ' '

| ayer; pl acing the chip on a nmounting stage; Wmﬂﬂﬂlglllgnﬁuiuﬂto
the chip; applying a force to the chip; fl Sal (n ackhesl ve
around the perineter of the chip; 3gdhering the chip to the substrate;
and provi ding a seal around the perinmeter of the chip to protect the
chi p. 2. pllhaldeihost asonethyedtinipel deirg whetegnal heishepadid
attachi ng an adhesive |layer to the substrate further includes the steps
of app'Y'QQbBQ@EtéOaﬁaléxﬁéﬂ@ T%elﬁéﬁwﬁafﬁubﬁﬂﬁldg a force to said
adhesi ve | ayer. e method as recited in claim1l wherein the

step of a plurallty of pads disposed on said first surface, at

least one of said pads disposed on said first surface being
electrically connected with at least one of said routing strips;

an adhesive material dispose on said second surface of said
substrate;

‘a chip adhered to said substrate by said adhesiye material,
said chip having at 1least one bonding pad, said adhesive
material surrounding the perimeter of said chip to protect said'
chip;

wire bonding electrically connecting said at 1least one
bonding pad to at least one of said routing strips; and

potting material filling said opening.

15. The integrated circuit package as recited in claim 14
further including a plurality of pads disposed on said second
surfaces, at least one of said pads disposed on said second

surface being electrically connected with at least one of said

routing strips;



applying heat to the chip further include applying heat at a tenperature
bet ween about 200 [err]C and 250 [err]C.

27 4. The nethod as recited in claim1 wherein the step of

heat to the chip further include applying heat at a Mmmn I “j‘[hﬁout
220 [err]C 5. The nethod as recited in clai tep
of applying a force to the chip further includes applyln betmeen about
150 and 200 grans. 6. The nmethdd as recited in claim1 wherein the
step of applweng ThHeoiGeeypaté® chrguitirgdiNagenalsudesiapgl yhnglaimabsut
175 grans. 7. The nethod as recited in claim1l wherein the step of

applyi ng @fif<xe icileinidx frednerohacludes)appkyéavl pakdnnecting at
least one of said pads disposed on said first surface with at

least one of said pads disposed on said second surxface;

17. The integrated circuit package as recited in claim 14
further including at least one bus bar being integral with said
substrate and extending into said opening, said at least one bus
bar electrically connected to at least one of said bonding pads
and at least one said pads disposed on said first and said

second surfaces of said substrate.

18. The integrated circuit package as recited in claim 17
further including wire bonding electrically connecting said bus

bar to at least one of said bonding pads.

19. The integrated circuit package as recited in claim 14 .
further including at least one solder ball located on at least

one of said pads disposed on said first surface.



force for between about 2 and 10 seconds. 8. The nethod as recited
in claiml wherein the step of applying a force to the chip further
i ncludes applying said force for about 5 seconds.

9. An
integrated circuit package produced by a process eps of:
28 obtai ning a substrate having an openi ng and H!ﬂﬂ“"ﬂrrnmmmum
surfaces di sposi ng an adhesi ve mated2al on sai d* secortd Surfack;

placing a chip in contact with said adhesive material, said chip having at
| east one bondi2@. pathe integratlkedr chgcaat dpatkagé Oas atet i LA aWii A osai d
adhesive material; providing a seal around the perineter of said
chip with weardiadhasi veasat jreal of 0 J¥ief egb18akd Ky is electrically

connected with at least one of said routing strips.



extending a plurality of routing strips wwthin said substrate to said

openi ng; di sposing a plurality of pads on said first surface of said
substrate; el ectrically connecting at | east one of said pads with at
| east one of said routing strips; el ectrically connecting said
routing strips to at | east one bonding pad on said chip with wire bonding;
and filling said opening with a pgigting nmaterial. 10. The

process as recited in claim9 further including the steps of:
di sposi ng at | ge9HODNEORUADRERING ARD (SEAIENG @ SILICON CHIP IN AN

29 el ectrically connectNPgGRATED a¢TRERSF EvkAwss bar with at | east
one bonding pad with wire bonding; and electrically connecting said at
| east one bus bar with at

ABSTRACT OF THE DISCLOSURE

A method and apparatus for producing an integrated circuit
package (30) comprising a substrate (70) having an opening (86)
and first and second surfaces (92, 94), a plurality of routing
strips (82) being integral with the substrate (70) and extending
into the opening (86), a plurality of pads (100) disposed on the
first and second surfaces (92, 94) are electrically connected
with at least one of the routing strips (82), wire bonding (80)
electrically connecting at least one bonding pad (120) to at
least one of the routing strips (82) and a silicon chip (50)
attached to the printed circuit board (70) by an adhesive
material (60) that provide a seal between silicon éhip (50) and

printed circuit board (70) is disclosed.

Figure 1
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—7east one of said pads disposed on said first surface. 11. The
process as recited in claim9 further conprising the step of attaching at
|.east one solder ball to at |east one of said pads disposed on said first
surface. 12 The process as recited in cla|n19‘ﬁhere|n the step of
-adhéring said chip to said substrate with said adhe | V& AT BihsHebElkeplatedr t her

“includes placing said chip on a nounting stage, app ald chip
and applying a force to said chip. 13. The pr m% ed in
claim12 wherein the step of providisg a seal aroun r of said

chip wth said adhesive materi al further i ncl udes fl ow ng said adhesive

around the perinmeter of said chip. 14. An integrated circuit
package conpri sing: a substrate having an openi ng and‘?brst and
second surf aces;
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30 a plurality of routing strips being integral with said substrate
and extending into said opening; a plurality of pads disposed on said
first surface, at |east one of said pads disposed on said first surface
being electrically connected with at | east one of said routing-stri-ps;-
an adhesive material dispose on said second surface of ragd., gupstate;

a chip adhered to said substrate by said adhesive materi 5 ed
havi ng at | east one bondi ng pad, said adhesive material mmmj ’ he
- I lam

perineter of said chip to protect said 2d®ip; wiré
el ectrically connecting said at | east one bonding pad to at |east one of
said routing strips; and potting material filling said opening.

15. The integrated circuit package as recited in claim14 further
including a plurality of pads disposed on said second surfaces, at |east
one of said pads disposed on said second surface being electrBglly
connected with at | east one of said )j;




[ /’—
“.routing strips;

o 31 16. The
; I ntegrated circuit package as recitedg | i 5 _further in qung at
l edst one via electrically connecti nggﬁléioﬁﬁ déi faln pas “di sposed
~on said first surface with at |east efof pose®on said
" second surface; - 17. The integrated circuit package as recited in

claim14 further including at |east bus bar ' ' ral with said
substrate and extending into said opeﬁ?gg, sai d a?eﬁre%ﬁ% bus bar

el ectrically connected to at | east one of said bonding pads and at |east
one said pads disposed on said first and said second surfaces of said
substrate. 18. The integrated circuit package as recited in claim

17 further including wire bonding electrically co cting said bus bar to
at | east one of said bonding pads. ‘52?
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- 19. .. The integrated circuit package as recited in claim14 further

' |nclud|ng at | east one solder ball |ocated on at |east one of said pads
di sposed on said first surface. 32
20. The integrated circuit package as recited in claim 19 wherein at |east
one of said solder balls is electrically connected with at |east one of
said routing strips. 2/2
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