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present invention relates in general to the fi§id f() ggi J
packages and nore specifically to substantial
packages having substantially the sanme outllne.as JLhe S|I|con Chlp

uit packages,

BACKGROUND OF THE | NVENTION Wthout limting t he &) Xg |nvent|on,
its background is described in connection with in¥égr ted C
as an exanple. Heretofore, in this field, integrated circuits have
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CHIP SIZE INTEGRATED CIRCUIT PACKAGE

TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field
of integrated circuit packages and more specifically to
substantially flat integrated «circuit packages having

substantially the same outline as the silicon chip.



been formed on sem conductor wafers. The wafers are separated into
I ndi vi dual chips and the individual chips are then handl ed and packaged.
The packagi ng process is one of the nobst <critical steps in the
integrated circuit fabrication process, both fromthe point of view of
cost and of reliability. Specifically, the packaging cost can easily exceed
the cost of the integrated circuit chi®and the magjority of device failures
are packaging related. The |ntegrated CIrCUIt nmust be packaged in a
suitable nmedia that will PBASESRO OF Sl dAVENTIeMhuf act uri ng st eps and
fromthe environnment of its intended appllcatlon W re bondi ng and
encapsul ati on Withowe thbnkbingstepe i scepre pafkaghsg pryeasdony r difondi ng
connects the |eads fromthe chip to the termnals of the package. The
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conponents. Following wre bondln? encapsul ation 1is
circuit packages, as an example.

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 failurés are packaginé related.

The integrated circuit must be packaged in a suitable
media that will protect it in subsequent manufacturing steps
and from the environment of its intended application. Wire
bonding and encapsulation are the two maiﬁ. steps in the

i packaging process. Wire bonding connects the leads from the
chip to the terminals of the package. The términals allow
the integrated circuit package to be connecfed to othér
components. Following wire bonding, encapsulation is
employed to seal the surfaces from moisture and
contamination and to protect the wire bonding and other

components from corrosion and mechanical shock.



enpl oyed to seal t he surfaces from noisture and contam nation
and to protect the wire bonding and ot her conponents from corrosion and
mechani cal shock. 3 Conventionally, the packaging of integrated circuits
has invol ved attaching an individual chip to a | ead frane, where, follow ng
wi re bondi ng and encapsul ati on, designated parts of the | ead franme becone
the termnals of the package. The packaging of integrated circuits has al so
i nvol ved the placenent of chips on a fl#xible board where, follow ng

adhesi on of t Censentitomaliey,sutthacepatkaging| exfi bliatiegaateshdchkceibendi ng,
an encapsul ant is placed over the chip and the adjacent flexible board to
seal andhasotiantoXwed catpaahiing an individual chip to a lead frame,
where, following wire bonding and encapsulation, designated
parts of the lead 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 1led 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

. - 14
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, wusually

epoxies, due to the extreme variations in temperature in

various environments and between periods of operation and

non-operation.



ot her conponents. Unfortunately, current et hods for encapsul ati ng

silicon chips have led to various problens,
the encapsulation material and the integrated circuit conmponents, as

wel |l as high failure rates due to the nulti-step nature of the process.
Cracki ng has plagued the industry because of differences in the
coefficient of t her mal expansi on 4 of the different conponents,

exanpl e,

between the soldering materials at the different interfaces and
bet ween net al IBwemndf nhe mRcERTU at@ehonbhi SOnCCRAR nkS | §UaF8§SErddient

I ncl udi ng cracking between

for

between the silicon wafer and the encapsul ation materials, usually _epoxies,

due to tREsSARkeR WAES A | WARking t IMRIERERY FRUGRFoudnehbeF oRFERIE™aNd

bet ween peri ods of operation and non-operation.

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 that provides for minimizing the size of integrated
circuit packages. A need has also arisen for an integrated
circuit package with a low profile and reduced outline that
provide; for maximum protection to the critical components

of the integrated circuit package.



4 Even if the encapsulated silicon chip is successfully assenbled into a
working integrated circuit, another problemis commonly encountered.
Once the silicon chip is encapsulated it is typically surface nounted
usi ng radi ant heat or vapor saturated heating. This process, however, can
| ead to poor coplanarity due to uneven reflow, |eading to integrated
circuit failure. Therefore, a need has ar sen for an integrated circuit
package and a process for producing an integrated circuit package that

provi des for mnimzing thEBMARYOR M INGENTION Ui t packages. A need has
also arisen for an integrated circuit package with a low profile and
reduced outl i Thet hprepenti disvéntiomxidisslosedcthanein complisescahn

conponent s
integrated circuit package and a process for producing an
integrated circuit package that provides for an integrated
circuit'package with a low profile and a small outline. The
integrated circuit package of the present invention also
simplifies manufacturing and the design of underlying
components that form part of an overall integrated circuit.
The integrated circuit package comprises a substrate
having an opening, first and second surfaces and an outline.
A plurality of routing strips are integral with the
substrate. A plurality of pads are disposed on the first
surfacef at least one of the pads being electrically
connected . with at least one of the routing strips. A chip
is adhered to the second surface of the substrate. The chip
has an outline that is substantially the same as the outline
of the substrate. The chip has at least oﬁe bqg?ing pad.
Wire bonding electrically connects the bonding pad to a
routing strips.
At least one bus bar is integral with the substrate.
The bus bar is electrically connected to a bonding pad and
at least one the pads disposed on the first surface of the
substrate. Potting material fills the opening to cover the

wire bonding and the bonding bads. Solder balls are



of the integrated circuit package. 5 SUMVARY OF THE | NVENTI ON The
present invention disclosed herein conprises an integrated circuit package
and a process for producing an integrated circuitpeckege—tiar—provides for
an integrated circuit package with a low profile ﬁﬂﬂ%°§n§FH%&E&ENmW The
integrated circuit package of the present inventibn al RERAMHL I es

manuf act uri ng and the design of underlyi g conpon%nts*fﬁar“fvrﬁrﬁarf of an

~overall integrated circuit. The integrated circuit package conprises a

subst r at elisposed apnogds rpads | déspaseédsegontheufiagsds swwfage oafl ithe A
plurality of routing strips are integral with the
substrate to enable attachment to other devices.

The solder balls may preferably have a diameter between
about 8 and 20 mils. The chip may preferably have a
thickness between about 10 and 20 mils. 1In one embodiment,
potting material encapsulates the chip adding a thickness of
about 6 mils. The substrate may preferably have a thickness
between about 8 and 28 mils. In a single layer embodiment,
the substrate may have a thickness of about 12 mils. 1In a
- multi-layer embodiment where the bus bars and the routing
strips may be disposed in the opening of the substrate,.a
first layér may have a thickness of about 12 mils and a
second _layer may have a thickness of about 8 mils.
Alternatively, a first layer may have a thickness of about
12 mils; a second layer may have a thickness of about 8 mils
and a third layer may have a thickness of abgpt 8 mils.
The profile of the integrated circuit'packgge of the
,- present invention may preferably be between about 40 mils
and 50 mils. More specifically, the profile of the
integrated circuit package of the present invention may
preferably be about 41 mils, about 44 mils, about 47 mils or

about 50 mils.
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substrate. A plurality of pads are disposed on the first surface, at |east
one of the pads being electrically connected wwth at |east one of the
routing strips. A chip is adhered to the second surface of the substrate.
The chip has an outline that is substantially the sane as the outline of

t he substrate. The chip has at |east one bonding pad. Wre bonding

el ectrically connects the bonding pad to & routing strips. At |east one bus
bar is integral with the substrate. The bus bar is electrically connected
to a bonding pad and atBREBEtDBS ‘ N JQF (THE WaP

the substrate. Potting material fills the opening to cover the wire
bonding and ¥RE @SdmAFagcoprdste undgrgdandiglg sof gtbe features and

advantages of the present invention, reference is now made
to 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;

Figure 3 is a simplified end cross-sectional view of an
integrated circuit package of the present invention;

Figure 4 is a simplified end cross-sectional view of an
integrated circuit package of the present invention;

"Figure 5 is a simplified top view of an 'integrated
circuit package of the present invention; and

Figure 6 is a simplified end cross-sectionalvqiew of an

‘

‘e integrated circuit package of the present invention.



di sposed on the pads di sposed on the first surface of the substrate to
enabl e attachnment to other devices. The solder balls may preferably have a
di anet er between about 203.2 [err] (8 mls) and 508 [err]m (20 m|s). The
chip may preferably have a thickness between about 254 [err]m (10 m|s) and
508 [err]m (20 mls). In one enbodi nent, potting material encapsul ates the
chi p adding a thickness of about 152.45[err]m (6 mls). The substrate may
preferably have a thickness between about 203.2 [err]lm (8 mls) and 711.2
[err]m (28 mils). | nDETALIAED. DESCRI PHON O FHE ¢ ate may have a

t hi ckness of about 304.8 [err]m (12 mls). In a nulti-layer enbodi nent
where the bus Wakke afbet makigid | ARdsUsigg Rl FerdicYsosRPPALRRRESp&Hi ng of
the substrate, a first |ayer may have a thickness of about 304.8 [err]m (12
mi|s) andthe s&c@sentay éRVRRYLRBY 2 5L t KHAGHESLDT 1Bhodetass. 2¢keYi mils
mls). Alternatively, a first Ia%er may have a thickness of about 304.8
[err]m (13hold) bey apRERei 2662 r thay h‘é@% RIeFenesRVERtABBUPERESRS err m
(8 mls) and a third | ayer nmay have a thickness, of about 203.2 [err]m (8

T 1s). THRARY oRPPLiGEDIRe LNEBGATEe FUIGRRNT HAtRgEaBS Dené n

I nvention may  preferably be between ahout 1016 [err]m (40 mls) and 1270
[err]m (58 nt'REE. m%ﬁeci?fcaﬁpﬁfn A& pﬁ?ﬂtl%‘ttﬁ' t he i'rﬁleegrgﬁee%l%’r?cuit
package Oémﬁggiggg gntdigggggégn Qggein are merely illustrative of

specific ways to make and use the invention and do not
delimit the scope of the invention.

The present invention is related to high frequency
integrated circuits having both a low profile and a small
outline. As defined herein, the term “outline” relates to
the overall width and length of the integrated circuit of
the present invention. The outline of the integrated
circuit is also referred to as the footprint of the
integrated circuit, because it defines the surface area on a
motherboard that the integrated circuit" will occupy.

‘- Outline may be measured, in for example, squar; mils or
square millimeters.

As defined heréin, the term ™“profile” refers to the
thickness or height of the integrated circuit of the present
invention, and may be measured in, for example, mils. As
defined herein, the term “substantially similar” refers to

the relative outlines of the printed circuit board and the



preferably be about 1041.4 [err]m (41 nils), about 1117.6 [err]m (44 nils), .-
about 1193.8 [err]m (47 mls) or about 1270 [err]m (50 mls). REPLACEMENT
SHEET 6 7 BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl ete

under standi ng of the features and advantages of the present invention,
reference is now made to the detail ed description of the invention al ong

wi th the acconpanying figures in which gorresponding nunerals in the °
different figures refer to corresponding parts and in which: Figure 1 is a
sinplifi eglileicbrer olssp sehtiichnakeviwdwhdih dredantagsat etdogi s€ubhepaticagref t he

present invention;

other. In one embodiment of the present invention, the
difference in the size of the outlines is about 2%. In an
alternative embodiment, the silicon chip and the printed
circuit board are the same size. Importantly, the term
substantially similar does not indicate which of the two
components is larger, as either form is encompassed by the
present invention.

The present invention provides for an integrated
circuit package that delivers high speed performance and
meets the space constraint requiremeﬁts of modern
semiconductors. The present invention also addresses the
problem§ associated with the electronic capacity of the chip
assembly. The principles of the present invention may be
incorporated into, for example, a synchronous DRAM (SDRAM)
silicon chip. However, the present invqption is also
applicable to LOGIC, SRAM, EPROM and any otherx%ntegrated
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 DRAM, an EPROM, a SRAM or a LOGIC chip.

A printed circuit board 70 is attached to the silicon chip



Flgure 2 is asinplified top view of an integrated circuit package of the
present invention; Figure 3 is a sinplified end crr—-n_n _AUJQN of an
integrated circuit package of the present_lnvent|«Hﬂ%EﬁQﬁF&lﬁﬁié

sinmplified end cross-sectional view of an integra!ed C|mEﬂuAcamadﬁag.fof t he
present invention; Figure 5 is a sinplifijed top VI ewo! egrat.ed
circuit package of the present invention; and Flgure 6 is a S|an|f|ed end
cross-sectional view of an integrated circuit package of the present

i nventi df by 8nDEFheHYOESEYRPTFON OThHRRdNeENYRON aNRT 69 hBajalehg and

using of various enbodi ments _of ) . o
made of, for example, a double-sided adhesive polyimide

tape, adhesive glue or epoxy. The printed circuit board 70
consists of three layers, a top layer 72, an intermediate
layer 74, and a bottom layer 76.

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 bogrd 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 thicknggs from 2 mil
per sheet (type 106) to about 8 mil per sheet (ty?e 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

heet Has Been Replaced
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the present invention are discussed in detail below, it should be

appreci ated that the present invention provides nmany applicable inventive
concepts which can be enbodied in a wide variety of specific contexts.
The specific enbodi nents discussed herein are nerely illustrative of
specific ways to make and use the invention and do not delimt the scope of
the invention. The present invention idlrelated to high frequency
integrated circuits having both a low profile and a snmall outline. As

defi ned htviekmesishe tcambrodyt| i neuglel atsasrfacddie ovexedssiwet h dnilllengt h
of the integrated circuit of the present invention. The outline of

t he i nt egfdleationr and poonlresimefmrfiedl i o as the footprint of the
integrated circuit, because it defines the surface area on a notherboard
that the i ntlgr dtemperatuxe tat whichoecuwppinOghampearefrdre aeqgdasesd, in

for exanple, square mls or

like state into a “rubbery” state is generally designated as
Tq. Standard FR-4 is made with a Dbifunctionally
polymerizing epoxy that has a Ty of about 110 °C. Higher Tg
temperatures, such as 125-150 °C may be withstood by using a
tetrafunctional epoxy. For higher Ty values, in the range
of 150 to 200 °C a cyanate ester:epoxy blend can be used.
Additionally, polyimides provide for printed circu;t boards
having a T4 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 dyring the
uée of integrated circuit package 30.

The adhesive layer 60 may be Hitachi HM122u.
Alternatively, the silicon chip 50 can be adhered to the
printed circuit board 70 with a die bonding film such as
HIATTACH-335 (DF-335) manufactured by Hitachi Chemical
Company of Tokyo, Japan. HIATTACH-335 (DF-335) is silver

filled thermosetting type resin film for die-attaching. The



square mllimeters. As defined herein, the term"profile" refers to the

hei ght of the integrated circuit of the present invention,
for exanpl e,

t hi ckness or
may be neasured in,

circuit board and the

one anot her ot her.

Si ze.

| mportantly,

mils.

As defined herein, the term
"substantially simlar"” refers to the relative outlines of the printed

9 silicon chip which are within | ess about 10% of

I n one enbodi nent df2 the present
difference in the size of the outlines is about 2% :
enbodi mebiondimg siddasss denerid Y Hoywivesdttachingbbhedfilin ohe thgme

the termsubstantially simlar does not indicate
whi ch of primttedb circuit board 70 at 160

C for

i nvention, the
In an alternative

seconds with an

applied force of 1000-3000 grams; then attaching the silicon

chip 50 on the film at 220 C for 5 seconds under a force of

150-200 grams.

DF-335 has the following properties

Test

Remarks Units DF-335
Appearance Visual - silver film
Solid Content - 200 C-2h wtd 96
Ash Content 600 C-1.5h wtd 40
Ash Content/ 600 c-1.5h wt¥/solid 42
Solid
Thickness Dial gauge m . 25
Tensile R.T. kg £/ nmm* 7.1
Strength ]
Tensile R.T. kg£/mm® 271
Modulus
Die shear 4x4mm chip/Ag kgf/chip
strength plated alloy 42
R.T. 10
250 C ) 0.9
Peel strength 8x8mm chip /bare kgf/chip 3.0
240 C (after/ 85 alloy 42
C 85%,48h)
Tg T™A, 180 C-1h C 123
cured
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85 C/85%RH, 48h  wt$% 0.1
'\,';,
Other examples of adhesives include thermosetting
adhesives, such as epoxies, polyimides and silicone.

Thermoplastic adhesives that are hot-melted,

in the form of

sheets or as a pressure sensitive adhesive tape may also be

used to adhere silicon chip 50 to the printed circuit board

70. Commonly used are adhesive tapes based on elastomers,

and



conponents is larger, as either formis enconpassed by the present
i nvention. The present invention provides for an integrated circuit package
that delivers high speed performance and neets t he space constrai nt
requi renents of nodern sem conduct ors. The present invention al so
addresses the problens associated with t@F el ectronic capacity of the chip
assenbl y. The principles of the preseﬂt I nvention may be i ncorporated
into, for exanple, a synchronous DRAM (SDRAM silicon chip. However ,
the presédticamesems orcrybicslbecappei ofbltheis e@geC oSRME @TPRORRE&ND any
“other integrated circuit conponents. Figure 1 is a sinplified
cr oss- sedmanrionateienofinge ipnadpctii@ncircuit package that is generally
designated 30. The integrated circuit package 30 conprises a silicon chip
50, which can Bsfenrmingxeeblectivgly ntegrigeresi  cangd 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. 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 and used in a variety of
positions and ways. Intermediate layer 74 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 power supply, and the second bus bar 110

serve another function, such as a ground. o,
1

. The silicon chip 50 has bonding pads 120 locéted
generally in the centfal area of silicon chip 50. The
bonding pads 120 are connected to routing strips 82 and bus
bars 110 by wire bonding 80. The bus bars 110 may be
insulated before stitching of the wire bonding 80. Disposed

. on pad 100 is a solder ball 150.



conmponent such as a DRAM an EPROM a SRAM or a LOG C chip. A printed
circuit board 70 is attached to the silicon chip 50 by an adhesive | ayer
60. The adhesive | ayer 60 nay be nade of, for exanple, a doubl e-sided
adhesi ve polyim de tape, adhesive glue or epoxy. The printed circuit board
70 consists of three layers, a top layer 72, an internedi ate |ayer 74, and
a bottomlayer 76. The printed circuit bddrd 70 may be constructed froma
material such as FR-4 which is available from for exanple, Mtorola Inc.
U S A FR- 4The apleeax\bakks n168i nfsmd editht khe vipresentasaveindiiien | n
selecting the material for printed circuit board 70, one skilled in the art
wi |l recoawmi be atitmchedfbar thearpads ed§0 stwinigl copvenSisnadr &plder
reflow systems. For example, a vapor phase solder reflow
system may be used, which condenses vapor to surround the
integrated circuit package 30 and the printed circuit board
70 with a <cloud of steamn. A liquid, such as a
nonchlorinated (non CFC) fluorocarbon is first heated with
enough energy to form a vapor and to sustain a vapor cloud.
When the integrated circuit package 30 is then passed
through the vapor, the vaporized 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 wvapor 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 é nonchlorinated fluoxogarbon is

R Z

that it is extremely thermally stable, colorless, odorless
and nonflammable. In addition, it has a low toxicity, low
surface temperature, low boiling point, and 1low heat of
vaporization. Because the fluid form of the non-chlorinated
fluorocarbon is inert, 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



nanely, thickness, dielectric constant, glass transition tenperature and
the coefficient of thermal expansion. Thickness is dependant on the nunber
of layers required and the amount of reinforcenment used in a given | ayer.
The reinforcing glass cloth can range in thickness from50.8 [err]m (2 nil)
per sheet (type 106) to about 203.2 [err]m (8 mls) per sheet (type 7628).
Dielectric constant is determ ned by a colbi nation of the resin used and
the thickness and type of reinforcenent used. Standard FR-4 has a

di el ect ricppareliant of adRouibte 5 £ IHY S GYmNt ugad beor edugrd t phabeut 3
by replacing the epoxy resin wth a cyanate ester resin. The

great er Adfa duhisde Ermilioneierto Wb @ ead et thwepioblgnstasiaciraf@dwwi t h
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temperatures for different solder materials, as will be

known to those skilled in the art.

The vaporization temperature will depend on the solder
type being used. A brief list of the temperature profiles
of non-chlorinated fluorocarbons that are used as vapor

fluids is shown below.

Vaporization Temperatures and Solder Types
Fluid Temperature Solder Type

56, 80, 97, 101, 102 C and 155 C 100 In

37 sSn/38 Pb/25 In
165 C 70 Sn/18 Pn/1i2 In
70 In/30 Pb
174 C 60 In/40 Pb
180 C 90 In/10 Ag
50 In/50 Pb
63 Sn/37 Pb
70 Sn/30 Pb
60 sSn/40 Pb
215 € and 230 C 60 Sn/40 In
60 sSn/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 Y

A

Alternatively, infrared or radiant heated solder reflow
may be used. In such Ia system each component of the
soldering system is diréctly exposed to radiation from a
heating element. Heat from the radiant energy element is
absorbed by the different components according to its
molecular structure.



t hi ckness control, rough surfaces, excessive drill reflection and
poor resin refill. The tenperature at which a resin changes froma gl ass-
i ke state into a "rubbery" state is generally designated as Tg.
Standard FR-4 is made wth a bifunctionally polynerizing epoxy that
has a T[err] of about 110 [err]C. H ghey T[err] tenperatures, such as
125-150 [err]C nmay be withstood by using a tetrafunctional epoxy. For
hi gher T[err] values, in the range of 150 to 200 [err]C a cyanate
est er: epoxy blCentendiona lusediatddindadnaystenpm| exposesoptyvikie ¢aukeprint ed
circuit boards having a T[err] above 250 [err]C. The coefficient of thernal
expansi osurdace’ o f sthbogonpenenty eto| Che radidnter bgas.i whigh may
coefficient of thermal expansion between the printed circuit board 70 nade
from FR- nptandealsd sihtegaorhi preescanasl eafificipntilur easf WhEhi nvapeat ed
circuit package 30 during, not only the assenblg
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. 1In
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 using 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

tombstoning are also reduced or eliminated using the solder

balls 150 because surface tension on both sides of the

solder balls 150 is equal.



of the Integrated circuit package 30, but also during the use of integrated
circuit package 30. The adhesive |l ayer 60 may be Hitachi HVL22u.

Alternatively, the silicon chip 50 can be adhered-to--the printed circuit

board 70 with a die bonding filmsuch as H A m&@&scm%—"gééwnuf act ur ed
by Hi tachi Chem cal Conpany of Tokyo, Japan.

H AREACKEE35 -335) s
silver filled thernosetting type resiyp film
bondi ng process generally involves attaching the filmon the prlnted

circuit boardeé@rattHditgh Figefe51serPida i phintedppiirediftonemmai 70
1000- 3000 grans; then attaching the silicon chip 50 on the filmat 220 C

for 5 seagndpawigigyf &hfreecelalers 72, 74, and 76, 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. Such
embodiments are shown here as figures 4 and 6.

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 an
opening.86 with routing strips 82 and bus bars 110 extending
into, or to, the opening 86. Disposed on pads 100 are
solder balls 150.

The wire bonding 80 process may begig after silicon
chip 50 has been adhered to printed circuit;-Poard 70.
Silicon chip 50 and printed circuit board 70 are then
positioned on a.heated pedestal to raise the temperature of
the combination to a point between 100 -300 C. A gold 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 gold or silver

bond wire soldering ball is created at the end of the wire
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150- 200 grans. DF-335 has the follow ng propertles Test Remar ks
Units DF- 335 Appear ance Vi sual/f

silver filmSolid Content 200 G 2h wt Ash

Cont ent 600 C-1.5h w % BEEN |, 600
C-1.5h wt % solid 42 Solid Thickness /‘ m
25 Tensile R T. kgt rmi err] ngt h
Tensil e R T. kgf / m err] 271 Modul us Die
shear usingixdithehi p/ Al ame kgt / ahispaxtk etgttinique. [hhitsedgalddyod?2 R T
10

silver 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” technique
signifiéantly 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 outer edge of the
bond. ?his 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.
Following the assembly of the 'above—described
components, the opening 86 is filled with pottinq material
90 as represented by the dashed line above opening 86. As
an alternative, printing material may be used instead of the
potting material. The potting material 90 may also be used
to thinly encapsulate the silicon chip 50, for example, with
a layer having a thickness of between about 4 and 12 mils.

In one embodiment the thickness of the encapsulating potting

material layer is 6 mils.
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250 C

0.9 Peel strength Bx8mm chi p
[ bare kgf/chip

3.0 240 C (after/ 85 alloy 42 C 85% 48h) Tg
TMA, 180 C-1h C 123 cured Modul us Vi scoel astic
Mpa 1300 spectroneter Misture 85 C/85%H, 48h wt %

0.1 O her exanples of adhesives include thernosetting adhesives, such as
epoxi es, polyimdes and silicone. Thernopl%stic adhesives that are

hot-nelted, in the formof sheets or as a pressure sensitive adhesive tape

may al so be usBaket poddtiece saterbalclfid BaYt e he pryRabeciesdein-HeRe d 70.
Commonl y used are adhesi ve tapes based on el ast oners,

resin available from Shin-Etsu Chemical Co., Ltd., such as
KMC 184VA and KMC 188vAa-4, Other examples of potting
materials 90 that may be used with the present invention

include epoxies, polyesters, polyimides, cyanocacrylates,

ceramic, silicone and urethane. The potting materials 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.



13 silicones or acrylics because of their ease of use and easy
I ncorporation into production. Referring collectively to Figures 1 and 2,
internediate |ayer 74 has routing strips 82 that_are electrically connected

t hrough vias 84 to pads 100 | ocated on top surfgt o) rayery72. It
shoul d be understood by one skilled in the art t1afﬁf Et%iESBééij and
"bottom' as well as the terns "side" and "end" & Il ustration

purposes only, as the integrated circuit package 30 of the present!
i nvention can be assenbled and used in a variety of positions and ways.
Internediate | ayer 74 includes a pair of bus bars 110. The bus bars are

el ectrically connected through vias,;84 to one or nore of the pads 100.
The bus

Properties of Typical Potting Resins
Epoxy Polyester Silicone Urethane

Dielectric constant, D-150
60 Hz

3.9 4.7 2.7 5.7
10° Hz 3.2 -— 2.7 3.4
Dissipation factor, D-150
60 Hz 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;
cm 10® 1ot 1o0® 10%
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 1.15 1.2 1.05 1.0
Water absorption, D-570; & 24 h 0.15 0.3 0.12 0.4
Heat deflection temperature,

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

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

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

Btu in/(h £ft¢ 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

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 thexﬁtesent
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 should 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
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bars 110 may serve, for exanple, as. power supplies or grounds, and it is
preferred that one bus bar 110 serve one function, such as a power supply,
and the second bus bar 110 serve anot her function, such as a ground. The
silicon chip 50 has bonding pads 120 |ocated generally in the
central area of silicon chip 50. The bondi ng pads 120 are connected to
routing strips 82 and bus bars 110 by, w re bondi ng 80. The bus bars 110

may be insulated before stitching of the wire bonding 80. D sposed on pad
100 i s at@oRF&vigig | fe50 electrichle L8PYaEinBr| s TBE RABERKRAIL t RE # esent

I nvention may be attached to the pads 100 usin% conyenti onal sol der
multi-layer printed circuit board 0, however, 1is the

elimination of the need to insulate the bus bars 110.
" Additionally, the multi-layer printed circuit board 70
provides a greater process margin for wire bonding.

Figure 3 is a simplified cross-sectional view of an
integrated circuit package that is generally designated 32.
The integrated circuit package 32 comprises a silicon chip
50 and a printed circuit board 70 which is attached to the
silicon chip 50 by an adhesive layer 60. In this
embodiment, the printed circuit board 70 consists of three
layers, a top layer 72, an intermediate layer 74 and a
bottom .layer 76. The printed circuit board 70 has an
opening 86.

As best seen in conjunction with figure 2, routing
strips 82 and bus bars 110 extend into the opening 86.
After assembly, opening 86 is filled with pgtting)material

. 90 as represented by the dashed line above openi;g 86 and
around silicon chip 50. Vias 84 electrically connect pads
100 located on top surface 92 of top layer 72 to the routing
strips 82 and bus bars 110. In this embodiment, the back
side of the silicon chip 50 is exposed which improves

thermal dissipation and simplifies the assembly process.



' refl ow systens. For exanple, a vapor phase sol der reflow system nmay be
. used, which condenses vapor to surround the integrated circuit _package 30

and the printed circuit board 70 with a cloud —ef=—g5Fegm_ A
liquid, such as a nonchlorinated (non CFC) ‘ st heated
wi th enough energy to forma vapor and2$0 susfai n aR&ERPU et When t he
I ntegrated circuit package 30 is then passed t\=oegh t he

vaporized liquid condenses thereon and gives off the |atent heat of
vapori zati on. Filgiugreenér gis i 8 tshiawpkiBied ecrogstsectd ongtlegvaeed ofi rani t
package 30. As long as the integrated circuit package 30 renmins in the
vapor, tmaﬂﬂqnataﬂnﬂiRQmsttBagkﬁﬁeothaénéﬁgﬁﬁﬂeﬁﬁﬁiXMQﬁ%&ﬁQﬂﬁ¢Qea4Fate
and tenperature, until the integrated circuit package 30 reaches the
t enper at (il ointe@ratedr cirruifdrankage o34 usPRBrasesncéhl ki eerdchip
fluorocarbon is that it is extrenely thernally stable, colorless, odorless
50, and a printed circuit "board 70 attached to the silicon
chip 50 by an adhesive'layer 60. The printed circuit board
70 depicted in figure 4 consists of a single layer 75.

The printed circuit board 70 may be constructed from a
material such as FR-4. The thickness of the printed circuit
board 70 may be of about 12 mils. Referring collectively to
Figures 4 and 5, layer 75 has routing strips 82 that are
electrically connected to pads 100 located on top surface
92. Layer 75 also includes a pair of bus bars 110 that are
electronically connected to pads 100.

The silicon chip 50 has bonding pads 120 located
generally in the central area of silicon chip 50. The

bonding pads 120 are connected to routing strips 82 and bus

bars 110 by wire bonding 80 through opening 86. -
2

. Due to the nature of a single laver 75, the bus bars
.110 may.be electrically insulated before stitching of the
wire bonding 80. The potting material 90 is used to cover
the wire bonding 80 and will therefore rise over the top
surface 92. The thickness of the solder ball 150,

therefore, must exceed the thickness of the potting material
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and nonflammable. In addition, it has a low toxicity, |ow surface
tenperature, low boiling point, and | ow heat of vaporization. Because the
fluid formof the non-chlorinated fluorocarbon is inert, it does not

with fluxes or conponent materials,

gases that cause reactions during the solder reflow Mst 15

comrercial ly avail abl e fluorocarbons @&%d for vapor phase reflow are
fornmul ated to vaporize at precisely stable refl ow tenperatures for
di f f er erA0 sextendimgerbare, top wWunfdge kKPodown Thet Hpskiexn | CRdpi 0t Har art .

The vaporization tenperature w ||

brief |iBtgwiethenagnperenoipsplatedeby a potting material 90.

Integrated circuit package 30 is shown having a layer
75 with routing strips 82. Routing strips 82 are
electrically connected to pads 100 by conduits 18 located on
top surface 92 of layer 75. Layer 75, as depicted in Figure
5, includes a pair of bus bars 110. The bus bars 110 are
electrically connected by conduits 18 to one or more of the
pads 100. As described hereinabove in reference to figures
2, bus bars 110 may serve, for example, as power supplies or
grounds. The silicon chip 50 has bonding pads 120 located
generally in the central area of silicon chip 50. The
bonding.pads 120 are connected to routing strips 82 and bus
bars 110 by wire bonding 80.

Figure 6 is a simplified cross-sectional view of an
integrated circuit package that is generally designated 36.
The integrated circuit package 36 comprises.a si%;con chip
50 and a printed circuit board 70 which is attached to the
silicon chip 50 by an adhesive layer 60. In this
embodiment, the printed circuit board 70 consists of a
single layer 75. The printed circuit board 70 has an
opening 86. As best seen in conjunction with Figure 5,
routing strips 82 and bus bars 110 are printed on the top

surface 92 of printed circuit board 70. After assembly,

react

nor does it absorb oxygen or other

depend on the solder type being used. A



of non-chlorinated fluorocarbons that are used as vapor fluids is shown

bel ow. Vapori zation Tenperatures and Sol der Types Fluid Tenperature

Sol der Type 56, 80, 97, 101, 102 C and 155 C 100 In 37 Sn/38 Pb/25 In 165
C

70 Sn/18 Pn/12 In 70 In/30 Pb 174 C
60 In/f40 Pb 190 C

24 90 In/10 Ag 50 In/50 Pb 63
Ssn/37 Pb 70 Sn/30 Pb 60 Sn/40 Pb 215 C and 230 C 60

Sn/ 40 In 60 Sn/40 Pb

opening 86 is filled with potting material 90 as represented
by the dashed line above opening 86 and around silicon chip
S0. Pads. 100 located on top surface 92 of layer 75 are
connected to solder balls 150.

The electrical connections between silicon chip 50 and
printed circuit board 70 occur through the opening 86.
Bonding pads 120 located generally in the central area of
silicon éhip 50 are connected to routing strips 82 and bus
bars 110 by wire bonding 80.

Due to the nature of a single layer 75, the bus bars
110 may be insulated before stitching of the wire bonding
80. The potting material 90 is used to cover the wire
bonding_BO and will therefore rise over the first surface
92. The thickness of the solder ball 150, therefore, must
exceed the thickness of the potting material 90 over top
surface 092. The silicon chip 50 in Figgre 6 can be
encapsulated by a potting material 90 located ongghe edges
of silicon chip 50 on the bottom surface 94 of printed
circuit board 76. The back of silicon ship 50, therefore,
is exposed which leads to improved thermal dissipation.

Importantly, the printed circuit boards 70 depicted in
Figures 1, 3, 4 and 6 are designed to have substantially the
same outline as the silicon chip 50. Outline, as used

herein, describes the length and width of the silicon chip



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 ;:::iﬁ?#??ﬁﬁ‘3.5 Ag
Alternatively, infrared or radiant heated_solder(}ﬁmiQMIﬂathéfﬁﬁb I'n
such a system each conmponent of the sol dering syst&mms\ﬁ‘(ﬁﬂ? ect| ¥ exposed
to radiation froma heating el enent. Heeg fro nergy el enent
I s absorbed by the different conponents according to its nol ecul ar
structure. 16

50, which may also be referred to as the footprint of the

integrated circuit package 30, 32, 34 and 36. The length of
the integrated circuit package 30 may be between about 500
and 800 mils, with a 1length of about 608 mils being
preferred. The width, on the other hand, may be between
about 200 and 500 mils, with a width of about 258 mils being
preferred. The similarity in length and width between the
printed circuit board 70 and the silicon chip 50 is possible
due to the internal positioning of the electrical
connections between the silicon chip 50 and the printed
circuit board 70 by “stitching” wire bonding 80 through the
opening 86.

Prqfile, as used herein, describes the overall
thickness of the integrated .circuit package 30, 32, 34 and
36. A variety of factors will affect the overall profile of
the integrated circuit package 30, such as the number of
layers that comprise the printed circuit boafd 70.;,When the

£ printed circuit board 70 has three layers 72, 74 and 76, as
in figures 1 and 3, the profile of the layers 72, 74 and 76
is of about 20-30 mils. By contrast, figures 5 and 6 have a
single layer printed circuit board 75, and may have a
profile of about 12 mils. A double layer printed circuit
board may have a profile of about 20 mils. The silicon chip

50 described herein has a profile of about 14 mils when not
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Conventional radi ant heat systems 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 nefhed ds—~as_descri bed above.
The present invention, however, is not affect.n'mw5ght§:E~ET““ pr obl em
because of the use of sol der balls 150 i nstead| of | g ackn
the reduced overall size either nethod; 6vapor pThase—sohde
radi ant heated sol der reflow, may be effectlvely used with the present

i nvent i ogncdpsupatednt amyesfi aboaks@cahies ehkar Groblemefagsmctiiated with

solder reflow systens. These  problens include the creation or failure
due to vmateriadplanaist \wddeahrbsborinmppsafdertg othes,s iconpamerhipr aski ng,
t hermal shock and thermal stressing. The present invention solves these

pr obl ensThecdisml tcompsprasts ofi tthd hprofilef dis etlext dismebgrcafhetheng
soldering leads to the integrated circuit package
solder balls 150, and the adhesive layer 60.

Using the diameter of the solder balls 150 as an
example, the skilled artisan will appreciate that solder
balls 150 may be placed on the pads 100. The diameter of
the solder balls 150, and their composition, will depend on
the overall profile requirements of the integrated circuit
package 30, 32, 34 and 36, and its intended purpose. The
diameter of the solder balls 150 will also depend on whether
the potting material 90 is used only to cover the wire
bonding 80 within the opening 86 of the printed circuit
board 70, or if the potting material 90  is allowed to
extrude beyond the opening 86 above the plane of top surface
82. 1In the later case, where the potting material 90 over
fills opening 86, the diameter of solder balls 15q,may have
to be increased to compensate for the added profile of
potting material 90, as shown in figures 4 and 6. On the
other hand, if the potting material 86 does not completely
fill the opening 86, as in figures 1 and 3, or is flush with

the first surface 92, then the diameter of the solder ball

150 may be, for example, 10 mils.
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30. By using solder balls 150 instead of |eads, the problens
associ ated with voids around pad areas or under |eads caused by inconplete
refl ow or poor welding of the soldering surfa i fl ux or
badly oxidized surfaces is elim nated. The rmbﬁ%&ﬁﬁ&ﬁfﬂﬁbﬁgﬁﬂghity and
t onbstoning are al so reduced or elininated usijng t hBEELAGEP bal I B 150
because surface tension on both sides of7the batT5 150 1s equal .
Even though Figure 1 depicts printed circuit board 70 as having three

| ayers 72, 74,Imndtlys, embadigegnt beofundddiod by dadeggatesdy Giageitart
that printed circuit board 70 may consist of _a single |ayer or may be a
nul ti- | ageekageodP dmaayhayeadmaiavansdile prmbike opf| abers. SO audip, 20

mils from the silicon chip 50 and its potting material 90,

20 mils from the printed circuit board 70, and 10 mils from
the solder balls 150.

The integrated circuit package 32 depicted in figure 3
may have an overall profile of about 44 mils. The overall
profile of about 44 mils, comes from 14 mils of silicon chip
50, 20 mils from printed circuit board 70, and 10 mils from
solder balls 150.

The integrated circuit package 34 depicted in figure 4
may have an overall profile of about 47 mils. The overall
profile_of integrated circuit 34 comes from, 20 mils of
silicon chip 50 and its potting material 90, 12 mils from
printed circuit board 70, and 15 mils from solder balls 150.

The overall profile of integrated éircgit package 36,
depicted in figure 6 is of about 41 mils; Th? overall

. profile of about 41 mils comes from, 14 mils of silicon chip
50, 12 mils from printed circuit board 70, and 15 mils from
solder balls 150.

The present invention, therefore, is directed toward an
integrated circuit: package 30, 32, 34 and 36, having an
overall reduction in outline and profile. The present

invention also allows for decreased failure due to the
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enbodi nents are shown here as figures 4 and 6. The above descri bed
conponents and their constructions and interrelation provide an assenbly
that is encapsul ated as descri bed bel ow. The term "assenbly" refers to

t he assenbl ed conmponents prior to encapsul ation. The assenbly consists of
printed circuit board 70, adhered silicth chip 50 and wire bonding 80. The
printed circuit board 70 has an opening 86 with routing strips 82 and bus
bars 110 extending into, or to, the opening 86. Di sposed on pads 100 are
sol der baeédac&80. riumedew r e dfondsobdtedr ocade il Heghavanger VAYYERH chip
50 has been adhered to printed circuit board 70. Silicon chip 50 and
printed coefficibodisd 90 &hermhdn gxpAnsivred orThe hpresenfedmyentionrai se
the tenperature of the conmbination to a point between 100 -300 C. A gold

wi re havifngthedi aesheres Wheatvegrabhghwgberoof1 BLEpS dinr |theg caFsemblyt o

33.02 [err]m (1.3 m ).

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 30,32, 34 and 36, thereby saving time, money and
the environment.

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
connects thé silicon chip 50 and the printed circuit board
70 in a single step. By filling the opening 86 with potting
material 90, the wire bonding 80 between sil;con chip 50 and
the printed circuit board 70 are generally‘protggted from
the environment and are particularly protected from moisture
due to the hermetic nature of the encapsuiation.

This means of potting the integrated circuit package 30
32, 34 and 36, of the present invention greatly reduces the
overall profile by allowing the non-operative or backside of
the silicon <chip 50 to be exposed. By hermetically

protecting the connections between the silicon chip 50 and



is strung through a heated capillary where the tenperature may range
bet ween 200 -500 C. A gold or silver bond wire soldering ball is created at
the end of the wire using either a flanme or a spark technique. Thi s
gol od or silver soldering ball is then brought to bonding pad 120 on the
silicon chip 50 and a conbination of cempression force and ultrasonic
energy are used to create the desired netallurgical bond. Usi ng
this "stitch" techni que significantly reduces the cross-section of the
wire at that ppdintted Lioopit boardt@ &b the wpeaibendihg HBezdHove nfAe bond
that has just been achieved, and the wire bonding 80 is routed to the
desired oceededd eenplated préngapbuliataiithdoRpUire aseemdsYrouting strip 82
or bus bar 110. The wire ) ] )
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.

While this invention has been described in reference to

illustrative embodiments, this description is not intended

to be construed in a limiting sense. Various modifications

and 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.



bonding 80 is clanped and the capillary raised, such that the wire bonding
80 will break free at the outer 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..

Followng the assenbly of t he ove-described
opening 86 is filled with potting nmaterial 90 as repres mm@g’,b
| i ne above opening 86. As an alternative, printing nmatertalec

i nstead (dhatbeipotlaimedaistial. The potting material 90 nmay al so be used
to thinly encapsulate the silicon chip 50, for exanple, with a | ayer having
a thickness of1bet weaniabegtrat8d. 6ifenitnpadkiaiges)compdi3ifgd [err]m (12
mls). In one enbodi nent the thickness of the encapsul ating potting
materi al | ayerai sshbat4afer r havitgr lag) . d¥ening, first and second

surfaces and an outline;

a plurality of routing strips being integral with said
substrate;

a plurality of pads disposed on said first surface, at
least oné of said pads being electrically connected with at.
least one of said.routing strips:

a chip adhered to said second surface of said
substrate, said chip having an outline that is substantially
the same as said outline of said substrate, said chip having
at least one bonding pad;

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

potting material filling said opening'_ to cover said

wire bonding and said at least one bonding pad. v

2. The integrated circuit package as recited in claim
1 wherein said substrate includes at least one bus bar being
integral with said substrate, said at least one bus bar
electrically connected to at least one of said bonding pads

and at least 6ne said pads disposed on said first surface of

said substrate.
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19 The potting material 90 may be a cyanate ester-type resin available from
Shin-Etsu Chemcal Co., Ltd., such as KMC 184VA and KMC 188VA-4. O her

exanpl es of potting material s 90 that may be =t-h—t-he ent

i nvention incl me sters, polyim|ded$ SeiFanorey gtmi ¢s, ceramic,
silicone and ur mn Mtlng material §_90 mMeBPLEGED contalin fillers
that affect the coéffFC|entso her mal 3§xpansio

, strength
and flexibility of the potting naterla 90. The selection of potting

material 90 and fillers will depend on the conponents used to nake the
integrated circuit package 30, as will be known to those of skill in the
art. 3. The integrated circuit package as recited in claim

2 wherein said at least one bus bar and said routing strips

are disposed in said opening.

4, The integrated circuit package as recited in claim
1 further comprising at least one solder ball disposed on at

least one of said pads disposed on said first surface of

said substrate.

5. The integrated circuit package as recited in claim
4 wherein said at least one solder ball is between about 8

and 20 mils in diameter.

6. The integrated circuit package as recited in claim
4 wherein said at least one solder ball is apout 10 mils in

diameter.

7. The integratéd circuit package as recited in claim

4 wherein said at least one solder ball is about 15 mils in

diameter.
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Properties of Typical Potting Resins Epoxy Polyester Silicone Ur et hane

Dielectric constant, D150 60 Hz 3.9 4.7

2.7 5.7 10[err]Hz _ 32

2.7 3.4 Dissipation factor, D150 60 'ﬁﬂSSHrETrASBEEN

0. 04 0. 017 O 001 0.123 | err] Hz REPLACED

0.03 --- 0. 001 0.03 Di el ect FFe—strengt .- = 149; V/ pm

(Mml) 18(450) 13(325) 22(550) 16(400) Vol une
resistivity, 3257;Thenintegrated circuit package a§[§ppptedigpepﬂplm

10[err] Arc resistance, D 495; seconds 150 135 120

180 Speci¥ iwhereintsaigh gbpp has a thickness jqtween gbout 10 angd @P
1.0
mils.

9. The integrated circuit package as recited in claim

1 wherein said chip has a thickness of about 14 mils.

10. The integrated circuit package as recited in claim
1 wherein said potting material encapsulates said chip and
wherein said potting material has a thickness of about 6

mils.

11. The integrated circuit package as recited in claim

1 wherein said substrate has a thickness of between about 8

and 28 wils. HIIIIII IR IIII

12. The integrated circuit package as recited,in claim
’ 2

‘s 11 wherein said substrate has a thickness of about 12 mils.

13. The integrated circuit package as recited in claim
11 wherein said substrate has first and second layers and
wherein said first layer has a thickness of about 12 mils

and said second layer has a thickness of about 8 mils.
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Wat er absorption, D-570; %24 h
. 0.4 Heat deflection tenperature, D 648;
[err] C(F) 193(380) 127(260) <21(70)
MPa (| b/in2) 62(9000) 69(10, 000)
(lzod), D-256; J/m(ft |Db/in)

break No break Coefficient of thermnal

9. 10[err]/C
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art that ﬁff%?réQEaPLSEORE ig§e9r%§%n% thickness of about 8 mils and

said third layer has a thickness of about 8 mils.

15. The integrated circuit package as recited in claim

1 wherein the overall profile of said package is between

sout 40 mils and 50 miis. N 0 R R
. * c L M $ *

16. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 41 mils.

17. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 44 mils.

18. The integrated circuit package as reciteg in claim

1 wherein the profile of said package is about 47 mils.

19. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 50 mils.
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invention are applicable to a silicon chip 50 with bonding pads 120 in
_alternate | ayouts such as positioned along the sides of the silicon chip
50. Also, it should be noted by one skilled in the art that pads 100 and

70. General ly, a |ayer of insulated tape
pl aced on the bus bars 110 21 to prov34e for electric

advantage of a multi-layer printed circuit board 70, however,

bus bars 110 may be | ocated on a single |layer of print eélr\!msgﬁ‘mmm““m

ation. s
is the

elimination ofa4 he pgethtOgrfeddatertiee hackage ddfipriddngionally, the

mul ti-layer printe

I rcul oard 70 provides a grea
wire bonding. j

substrate having an opening, first and

surfaces and an outline;

second

a plurality of routing strips being integral with said

substrate:;

a plurality of pads disposed on said first surface, at

least one of said pads being electrically connected with at

least one of said routing strips:;

a chip adhered to said second surface

of said

substrate, said chip having an outline that is substantially

the same as said outline of said substrate, said chip having

at least one bonding pad;

wire bonding electrically connecting said at least one

bonding pad to at least one of said routing strips:

at least one bus bar being integral with said

substrate, said at least one bus bar electrigally connected

to at least one of said bonding pads and at least, one said
?

‘e pads disposed on said first surface of said substrate:;

potting material filling said opening to cover said

wire bonding and said at least one bonding pad:; and

at least one solder ball disposed on at least one of

said pads disposed on said first surface of said substrate.

d
TLe

er process margin for



ngure 3is asinmplified cross-sectional view of an integrated circuit
package t hat |s"ienerallr desi gnated 32. The integrated circuit package 32

conprises a si uuulmuﬂ ﬂHI ﬂn a printed circuit _board 70 which is
50 by an- adhgpb BO====1 In this

attached to th
enbodi nent, the prlnted i r'cui't board 70_3 onsi  %@§$£¥ENs atop
6%? DThe pjii nted

llayer 72, an internediate |layer 74 and d bottorid-aye

circuit board 70 has an opening 86. As best seen in conjunctionm wth
figure 2, rouping §Bé'@ﬁt§3r§€@db5§rEﬁ&% L ke il I FHO ddte 1ADEE £in 86.
After assenbly, opening 8671s filled wth potting material 90 as

represenpgdyR¥rbhg dashedt! nBgsebeye 8RENAT %@dﬂghfﬁ(¥5utfﬂ%'§@ﬁl g§ip 50.
Vias 84 electrically connect pads 100 | ocated on top surface 92 of op

| ayer 725%@ HEQpBQEH'@ﬁ %h&ap%p%ﬁlﬁ@d bus bars 110. In this enbodinent,
t he back :

23. The integrated circuit package as recited in claim
20 wherein said at least one solder ball is between about 8

and 20 mils in diameter.

24. The integrated circuit package as recited in claim

23 wherein said at least one solder ball is about 10 mils in

diameter.

257 The integrated circuit package as recited in claim
23 wherein said at least one solder ball is about 15 mils in

diameter.

26. The integrated circuit package as recited in claim
f

. 20 wherein said chip has a thickness between about 10 and 20

mils.

27. The integrated circuit package as recited in claim

20 wherein said chip has a thickness of about 14 mils.
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side of the silicon chip 50 is exposed which inproves thermal dissipation
and sinplifies the assenbly process. Figure 4 is a sinplified

cross-sectional view of an integrated circuigk eneral ly
designated 34. The integrated circuit packa48T845$BE$WHsS§EENs l'icon chip
50, and a printed circuit board 70 attached o t h&E®LACEBN chip 50 by an

adhesi ve |l ayer 60. The printed circuit bgard—+ﬁ*ﬁ%prcféﬁlrn~frﬁure 4
consists of a single layer 75. The printed circuit board 70 nay be

constructed fr a et as; ER: .C f rd
circuit board gg] rragﬁ%eg'g? ngggp%gﬁgg‘l?& E?%k%?f %%?&&édé?gﬂ%ﬁﬁ&'
col lectively L gur, ‘ I i, ' t Gl ; re
el ectri caﬁ’ yw}égﬁglégt éq%%‘tdg pgg%sl 190(5 i ocra%%ah%l?lc%g%ﬁggrgﬁ gcgh&a %%ltaqaén&
wherein said potting material has a thickness of about 6

* [+ L ] s *

29. The integrated circuit package as recited in claim

mils.

20 wherein said substrate has a thickness of between about 8

and 28 mils.

30. The integrated circuit package as recited in claim

29 wherein said substrate has a thickness of about 12 mils.

31. The integrated circuit package as recited in claim
29 wherein said substrate has first and second layers and
wherein said first layer has a thickness of about 12 mils

and said second layer has a thickness of about 8 mils.

v,
?

’ o 32. The integrated circuit package as recited in claim.
29 wherein said substrate has first, second and third layers
and wherein said first layer has a thickness of about 12
mils, said second layer has a thickness of about 8 mils and

said third layer has a thickness of about 8 mils.
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92. Layer 75 also includes a pair of bus bars 110 that are electronically
connected to pads 100. The silicon chip 50 has bondi ng pads 120 |ocated

generally in th f silicon chi e pads 120
are connected iﬁﬂ[ﬁ 'uEilﬂmﬂ 82 and bus b *ﬁﬁ@f'{ﬁﬁ'rmseaémp ing 80
t hr ough openi ng't8&% s nat ur e of, a silngle IREFEACED, thellbus bars

110 may be electrically insulated before stitching ondi ng 80.
The potting material 90 is used to cover the wire bonding 80 and w ||

therefore risgsoveq,t hEnEQBréEEEaE‘EﬁcQZt_ I@ECIQQ%%@ GeR8%%q A iy SOl der

ball 150, therefore, nust “exceed the thicknes the potting material 22
20 wherein the overall profile of said package is between

about 40 mils and 50 mils.

34. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 41 mils.

35. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 44 mils.

36. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 47 mils.

37. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 50 mils.

heet Has Been Replaced

| T



23 90 extendi

- be encapsul at

shown havi ng

ng above top surface 92. The silicon chip 50 in Figure 4 may
ed by a potting material 90. Integrated circuit package 30 is
a layer 75 wth routing strips 82. Routing strips 82

are electrically connected to pads 100 by conduits 18 | ocated on top

surface 92 of

of bus bars 110. The bus bars 110 are

18 to one or

| ayer 75. Layer 75, as quicted Iin Figure 5, includes a pair
| ectrically connected by conduits
nore of the pads 100. As descri bed herei nabove in reference to

figures 2, bus bars 1afjrpagrBe’ YRTEGRATENACRREUIZS HA@W@IGESUPPI i es or
grounds. The silicon chip 50 has bondi ng pads 120 | ocated generally in the

central area of silicon chip 50. The bondi ng pads 120 are connected to
routing strips 82 and bus bars 110 by wire bonding 80. Figure 6 is a

sinplified cross-sectional pgceWaglr & THE DISCLOSURE

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 to opening
(86), a plurality of pads ({100) disposed on the first
surface (92) and electrically connected with at least one of
the routing strips (82), a chip (50) having bonding pads
(120) is adhered to the second surface (84) of the substrate
(70) and is of substantially the same outline as substrate
(70), wire bonding (80) electrically connecting at least one
bonding pad (120) to at least one of the routing strips (82)
and potting material (90) fil;ing the opening (86) is

disclosed.

Figure 1 v



integrated circuit package that is generally designated 36. The integrated

circuit package 36 conprises a silicon chip 50 and a printed circuit board
chip 50 by an adhesive |ayer 60.

70 which is attached to the silicon
In this embodinment, the printed circuif .bhoard 70 consists of a single
g 86. As best seen

| ayer 75. The printed circuit boarI s Rag: 1
in conjunction with Figure 5, routing struggwé%?'1d ug| bars 110 are
printed on the top surface 92 of pri' +—heard]70. After
assenbly, 24 opening 86 is filled Wit h pottlng material 90 as
represented by the dashed |ine abovel ppening 86 and around silicon chip 50
Pads 100 | ocated on top surface 92 of |ayer 75 are

Figure 1
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connected to solder balls 150. The electrical connections between silicon
chip 50 and printed circuit board 70 occur through the opening 86. Bondi ng

pads 120 | ocated generally in th ral _area of silicon chip 50 are
connected to routing strips 82 a TEE@&@Q% » ire bonding 80. Due to
fthe bRgy A4S BEGNnRy be insul ated before

tting”materffal 90 is used to cover

the nature of a single |layer 75,
e first surface 92. The

stitching of the wire bondi ng 80.
the wire bonding 80 and will therefore rise ove

t hi ckness of the solder ball 150, therefore, nust exceed the thickness of
the potting material 90 over top surface 92. The silicon chip 50 in
Figure 6 can be encapsul ated by a ppiting material 90 |ocated on the edges
of silicon chip 50 on the bottom surface 94 of printed circuit board 70.
The back of silicon ship 50, therefore,

Figure 3
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i s exposed which |leads to inproved thermal dissipation. Inportantly, the
printed circuit boards 70 depicted in Figures 1, 3, 4 and 6 are designed to
have substantially the sane outling-as-the-siticon-—chi p 50. Qutline, as
used herein, describes the |ength |pithSaidehr ahstewens| | i con chip 50,

whi ch may al so be referred to as tlhe fodEpi.aoEDof thg integrated circuit
package 30, 32, 34 and 36. The le et ted circuit package 30
may be between about 12 700 [err]m (500 m|s) and 20320 [err]m (800 mls),
with a [ength of about 15443.2 [err]m (608 m|s) being preferred. The

wi dth, on the other hand, may be betvigen about 5080 [err]m (200 mls) and
12700 [err]m (500 mlIs), with a wdth of about 6553.2 [err]m (258 m | s)
being preferred. The simlarity in length and wi dth between the printed
circuit board 70 and the silicon chip 50 is possible due to the
internal positioning of the electrical

j'a‘f

. Figure 4
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connections between the silicon chip 50 and the printed circuit board 70 by
"stitching" wire bonding 80 through the opening 86. Profile, as used

her ei n, describes the overall thic p O ' =ated circuit
package 30, 32, 34 and 36. A variety of]| {56t 8FEEWIAS BEENefit the overal |
profile of the integrated circuit packdge 3035848RERs t helinunber of |ayers
that conprise the printed circuit board 70. Whien the printed circuit board
70 has three layers 72, 74 and 76, as in figures 1 and 3, the profile of
the layers 72, 74 and 76 is of about 508 [err]m- 762 [err]m (20-30 mls).
By contrast, figures 5 and 6 have a single layer printed circuit board 75,
and may have a profile of about 304.8 [err]m (12 mSs). A doubl e | ayer
printed circuit board may have a profi/he of about 508 [err] (20 mls). The
silicon chip 50 described herein has a profile of about355.6 [err]m (14
m|s) when not
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encapsul gt ed, and of about 508 [err]m (20 mls) when 152.4 [err]m (6 m|s)
of potting material 90 is added to encapsulate the silicon chip 50. The
final conponent of the profile is the dianeter of the solder balls 150, and
t he adhesive layer 60. Using the dianeter of the solder balls 150 as an

exanple, the skilled artisan wl| apreC| e hat, s aII 50 may be
pl aceddbﬁpohedp@dls bl PadheddFRABERr O8f ofderghg?il; 1@65 and their

conposition, wll depend on the ove I renents of the
i nt egr aRbEtERLEUE FRERAGedEHACHREN 4L%n<§€§%£ cgn{’ifl 5" i ntended pur pose.

The di amet efheOsIoldeheans e BFefbratly avkF0diavhéter tetversn dopd 283 3nmaBenilskend he
potti material 90 is used on | f in the
openi n%sa’ﬂ‘ @GP ek T $VR BY Qf?fPréhl}ljpa eoaatﬁgﬁ{e%glﬁw&n a%? &? EEeI hmg%ﬁﬁlgﬁa%t eri al
90 is ?&8 pum mlFs) in one embodiment, potting material encapsulates the chip adding a thickness of about

152.4 um (6 mils). The substrate may preferably have a thickness between about 203.2 um (8 mils) and

711.2 pm (28 mils). In a single layer embodiment, the substrate may have a thickness of about

304.8 pm (12 mils). In a multi-layer embodiment where the bus bars and the routing strips
may be disposed in the opening of the substrate, a first layer may have a thickness of
about 304.8 pm (12 mils) and a second layer may have a thickness of about 203.2 pm (8
mils). Alternatively, a first layer may have a thickness of about 304.8 ym (12 mils), a
second layer may have a thickness of about 203.2 pm (8 mils) and a third layer may
have a thickness of about 203.2 pm (8 mils).

The profile of the integrated circuit package of the present invention may
preferably be between about 1016 pm (40 mils) and 1270 pm (50 mils). More
specifically, the profile of the integrated circuit package of the present invention may

preferably be about 1041.4 pm (41 mils), about 1117.6 pm (44 mils), about 1193.8 um
(47 mils) or about 1270 pm (50 mils).
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extrude beyond the opening 86 above the plane of top surface 92. In the

| ater case, where the potting nmaterial 90 over fills opening 86, the

di aneter of solder balls 150 may have to be increased to conpensate for the
added profile of potting nmaterial 90, as shown in figures 4 and 6. On the
ot her hand, if the potting material 86 does not conpletely fill the opening

86, as in flgures 1 and 3, qr f ush éﬂe flrs surface 92, then the
di anet er 58 QﬁeagoPHQFSBXFI fgﬁrm£P SHpFE, ?gfferQrﬂﬁanFs) 26

s b A L L BRI
the Si1iGOmehi Dyo0. And Lise POl LGyt efﬁglprmtég%igeam £30:41 by from
t he print %ﬂ r r

consists of three layers, a top layer 72, an intermediate

layer 74, and a bottom layer 76.

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
50.8 um (2 mil) per sheet (type 106) to about 203.2 um (8 mils) per sheet (type 7628).
Dielectric constant is determined by a combination éf 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
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and 254 [err]m (10 mls) fromthe solder balls 150. The integrated circuit
package 32 depicted in figure 3 may have an overall profile of about 1117.6
[err]m (44 m|s). The overall profile of about 1117.6 [err]m (44 mls),
conmes from355.6 [err]m (44 mls) of silicon chip 50, 508 [err]m (20 mIs)
fromprinted circuit board 70 and 254 [err]m (10 mls) from sol der balls
150. The integrated circuit package 34 depicted in figure 4 nay have an

overall profile of about 1193.8 [err]m (47 m|s). The, overal raofil e of

i ntegrated ci reveR §2°BSHE§19P6ﬁ;hﬂg?ﬁkégﬁrP?E%F Ig}rﬁ?lgiLPgEﬁ dp 50
and its potting paterial 90, 304.8 rr 12 m,l s)_.from printed, circuit
boar d 70Pa%ncf‘?gs‘811n‘{ ertrRe 15-3%9ES) %?Om] 2]3I(’de?ngal %2/ 150¢ pﬁ%boug\ﬂer &9

fil foi ' it, k depi Ln_fi. J f. ab
D091 aferROFEREoRRT B o HoRrERT Oipotmen S abhat "pridthE, Sastiin oo
1 f 355. 6 ] 4 m.| f ,si )i ' , .304.8 .
(12" hi Lo B8a b oPi Mk ST Hoafosao B d e 1k ol 38w mgythiom | "
| d bal | 15Q. . Th Nt i ' ' ' dt d
hteor at YR EPFET BTk gt | 95 18RngthE il S8 CRLERLRT R on
In OutllngmgggiREREglgre shown here as figures 4 and 6.

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 an
opening 86 with routing strips 82 and bus bars 110 extending
into, or to, the opening 86. Disposed on pads 100 are
solder balls 150.
The wire bonding 80 process may begin after silicon
chip 50 has been adhered to printed circuit board 70.
Silicon chip 50 and printed circuit board 70 are then
positioned on a heated pedestal to raise the temperature of
the combination to a point between 100 —309 C. A gold wire
having a diameter typically ranging from 17.78 pm (0.7 mil) to 33.02 pm (1.3 mil),
is strung through a heated «capillary where the
temperature may range between 200 -500 C. A gold or silver

bond wire soldering ball is created at the end of the wire
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The present invention also allows for decreased failure due to the 27 28
reduced nunber of soldered materials having varying coefficients of

t her mal expansi on. The present invention further reduces the overal

nunber of steps in the assenbly of, for exanple, nmenory units by

stream ining the assenbly process not only in reduced nunber of steps, but
also by elimnation the curing steps associated with encapsul ating

i nt egrah%qn%' rEUifer a TREaREESENta | SYLRK | Gchmidhel T atiicesgd ey agpunt of

material used 1 n producing integrated circuit packages 30,32, 34 and 36,

t her eby sSavidig dd 1 rifNek ANt d than\braygmntto bonding pad 120 on
the silicon chip 50 and a combination of compression force
and ultrasonic energy are used to create ﬁhe desired
metallurgical bond. Using this “stitch” technique
signifiéantly 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 achiéved, 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 outer edge of the
bond. ?his 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.

Following the assembly of the above-described

components, the opening 86 is filled with potting material
90 as represented by the dashed line above opening 86. As
an alternative, printing material may be used instead of the
potting material. The potting material 20 may also be used
to thinly encapsulate the silicon chip 50, for example, with

a layer having a thickness of between about 101.6 um (4 mils) and 304.8 pm (12 mils). In one

embodiment the thickness of the encapsulating potting material layer is 152.4 pm (6
mils).

18
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Furthernore, the nmethod 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 connects the silicon chip 50 and the printed circuit
board 70 in a single step. By filling the opening 86 with potting materi al
90, the wire bonding 80 between silicon chip 50 and the printed circuit

board 70 are geneﬁgkkgrggggegkeqykﬁgghtQot%g%brggggﬁg and are partlcularly
pr ot eete ed—omotrsture—due—to—the—het By C Bet st PT g;lwc&{ébd}gﬁgtﬂéﬂ’ﬁ
Thi s et PRLidac [ Bt egrated crrecur t package 30 32, 34 and 36, of

t he presented mgention greatly reduces sle overall profa.he by ald.owi ng t he

non- oper at i V&€ Har back5|d% of the siligan chtrp 50 tB7 be exdpdsed. By
her met Pwllpgglgleof%PanD‘t k& connecti ong'ot%‘et ween the silicon Chldo.lgg) and
10° Hz 0.03 ——- 0.001 0.03
Dielectric strength, D-149;
Vipm (Vimit) 18(450)  13(325) 22(550) 16(400)
Volume resistaivity, D-257;
cm 10* 1048 10® 10+
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 1.15 1.2 1.05 1.0
Water absorption, D-570; % 24 h 0.15 0.3 0.12 0.4
Heat deflection temperature,

D-648; at 1.8 MPa (264 Ibfin?), °C(F) . 193(380) 127(260) <21(70) <21(70)
Tensile strength, D-638; MPa (ibfin) 62(9000)  £9(10,000)  7(1000) 14(2000)
Impact strength (Izod), D-256; .

Jim (it Ib/in) 27(0.5) 16(0.3) No break No break
Coefficient of thermal expansion, :

D-969; 10°°°C (10°%/F) 9.9(6.5) 13.5(7.5) 7.2(4.0) 27(15)
Thermal conductivity, C-177; ' .

W/m°C (Btu/(h ft F)) 2001.7) 29(1.7 2.6(1.5) 2.6(1.5)
Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

Although the board-on-chip layout of integrated circuit
package 30 as depicted in Figures 1 and 2 haé 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 alifernate layouts such as positioned along the
sides of the silicon chip 50.

Also, it should 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

bearnd B Al
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29 the printed circuit board 70 at the opening 86, there is no need to
conpletely encapsul ate the entire assenbly. Additionally, reduced
environnmental inpact is obtained using the nethod and apparatus of the
present invention due to the overall decrease in the size of the integrated
cireuit package 30. Wiile this invention has been described in reference to

il ' d this d i pt t t ended t t d
n oL m U nd SBBREe. T VAR dusSHBHLEFEREI (1 SHd SROTRGt | THEY PR gt

11 st e e LS 38481 35,80 Y EIhad R S ol d Pt o0

wll be ap p rent to person

éﬂgoggzg‘gﬂeghy SL&::naéneit)dd: 1f ié&%éc@éngg e@o&x??"rlsrege a%_qq%%% C(':l'zlii e
50, and a printed circuit board 70 attached to the silicon
chip 50 by an adhesive layer 60. The printed circuit board
70 depicted in figure 4 consists of a single layer 75.

The printed circuit board 70 may be constructed from a
material such as FR-4. The thickness of the printed circuit _
board 70 may be of about 304.8 pm (12 mils). Referring collectively to
Figures 4 and 5, layer 75 has routing strips 82 that are
electrically connected to pads 100 located on top surface
92. Layer 75 also includes a pair of bus bars 110 that are
electropically connected to pads 100,

The silicon chip 50 has bonding pads 120 located
generally in the central area of silicon chip 50. The
bondipg pads 120 are connected to routing strips 82 and bus
bars 110 by wire bonding 80 through opening 86.

Due to the nature bf a single layer 75, the bus bars
110 may be electrically insulated before stitching of the
wire bonding 80. The potting materiél 90 is used to cover
the wire bonding 80 and will therefore rise over the top
surface 92. The thickness of the solder ball 150,

therefore, must exceed the thickness of the potting material

22




30 What is clained is: 1. An integrated circuit package conprising: a
substrate having an opening, first and second surfaces and an outline; a
plurality of routing strips being integral with said substrate; a plurality
of pads disposed on said first surface, at |east one of said pads being
electrically connected with at. |east one of said routing strips; a chip
adhered to said second surface of said substrate, said chip having an

outl | nedhat L5y SURS ANIRILY HBBoPER 5 33 iRl kédMinGabd eastrate

lntegrated circuit package 30, 32, 34 and 36. The length of

the integrated circuit package 30 may be between about 12 700 um (500 mils) and
20320 um (800 mils), with a length of about 15443.2 um (609 mils) being preferred. The width, on the other

hand, may be between about 5080 pm (200 mils) and 12700 pm (500 mils), with a width of about 6553.2 um
(258 mils) being preferred. The similarity in Iehgth and width between the

printed circuit board 70 and the silicon chip 50 is possible
due to the internal positioning of the electrical
connections between the silicon chip 50 and the printed

circuit board 70 by “stitching” wire bonding 80 through the

opening 86.

Profile, as used herein, describes the overall
thickness of the _integfated .circuit package 30, 32, 34 and
36. A variety of factors will affect the overall profile of
the integra.Lted circuit package 30, such as the number of
layers that comprise the printed circuit board 70. When the
printed circuit board 70 has three layers 72, 74 and 76, as
in figures 1 and 3, the profile of the layers 72, 74 and 76
is of about 508 pm - 762 pm (20-30 mils)._ By contrast, figures 5 and 6 have a
single layer printed circuit board 75, and may have a
profile of about 304.8 pm (12 mils). A double layer printed circuit

board may have a profile of about 508 pm (20 mils). The silicon chip

50 described herein has a profile of about 355.6 um (14 mils) when not

H
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at least one bonding pad; wire bonding electrically connecting said at

| east one bonding pad to at |east one of said routing strips; and potting
material filling said opening to cover said wire bonding and said at |east
one bondi ng pad. 2. The integrated circuit package as recited in claim1l
wherein said substrate includes at | east one bus bar being integral wth
said substrate, said at |east one bus bar electrlcallg connected to at

| east oﬁwugﬁdda%ﬁtﬁwt PREM AR mils) whenstS2ghemd 8 milshefdottiigs posed on sai d

first surface of said substrate. This Sheet Hgs Beerl Reéal aced 3. The
i nt egr AREEELREUIA0 phEkagEeds G PRSP I 24 Fhe silicon “chip 50.

The final component of the profile is the diameter of the
solder balls 150, and the adhesive layer 60.

Using the diameter of the solder balls 150 as an
example, the skilled artisan will appreciate that solder
balls 150 may be placed on the pads 100. The diameter of
the solder balls 150, and their composition, will depend on
the overall profile requirements of the integrated circuit
package 30, 32, 34 and 36, and its intended purpose. The
diameter of the solder balls 150 will also depend on whether
the potting material 90 is used only to cover the wire
bonding_ 80 within the opening 86 of the printed circuit
board 70, or 1if the potting material 90 ' is allowed to
extrude beyond the opening 86 above the plane of top surface
52. In the later case, where the potting material 90 over
fills opening 86, the diameter of solder balls 150 may have
to be increased to compensate for the added profile of
potting material 90, as shown in figures 4 and 6. On the
other hand, if the potting material 86 does not completely
fill the opening 86, as in figures 1 and 3, or is flush with
the first surface 92, then the diameter of the solder ball

150 may be, for example, 254 um (10 mils).

REPLACEM:
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2 wherein said at | east one bus bar and said routing strips are disposed in
sai d openi ng. 4. The integrated circuit package as recited in claim1l
further conprising at | east one solder ball disposed on at |east one of

sai d pads disposed on said first surface of said substrate. 5. The

i nt egrated cir cin themmblodijecns of figure f eintegrated eirawit pagkagecidimayhavean | east one

| der bal | : 0 i i
i amet or - QU ERIRFEEANCI 7o (20 NS POTHnT20 el P Mo S b wer i n
sai d at | e&Standrits petiind ematdrél BO,i 50850 (20 @8s) fjoar thpmrifted arclitpoard 70| ameter. 7.

The integrat I reuit . kage as.recit in claim4 wherein said at |east:
one sol der aﬂggﬁgi@ gbdﬂ[%?g%'f%fee?‘?ﬁ??ﬁeﬂay%?%?l s) is dianeter. 31
The integrated circuit package 32 depicted in figure 3 may have an
overall profile of about 1117.6 um (44 mils). The overall profile of about 1117.6

um (44 mils), comes from 355.6 um (44 mils) of silicon chip 50, 508 pm (20 mils) from printed circuit board
70 and 254 pm (10 mils) from solder balls 150.

The integrated circuit package 34 depicted in figure 4 may have an
overall profile of about 1193.8 pm (47 mils). The overall profile of integrated
circuit 34 comes from, 508 pm (20 mils) of silicon chip 50 and its potting material

90, 304.8 pm (12 mils) from printed circuit board 70, and 381 pum (15 mils) from
solder balls 150.

The overall profile of integrated circuit package 36, depicted in figure & is
of about 1041.4pm (41 mils). The overall profile of about 1041.4 um (41 mils)

comes from, 355.6 um (14 mils) of silicon chip 50, 304.8 pm (12 mils) from
printed circuit board 70, and 381 um (15 mils) from solder balls 150.

The present invention, therefore, is directed toward an integrated circuit
package 30, 32, 34 and 36, having an overall reduction in outline and profile.
The present invention also allows for decreased failure due to the
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8. The integrated circuit package as recited in claim1l wherein said chip
has a thickness between about 254 and 508 [err]m (10 and 20 mls). 9. The
integrated circuit package as recited in claim1l wherein said chip has a

t hi ckness of about 355.6[err]m(14 ms). 10. The integrated circuit package
as recited in claim1l wherein said potting material encapsul ates said chip
and wherein said potting nmaterial has a thickness of about 152.4 [err]m (6
mls). 11. The integrated circuit package as recited in claim1l wherein

said substrate hagcaihbbgkaess ofrbeivesicrgyta203e2iapd Talc2afRrrlm (8
and 28 mls). 12. The integrated circuit package as recited in claim11l

wher ei n sRédeshibghiat ethasastt bnekpess mwfr ahutsa BP4rSheingnkt2apks) . 13.
The integrated circuit package as ‘recited in claim 1l wherein said

substrate dbaspbsest iAndasacopeninyers and wherein said first layer has a
t hi ckness of about 304.8[err]m(12m | s)
4, The integrated circuit package as recited in claim
1 further comprising at least one solder ball disposed on at
least one of said pads disposed on said first surface of

said substrate.

5. The integrated circuit package as recited in claim 4 wherein said at least one

solder ball is between about 203.2 and 508 um (8 and 20 mils) in diameter.

6. The integrated circuit package as recited in claim 4 wherein said at least one

solder ball is about 254 pm (10 mils) in diameter.

7. The integrated circuit package as recited in claim 4 wherein said at least one

solder ball is about 381 um (15 mils) is diameter.
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and sai d second | ayer has a thickness of about 203.2[err]m (8 mls). 14.
The integrated circuit package as recited in claim1l wherein said
substrate has first, second and third |ayers and wherein said first
has a thickness of about 304.8 [err]m (12 m|s), said second | ayer

t hi ckness of about 203.2 [err]m (8 mls) and said third | ayer

has a

| ayer
has a

thi ckness of about 203.2 [err]m (8 mls). 15. The integrated circuit
package as $ethe Biedrated |CHPW! paciaee asrepitrd pvaaial 1 wheodin |seidoghip hiagl gpackage

S betMﬁﬁH%%§§§W%%9*§“Rag453590$§ﬁﬂb§5&§90qﬁgl50 mls). 16. The integrated

circuit pa s recitedinc

erein“the profile of said package

I s about 1041.4 {err]m (41 mls). 17. The integrated circuit package as
recited in claim1 wherein the profile of said package is about 1117.6 pm

(44 mils).

9. The integrated circuit package as recited in claim

1 wherein said chip has a thickness of about 355.6 pra (14 mils).

10. The integrated circuit package as recited in claim

1 wherein said potting material encapsulates said chip and

wherein said potting material has a thickness of about

152.4 pm (6 mils).

11. The integrated circuit package as recited in claim

1 wherein said substrate has a thickness of between about

203.2 and 711.2 um (8 and 28 mils}).

12. The integrated circuit package as recited in claim

11 wherein said substrate has a thickness of about 304.8 um (12 mils).

13. The integrated circuit package as recited in claim

11 wherein said substrate has first and second layers and

wherein said first layer has a thickness of about 304.8 pm (12 mils)

and said second layer has a thickness of about 203.2 pm (8 mils).
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18. The integrated circuit package as recited in claim1l wherein the
.profile of said package is about 1193.8 pm (47 mls). 19. The integrated
circuit package as recited in claim1l wherein the profile of said package
is about 1270 [err]m (50 mls). 33 20. An integrated circuit package
conprising: a substrate having an opening, first and second surfaces and an
outline; ayplurehbtynebgkaubingisthlipSphekagei Abegeali teit Ansaild igubst r at e;
a plurality of pads disposed on said first surface, at |east one of said
pads bei ngeekest kheal kybeeraest RIsWrihsal keashdoaadothsaidd legutrisng stri ps;

and wherein said first layer has a thickness of about 304.8 pm (12 mils), said second

layer has a thickness of about 203.2 um (8 mils) and said third layer has a thickness of

about 203.2 um (8 mils).

15. The integrated circuit package as recited in claim
1 wherein the overall profile of said package 1is between

about 1016 and 1270 um (40 and 50 mils).

16. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 1041.4 um (41 mils).

17. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 1117.6 pm (44 mils).

18. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 1193.8 ym (47 mils).

19. The integrated circuit package as recited in claim

1 wherein the profile of said package is about 1270 pm (50 mils).
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a chip adhered to said second surface of said substrate, said chip having
an outline that is substantially the sane as said outline of said
substrate, said chip having at | east one bondi ng pad; w re bondi ng

el ectrically connecting said at | east one bonding pad to at | east one of
said routing strips; at |east one bus bar being integral with said

substrate, i d @l ll%é%g%\%&%m{itelﬁ%){fd@léy £oested,t@ A | east one

of said bondihg pads an east, one sal d pads di sposed on said first

surfack Gfn Sl th SUDSE ot € e PO M0 B @dAlardd |4d 19 Seheli Qpest pgps0 cover
said wire bonding and said at |east one bonding pad; and at |east one

sol derghald; dispaseth oL Ad dSasinpne of said pads di sposed on said first
surface of said substrate. ]
23. The integrated circuit package as recited in claim

20 wherein said at least one solder ball is between about

203.2 and 508 um (8 and 20 mils) in diameter.

24, The integrated circuit package as recited in claim 23 wherein said at least one

solder ball is about 254 um (10 mils) in diameter.

25. The integrated circuit package as recited in claim 23 wherein said at least one
solder ball is about 381 um (15 mils) in diameter.

26. The integrated circuit package as recited in claim 20 wherein said chip has a
thickness between about 254 and 508 um (10 and 20 mils).

27. The integrated circuit package as recited in claim

20 wherein said chip has a thickness of about 355.6 pm (14 mils).
.
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21. The integrated circuit package as recited in claim20 wherein said at
-l east one bus bar and said routing strips are disposed in said opening. 23.
The integrated circuit package as recited in claim20 wherein said at . |east
one sol der ball is between about 203.2 and 508 [err]m (8 and 20 mils) in
dianeter. 24. The integrated circuit package as recited in claim 23 wherein

said at |eppt OfG sphE&irdadd dSraboutp29daderdd médOeanl sh Enagdhaneter.

25. The integrated circuit package as recited in claim23 wherein said at

| easto@ngh &b der shakl pbet 28RgUhad8Eiber khiapbultidey ddt dli @mepebng26. The
integrated circuit package as recited in claim20 wherein said chip has a

t hi ckiesse et waen aailimpinandrb8 [y ]an ¢HA Arks) 8El Yood?. The

integrated circuit package as ‘recited in claim20 wherein said chip has a
t hi ckisessuefcadieut 355.6 [err]m (14 mils). 35

29. The integrated circuit package as recited 4in claim

20 wherein said substrate has a thickness of between about

152.4 pm and 711.2 um (8 and 28 mils).

30. The integrated circuit package as recited in claim

29 wherein said substrate has a thickness of about 304.8 pm (12 mils).

31. The integrated circuit package as recited in claim
29 wherein said substrate has first and second layers and
wherein said first layer has a thickness of about 304.8 um (12 mils)

and said second layer has a thickness of about 203.2 ym (8 mils).

32. The integrated circuit package as recited in claim
29 wherein said substrate has first, second and third layers

and wherein said first layer has a thickness of about

304.8 pum (12 mils), said second layer has a thickness of about 203.2 pm (8 mils) and
said third layer has a thickness of about 203.2 pm (8 mils).
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28. The integrated circuit package as recited in claim20 wherein said
potting material encapsul ates said chip and wherein said potting materi al
has a thickness of about 152.4 [err]m (6 mls). 29. The integrated circuit
package as recited in claim20 wherein said substrate has a thickness of
bet ween about 152.4 [err]mand 711.2 [err]m (8 and 28 mls). 30. The

i ntegratedzircrd ipaokageeas digwdied gackagd M2 Tadidresd nirsac e subst rat e
has a thickness of about 304.8[err]n(12mls). 31. The integrated circuit
pack@&ge alseretnt ¢tel rowdmlh 29rabielei nfsaiad dubstkage has Betrwdemnd second
| ayers and wherein said first |layer has a thickness of about 304.8 [err]m
(12 midcgit aipd6 sad d23enond0laay 60 iy a t hi ckness of about 203.2 [err]m (8
mls).

34, The integrated circuit package as recited in claim

20 wherein the profile of said package is about 10414 um (41 mils).

35. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 1117.6 pm (44 mils).

36. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 1193.8 um (47 mils).

37. The integrated circuit package as recited in claim

20 wherein the profile of said package is about 1270 pm (50 mils).
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32. The integrated circuit package as recited in claim?29 wherein said
substrate has first, second and third |l ayers and wherein said first |ayer
has a thickness of about 304.8 [err]m (12 m|s), said second | ayer has a

t hi ckness of about 203.2 [err]m (8 mls) and said third | ayer has a

t hi ckness of about 203.2 [err]m (8 mls). 33. The integrated circuit
package as recited in claim20 wherein the overall profile of said package
i s between about 1016 and 1270 pm (40 and 50 mls). 34. The integrated
circuit package as recited in claim?20 wherein the profile of said package
is about 1041.4 [err]m (41 mls). 35. The integrated circuit package as
recited in claim20 wherein the profile of said package is about 1117.6
[err]m (44 nmils). 36. The integrated circuit package as recited in claim
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20 wherein the profjle of said package is about 1193.8 [err]m(47nils) 37.
The integrated circuit package as recited in claim?20 wherein the profile
of said package is about 1270[err]m(50m|s). 37
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