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The present invention relates in gener to d of |nte

circuit packages and nore specifically to substantially flat, jgd’
integrated circuit packages that provide a flexible |ocation for the po
connections of the integrated circuit.

FLEXIBLE PIN LOCATION 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, double sided integrated circuit packages

that provide a flexible location for the power connections of

the integrated circuit.



-2- BACKGROUND OF THE | NVENTI ON Wthout Ilimting

. the .scope of the invention, its background is déscribed in connection
with integrated circuit packages, as an exanpl e. Heretofore, in this

field, integrated circuits have been fornmed on sem conductor wafers. The

mafers are separated into individual chips and the individual chips are

t hen handl ed and packaged. The packagrnéipTocess I's one of the nost

critical steps in the inteqgra _ﬁﬁgprocess both from

t he point of view of cost EREK ally, the packaging

cost can easily exceed the cost of t he |ntegrated circuit chip and the
majority of dewidshdwef | ukéwiting pabkagisegpeel sifed.the 1n"|¢1‘ét}%egrat3§d

circuit nmust be packaged in a suitable nmedia that will protect it in
subsequenty, ARtdIri H038sE€Psbed afl EopAREDEORNWE EANIRBEgRhLEES cilbtended
application. re bondi ng and encapsul ation are the two main steps in the

packaglngégccgggs,vgreagogg mgﬁgwmects the leads fromthe

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

The integrated circuit must be packaged in a suitable
media that will protect it in subsequent manufacturing steps
and from the environmgnt of its intended application. Wire
bonding and encapsulation ére the two main steps in the
packaging process. Wire bonding connects the leads from the
chip to the terminals of the package. The terminals allow thé

integrated circuit package to be connected to other



chip to the termnals of the package. The terminals allow the
*circuit package to be connected to other

-3-. conponents. Follow ng wire bonding, encapsulation is enployed to seal
the surfaces from noi sture and contam nation and to protect the wire
bondi ng and ot her conponents from corrosion and nechani cal shock.
Conventionally, the packaging of integratéd circuits has involved
attaching an individual_chip to a lead frane, where, following wire
bondi ng GABPEREBRESul afPbhoWHRS | Yhee derpding, gencapaul akion haeeretoviedt he
term nal s of the package. The packaging of integrated circuits has al so

i nvol vedtbheeall anssrestrohcebi fxoan moidadd! anboabtvandmt fat | andngo
adhesion of the chip to the surface of the flexible board and wre

bondi ng, g -d ' ' .exi bl
pond 9 pBLPRATRS Wird SARAEE] ST oLHECURERLALE €20 CBREobLEH b1

and mechanical shock.

I nt egrated

Conventionally, the packaging of integrated circuits has
involved attaching an individual chip to a lead frame; where,
following wire bonding and encapsulation, designated parts of
the 1e§d frame become the terminals of the package. The
packaging of integrated circuits has also involved the
placement of chips on a flexible board where, following
adhesion of the chip to the surface of the flexible board and
wire bonding, an encapsulant is placed over the chip and the
adjacent flexible board to seal and protect the chip and other
components.

Unfortunately, current methods for encapsulating silicon

chips have led to various problems, including cracking between
the encapsulation material énd the integrated circuit
components, as well as high failure rates due to the multi-
step nature of the process. Cracking has plagued'ﬁhe industry

because of differences in the coefficient of thermal expansion



conponents. . Unfortunately, current nethods for encapsul ating silicon
"chi ps have led to various problens, including cracking between t he
encapsul ation nmaterial and the integrated circuit conponents, as well as

high failure rates due to the nmulti- step nature of the proeess. Cracking
has pl agued the industry because of differences in the coefficient of
t hermal expansi on 4 -4- of the

di fferent congdnents, for exanpl e, betﬁéen-Ehe sol dering materials at the
di f f er entof nt BReacdi LiRyepEt weOPORATHIS i ¢ £PM nexamelal | | Petwsepondmes.

Cracking 1is also frequent between the silicon wafer and the encapsul ation

mat eri al ssoldezlihyg epdreEal gugt t ehehdi®fereit viatt et facesi Andt &reveirir e
in various environnents and between periods of operation and

non-operahkPll1lic and non-metallic components. Cracking is also

frequent between the silicon wafer and the encapsulation
materials, usually epoxies, due to the extreme variations in
temperature in various environments and between periods of
operation and non-operation.

Furthermore, even if the integrated circuit is
successfully assembled, current encapsulation technologies
limit the design options available for the designer of, for
example, motherboards. The aesigner of motherboards is forced
to use the lead configuration designed into the integrated
chip module, in particular the position of Pin #1, which often
provides the V.. or ground for the integrated circuit.

Therefore, a need has arisen for an integrated circuit
package and a process for producing an integrated circuit
package that provides for flexibility in the location of
connection leads. More particularly, a need has arisen for an

integrated circuit that provides the designer of motherboards

flexibility in the routing of current or ground to the



Furthernore, even if the integrated circuit 1is successfully
‘assenbl ed, current encapsul ation technologies |imt the design options
avai l abl e for the designer of, for exanple, notherboards. The designer of
not herboards is forced to use the |ead configuration designed into the
integrated chip nodule, in particular the position of Pin #1, which often
provides the V[eer] or ground for the integrated circuit. Ther ef or e,
a need hag_arisen for an integrated circuit package and a process for
producinglaﬁesﬁ?§§Pate&16FP&GPt packBge YMeRIPRECAdesCiBRuULtxi Boecope| n
the | ocation of connection |eads. Mre particularly, a need has arisen for
an i nt egincrgasingdivt milditatpnoivdedss & heakanerlob amt den bHer dShorter
flexibility in the routing of current or ground to the

-5-  integigkedt rGutidd -on motMerbddtEy M use Cbf Cihhd SconBEEQEts on

the thickness of layers, current, and resistance.



increasingly mniaturized, a need has also arisen for shorter circuit
routing on notherboards because of the constraints on the thickness of
| ayers, current, and resistance.

- 6-
SUMVARY OF THE | NVENTI ON The present invention disclosed herein

conprises an integrated circuit package and a process for produci ng an

I ntegrated circuit package that providqﬁ flexibility in the orientation

of the integrated circuit cacka e. Nbre particularly it provides a
flexi ble location for Pin #EMNAR asias 8% des a source of V[err]

or ground for the integrated CIrCUIt The I ntegrated circuit package
conpri ses a sThet ratesehavi hgvemnt bpenidisahdsédr sheneiin s econpl bses aces. At

| east one bus bar is integral with the substrate and extends into the

openi ng. ; A BEYEk €T 81 PLi PAHAkd]d Shn@"4 SE£EBEsENdor Sproducing an

integrated circuit package that provides flexibility in the
orientation of the integrated circuit package. More
particularly it provides a flexible location for Pin #1, which
generally provides a source of V. or ground for the integrated
qircuit.

The integrated circuit package comprises a substrate
having an opening and first and seéond surfaces. At least one
bus bar is integral with the substrate and extends into the
opening. A power terminal having first and second ends is
disposed within the substrate. The first end disposed on the
fifst surface and the second end is dispésed on the second
surface. The first and second ends are electrically connected

with the bus bar. A via extends between said first and second

ends.
A plurality of routing strips are integral with the
substrate and extend into the opening. A plurality of pads is

disposed on the first and second surfaces. At least one of



di sposed within the substrate. The first end disposed on the first surface
-and the second end is disposed on the second surface. The first and second
ends are electrically connected wth the bus bar. A via extends between
said first and second ends. A plurality of routing stri-ps are
integral with the substrate and extend into the opening. A plurality of
pads is di sposed on the first and secgnd surfaces. At |east one of

-7- the pads disposed on the first surface is electrically connected with

at | eastcigge pidd heligpbseq Sbii pshank st easirfare afs t led quadsi ciSppsed
on the second surface is electrically connected with at | east one of the

011 0 5BAISEsa e s 0be GHISEECLAD Lhe: SHihelge e g ebse! uces
one of the pads disposed on the second surface is electrically
connected with at least one of the routing strips.

A chip is adhered to the substrate. The chip includes at
least one bonding pad. Wire bonding electrically connects the
bonding pad to at least one of the routing strips. Wire

~ bonding electrically connects the bus bar to at least one of
the bonding pads. Potting matefial fills the opening.

In one embodiment of the present invention, at least one
solder ball is located on the first end of the power terminal.
In another embodiment of the present invention, at least one

solder ball is 1located on the second end of the power

terminal. In yet another embodiment, at least one solder ball

located on the end of the power terminal and at least one

solder ball located on the second end of the power terminal.



bondi ng pad to at | east one of the routing strips. Wre bonding

‘el ectrically connects the bus bar to at |east one of the bondi ng pads. -
Potting material fills the opening. I n one enbodi nent of the present

i nvention, at |east one solder ball is located on the first end of the
power term nal. I n anot her enbodi nent of the present invention, at |east
one solder ball is located on the seeoBd-end of the power termnal. In
yet anot her enbodi nent, at Ieast one solder baII Iocated on the end of
the power term nal and BRIEBAR il © on the second end

of the power term nal. | - 8-

BRI EF DESCRI PTFEN G nide DBOMbNEEBe undd®standPh§ ¥ iied erdpdarskandidg of
the features and advantages of the present invention, reference is now

made to  LBE.fAehabked sdeREr LREERQR O nbAG L DR NP AL N0 W th NS de 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 simplifiéd top wiew 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 view of a printed circuit board
substrate strip showing 10 units;

Figure 5 is a simplified view of an integréted circuit
package comparing the position of Pin #1 in top and bottom
views of an integrated circuit packége;-and

Figure 6 is a three diﬁensional rotational progression

showing the different positions for the location of Pin #1.



acconpanyi ng figures in which corresponding nunerals in the different

- figures refer to corresponding parts and in which: Figure 1 is a .
sinplified end cross-sectional view of an integrated circuit package of

t he present invention; Figure 2 is a sinplified top view of an
integrated . circuit package of the present invention; Figure 3 is a
sinplified end cross-sectional view of gy i ntegrated circuit package of

the present invention; Figure 4 1s"a sinplified view of a printed

circuit board substrate strlp show ng 10 unlts Figure 5is a

sinplified view of aRETALLGLLDESRIRLAQN ' ¥Ry the position of

Pin #1 in top and bottom views of an |ntegrated CIrCUIt package; and

Figure 6 is aWhilee thersmskingl andtwsinmpadf pvagiessi embodhmentg tfe the
different positions for the location of Pin #1.

present invention are discussed in detail below, it should be

appreciated that the present invention provides many

~applicable inventive concepts which can be embodied in a wide
variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific ways to

make and use the invention and do not delimit the scope of the

invention.

The present invention is related to a high frequency

integrated circuit that provides flexibility = in the

orientation of the integrated circuit, and more particularly,

to the position of Pin #1. The present invention is also

related to a board-on-chip design to enable a plurality of
integrated circuit packages to be stacked together for high
speed performance and to meet the space constraiht

requirements of modern semiconductors. The present invention

also addresses the problems associated with the electronic
capacity of the chip assembly, and in particular to the limits

created by standard integrated circuit encapsulation. The



-9- . DETAI LED DESCRI PTI ON OF THE | NVENTI ON Whi | e t he nmaki ng
-and using of various enbodi nents of the present invention are discussed in
detail below, it should be appreciated that the present invention provides
many applicabl e inventive concepts which can be enbodied in a w de

variety of specific contexts. The specific enbodi nents discussed herein
are nerely illustrative of specific ways to nake and use the invention and
do not delimt the scope of the inventid8. - The present invention is

related to_a hi frequency integrated .circuit .that rovides, .
flexibil iP§1nFﬁgTFﬁe°%oF?‘@npgﬁs(‘}ﬁ‘%of”’tvﬁé’ti%d?aéf &F HITUFROE d"n%d e
particularly, to the position of Pin #1. . The present invention is also
rel ated t fox bexespde.chidp depngnronoeaabDBAN pl($DRAM)y iligergreléd.
circuit packages to be stacked together for high speed performance and to
meet the spAereaONUH& PreskAlUiin/@IHioridD4EES SPPIGTUBIE S . LABEC,

present invention also addresses the problens associated with the
electroni%RAM, EPROM and any other integrated circuit components.
Figure 1 is a simplified cross-sectional view of an
integrated circuit'package that is generally designated 30.
The integrated circuit package 30 comprises a silicon chip 50,
which can be, for example, any integrated circuit component
such as a DRAM, an EPROM, a SRAM or a LOGIC chip. A printed
circuit board 70 is attached to the silicon chip 50 by an
adhesive layer 60. The adhesive layer 60 may be made of, for
example, a double-sided adhesive polyamide tape, adhesive glue
or epoxy. The printed circuit board 70 consists of four
layers, a top 1ayer 72, an intermediate layer 74, an
intermediate layer 76, and a bottom layer 78.
The printed circuit board 70 may be constructed fxrom 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. 1In éelecting the material for printed

circuit board 70, one skilled in the art will recognize that



capacity of the chip assehbly, and in particular to the limts created by
. standard integrated circuit encapsulation. The '

- 10 - principles of the present invention may be incorporated into, for
exanpl e, a synchronous DRAM (SDRAM silicon chip. However, the present

invention is also applicable to LOG C, SRAM EPROM and any ot her
I ntegrated circuit conponents. Figure 1 is a sinplified

cross-sectional view of an integratediqircuit package that is generally
designated 30. The integrate

d.circuit package 30 conprises a.sijlicon chip
50, whitPUEaPHEE™EbPE Exa PB}gangeianﬁﬁé?gae 'rBﬁgglgbnpgﬁﬁﬁ?quﬁﬂ%h as a
DRAM an EPROVM a SRAM or a LOG C chip. A printed circuit board 70 is
att acheddieleheriicl i constanp, 5@¥gsan tradisddiion | hpmpegatunee abfdesihe

|l ayer 60 nay be made of, for exanple, a double-sided adhesive pol yan de
tape, adhgek¥ecikew® 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 2 mil per
shee£ (type 106) to about 8 mil per sheet (type 7628).
Dielectric constant is determined by a combination of the
resin used and the thickness and type of reinforcement used.
Standard FR-4 has a dielectric constant of about 4.5. This
constant can be reduced-to about 3 by rgplacing the epoxy
resin with a cyanate ester resin. The greater the thickness,
however, the greater the problems associated with thickness
control, rough surfaces, excessive drill reflection and poor
resin refill.

The temperature at which agresin changes from a glass-
like state into a “rubbery” state is generally designated as

Tg. Standard FR-4 is made with a bifunctionally polymerizing

epoxy that has a T, of about 110 °C. Higher T, temperatures,

such as 125-150 °C may be withstood by using a tetrafunctional



or epoxy. The printed circuit board 70 consists of four |ayers,

-layer 72, an internediate layer 74, an internediate |ayer 76, and a bottom
| ayer 78. The printed circuit board 70 may be constructed from a

material such as FR-4 which is available from for exanple, Mot or ol a

Inc., US A FR4 is an epoxy resin reinforced with a woven gl ass cl ot h.

In selecting the material for printed_ l?igcuit board 70, one skilled in

the art will recogni ze that our paraneters shoul d be
consi dered nanel¥g t hi.ckness
P&

el ectric_constant a I 9
t enper at §P&%And ha g Ekeﬁ?iﬁ?sthépnﬁ e%ﬁﬁ@ﬁ(§¥é¥§% OQiﬁékngsg i s
- dependant on the nunmber of layers required and the anount of reinforcement

used i n xy@nadse | ®arer RoXy ei biendi ngagl abse cluggd can rAgdgetienahirkness
from2 ml per

a top

" polyimides provide for printed circuit boards having a Tg
above 250 °C.

The coefficient of thermal expansion for FR-4 is about 16
ppm/°C. A difference in the coefficient of thermal expansion
between the printed circuit board 70 made from FR-4 and the
silicon chip 50 can lead to failure of the integrated circuit
package 30 during, not only the assembly of the integrated
circuit package 30, but also during the use of integrated
circuit package 30.

The 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 Hitﬁchi Chemical Company
of Tokyo, Jépan. HIATTACH-335 (DF-335) is silver filled
thermosetting type resin film for die-attaching. The bonding

.pr6cess generally involves attaching the film on the printed
circuit board 70 at 160° C for S seconds with an applied force

of 1000-3000 grams; then attaching the silicon chip 50 on the



sheet (type 106) to about 8 m | per sheet (type 7628). Dielectric constant
is determ ned by a conbination of the resin used and the thickness and
type of reinforcenent 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 wth a cyanate ester resin. The greater the thickness, however, the
greater the problens associated with thickness control, rough surfaces,
excessive drill reflection and poor resipn refill. The tenperature
at which a resin changes froma gl ass- | i ke state into a "rubbery" state
i s gener il @dsiZAHt € fer 5 TgecendadundeERa4 fiaramdef WiH-200 grams.

bi functional ly pol yneri zi ng epoxy that has a Tg of about 110 [err]C

Hi gher Tg tenperatures, such as 125-150 [err] C nay be withstood by using
a tetrafunctiona

- 12 -
DF-335 has the following properties
Test Remarks Units DF-335
Appearance Visual - silver film
Solid Content 200°C-2h wts 296
Ash Content 600°C-1.5h wtd 40
Ash Content/ 600°C-1.5h wt%/solid 42
Solid :
Thickness Dial gauge p©m 25
Tensile R.T. kgf /mm? 7.1
Strength .
Tensile ' R.T. kgf /mm? . 271
Modulus
Die shear : 4x4mm chip/Ag kgf/chip
strength plated alloy 42
R.T. 210
250°C 0.9
Peel strength 8x8mm chip /bare kgf/chip 23.0
240°C (after/ alloy 42
85°C 85%,48h)
Tg TMA, 180°C-1h °c 123
cured 2
Modulus Viscoelastic Mpa 1300
spectrometer
Moisture 85°C/8S%RH, 48h wt$ 0.1
Other examples of adhesives include thermosetting

adhesives, such as epoxies, polyimides and silicone.



epoxy. For higher Tg values, in the range of 150 to 200 [err]C a cyanate
‘ester:epoxy blend can be used. Additionally, polyimdes provide for
printed circuit boards having a Tg above 250 [err]C The coefficient
of thermal expansion for FR-4 is about 16 ppnmi[err]C. A difference in the
coefficient of thermal expansion between the printed circuit board 70 nade
fromFR-4 and the silicon chip 50 can lead to failure of the integrated
circuit package 30 during, not only thd4assenbly of the integrated

circuit t . ' e e _tntegrat e LLcuit. p age
so. ' PRYFARBRIHerRYl SRR dd Athdd TebErnBk SBLRAA! Al FheCblnP RS
Alternatively, the silicon chip 50 can,be adhered to the printed circuit
board 70 YERCE BFe ASortiPRLIFIFS sBRASAE 1V APRESI V- 3RE- B3K) also be
manuf actured by Hitachi Chem cal Conpany of Tokyo, Japan. Hl ATTACH 335
(DF- 335) usedstbvedhiend ezfilidem nokipt BAgtoyhe gerinftednciocuit board

di e-attaching. The bonding process generally involves attaching the film

on the pripted commieniy Baasd a4 aédﬂéé){@érLagefsorba“sé&_ceﬁd%l\éééﬂbn?é}cs,
applied force of 1000-3000 grams; then attaching the silicon chip 50 on
the silicones or acrylics because of their ease of use and easy

incorporation into production.

Referring collectively to Figures 1 and 2, intermediate
layef 74 has routing strips 82 that are electrically connected
through vias 84 to pads 100 located on top surface 92 of top
of top layer 72 and bottom surface 94 of bottom layer 78. It
should be understood by one skilled in the art that the terms
“top” and ‘“bottom” as wéll 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 76
includes a pair_ of bus bars 110. The bus bars are
electrically connected through vias 84 to one or more of the
pads 100. The bus bars 110 may serve, for example, as power

supplies or grounds, and it is preferred that one bus bar 110



- ‘13 - filmat 220[err] C for 5 seconds under a force of 150-200 grans.

- DF-335 has the followi ng properties Test Remar ks
Units DF- 335 Appear ance Vi sual
silver film Solid Content 200C- 2h wt % [err] 96
Ash Cont ent 600C- 1. 5h wt % 40 Ash Content/
600C- 1. 5h wt % sol i d 42 S%; Thi ckness D al gauge
[err]m 25 Tensil e kgf / nm{ err]
7.1 Strength Tensil e

[ @ 271
Mbdul us Se¥¥e Qmegfunction, 4§qgh1%§|$/g@wer sq@g}ghl%pd the second bus

bar 110 serve another function, such as a ground.

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.

Even though Figure i depicts printed circuit board 70 as

having four layers 72, 74, 76 and 78, it should be understood

by one gkilled in the art that printed circuit board 70 may

consist of a single layer or may be a multi-layered board

having an alternate number of layers.

The above described components and their constructions

and interrelation provide an assembly that is encapsulated as

described below. The term “assembly” refers to the assembled

components prior to encapsulation. The assembly consists of

printed circuit board 70, adhered silicon chip 50 and wire

bonding 80. The printed circuit board 70 has a top opening 86

and a cavity 88 with routing strips 82 and bus bars 110

extending into the top opening 86. The top opening 86 and the

cavity 88 are open with respect to one another.



strength pl ated alloy 42 . RT.

“[err]10 250[err]C 0.9 Peel
strength - 8x8mm chip /bare kgf/chip [err]3.0 240C (after/
alloy 42 85C 85% 48h) Tg TMA, 180C-1 h [err]C
123 cured Modul us Vi scoel astic Mpa
1300 spectroneter f@lsture 85C/ 85%RH, 48h

wt % 0.1 O her exanpl es of adhesives include

thernnsett'ngThea@E§§'ﬁ%%dl%@p@Oair%ggﬁbe%ayp@éﬁﬂﬁ(kﬁié¥“§filddﬁ”ﬁh1
- 14 - ThernDpIastlc adhesivés that are hot-nelted, in the form of

or as a surg sensiiive hesi ve t pe nma SO b sed, . adhere

o1 Toon B BRB0BeRR RARRYRAT D B 1R d S € BSard 70BN &N Ckip
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 capillafy where the temperature may range between

200°-500°C. A soldering ball is created at the end of the

wire using either a flame or a spark technique. This
soldering ball is then brought to bonding pad 120 on the
silicon chip 50 and a combination of compression force and

ultrasonic energy are used to create the desired metallurgical

bond. Using this “stitch” technique significantly reduces the

cross-section of the wire at that point. A loop is created in

the wire bonding 80 above the bond that has just been

achieved, and the wire bonding 80 is routed to the desired

connection on the printed circuit board 70 such as routing

strip 82 or bus bar 110. The wire bonding 80 is clamped and

the capillary raised, such that the wire bonding 80 will break

free at the outer edge of the bond. This process is repeated

sheet s



70. Commonly used are adhesive tapes based on el astoners, silicones or
—acrylics because of their ease of use and easy incorporation into

producti on. Referring collectively to Figures 1 and 2, internedi ate
| ayer 74 has routing strips 82 that are electrically connected through
vias 84 to pads 100 | ocated on top surface 92 of top of top |ayer 72 and
bottom surface 94 of bottomlayer 78. It should be understood by one
skilled in the art that the terns "topl7and "botton? as well as the terns
"side" and "end" are wused for . illustration purposes only, as the

integratadtenrcHll prekagenddngf pa@sPresentchaventé@iigan dreassedhled
and used in a variety of positions and ways. Internedi ate | ayer 76

connect eaoRmeRen R B 5L Eonr Shipe 58 Srise sl donfly hftee. Y
110 may serve,,K for_exanple, as power supplies or grounds, and it is
pref err e§9 PHITGIRA (T ¢latt 1hpard 70. |
Following the assembly of the above-described components,
cavity 88 and top opening 86 are filled with potting material
90 as represented by the dashed line above top opening 86 and
below cavity 88.
The potting material 90 may be a cyanate ester-type resin
available from Shin-Etsu Chemical Co., Ltd., such as KMC 184VA
;nd KMC 188VA-4. Other examples of potting materials 90 that
may be used with the present invention include epoxies,
polyesters, polyimides, cyanoacrylates, 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 materials 90 and fillers will depend on

the components used to make the integraﬁed circuit package 30,

as will be known to those of skill in the art.



- 15 - serve one function, such as a power supply, and the second bus bar
110 serve another function, such as a ground.

The silicon chip 50 has
bondi ng pads 120 | ocated 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 bondi ng 80. Even though Figure 1 depicts printed circuit
board 70 as having four |ayers 72, 74, 186-and 78, it shoul d be understood
by one skilled in the art that printed circuit board 70 may consist of a
single |ayer or may BeopePtlibh-bRYPHScdDISLL iRy IRe@iam al t ernate nunber of
| ayers. The above descri bed conponents and their constructions and
i nterrel at+ ' ' '

a&&eﬁ-p+ev+de—aﬁ—aeseﬁ%+yh++mﬁ—11r1hﬂ:xmmﬂ7ﬂ1ﬂf;ﬁ;“1ﬂ§nnﬂ1ﬂﬂr'
bel ow. The term "assenbly" refers to t FPOXEseRAIMEREST cBhi6RMht J*BYNBE 1o
encapsul aty; flece € ARNEHR! Yo -G04SI st's of printed circuit board 70, adhered

silicon chip 5@eassd Wre bondi ng 80. Ihwe pramted cireuwtt boarsd?70 has a
top opening 8610sAafd a cavity 88 with routing-strips 82.and busi.sars 110

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;

Q- cm 1018 10 1035 101
Arc resistance, D-495; seconds 150 135 120 180
Specific gravity, D-792 ' 1.18 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 1lb/in?, °F 380 260 < 70 < 70
Tensile strength, D-638; 1lb/in? 9000 10,000 1000 2000
Impact strength (Izod), D-256; .

£t - 1b/in 0.5 0.3 No break No break
Coefficient of thermal expansion,

D-969; 105/°F 5.5 7.5 4.0 15
Thermal conductivity, C-177;

Btu * in/ (h£t*°F) 1.7 1.7 1.5 1.5

Linear shrinkage; % 0.3 3.0 0.4 2.0
Elongation, D-638; % 3 3 175 300

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



extending into the top opening 86. The top opening 86 and the
. are open with respect to one anot her.

-16- The wire bonding 80 process nay 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
tenperature of the conbination to a poi bet ween 100[err]-300[err]C. A
gold wire having a diameter typically ranging fromO0.7 ml. to 1.3 ml. is
strung through a heated capillary where the tenperature may range between
200[ err] -&9[ ekiilCedA &ml dbei mrtbakhaits theapednatiplee entl dbhet mresdnte
using either a flame or a spark technique. This soldering ball is

then broughieheibandiry #ef1i28b28 tthe aSkhi§enC b PH0sand it heaibhdahgon
of conpression force and ultrasonic energy are used to create the desired

netallurgbggg 120 in alternate layouts such as positioned along the

cavity 88

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 is placed on the bus bars 110 to

provide for electrical isolation. The advantage of a multi-

layer printed circuit board 70, however, is the elimination of
the need to insulate the bus bars liO.' Additionally, the
multi-layer printed circuit board 70 pfovides a greater
process ﬁargin 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 s.s 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



bond. Using this "stitch" technique significantly reduces the
"cross-section of the wire at that point. Aloop is created in
bondi ng 80 above the bond that has just been achieved,
bonding 80 is routed to the desired connection on the printed
board 70 such as routing strip 82 or bus bar

free at the outer edge of the bond. This process is repeated
-17 - until

the wire

and the wire

circuit

110. The wire bonding 80 is
clanped and the capillary raised, suchmpghat the wire bonding 80 wll

br eak

connect i Bﬁlﬂﬁe?hgl§clbﬁel5g %d&ﬁcg 73%45‘}861%?%%% P‘l%%gf‘ﬁygw 8o %‘Se%e[étcaéeen

connect ed

printed

circuit board 70. Fol I owi ng the assenbly of the above- descri bed

conponent®, figune \2 serawingpsbpiREng 2@ nd OWF | Pryswltl SetH§HY

Wat@ri al

the top opening 86. After assembly, top opening 86 is filled

with potting material 90 as represented by the dashed line

above top opening 86 and around silicon chip 50. Vias 84

electrically connect pads 100 located on top surface 52 of top

layer 72 and bottom surface 94 of bottom layer 78.

Figure 4 shows a strip 140 of ten units 31 of printed

circuit boards 70 before assembly into an integrated circuit

package 30.

circuit board 70 having pads 100.
86'
corner of the unit 31.

strips 82

Depictéd here is a unit 31 of an integrated
Each unit 31 has an opening
pads 100 and a Pin #1 96 located at the bottom right
Surrounding the opening 86 are routing

., which serve to electrically connect the printed

circuit board 70 to a silicon chip 50 (not depicted). To

separate the unit 31 from the other units on strip 140,

open

areas 33 are depicted. Open areas 33 reduce the amount of

substrate material needed to form the strip 140.

The open

areas 33 also facilitate the removal of each unit 31 from the

strip 140.



90 as represented by the dashed |ine above top opening 86 and below cavity
- 88. The potting material 90 may be a cyanate ester-type resin
avai | abl e from Shin-Etsu Chem cal Co., Ltd., such as KMC 184VA and KMC
188VA-4. Ot her exanples of potting nmaterials 90 that may be used with the
present invention include epoxies, polyesters, polyimdes, cyanoacryl ates,
‘ceramc, silicone and wurethane. The potting materials 90 may al so contain
fillers that affect the coefficient of _thermal expansion, as well as the
strength and flexibility of the pottiﬁgzﬁaférial 90. The selection of

potting materiggudd anghbivkl ews Wilde ; oﬁaosieeoﬁ@m@&emism ysed do
make the integrated circuit package 30, as wll be known to those of skil

in the argy depicting a top view (left)Pré)rPc?rat 'beétt%me)fPé&alrf&HH NS¢ I%egi ns

/

agssembled integrated circuit package 30. In order to provide

a flexible location for Pin #1 96 on a printed circui£ board
70, pads 100 are located on the first surface 92 and the
second surface 94 of an printed circuit board 70. The
connections to either the first or the second surface 92, 94
of the printed circuit board 70 may be made using vias 84 that
interconnect the opposing surfaces, or by drilling through the
printed circuit board 70 into the layer having routing strips

82. Solder balls 150 may be placed on either the first or the

second surface 92, 94 of the printed circuit board 70, or on
both surfaces, depending on the design requirements.

As such, one advantage of the Pin #1 96 printed circuit
board 70 of the present invention is that it can be used to
minimize the distance of ciréuit routing on a motherboard.
This advantage is gained because the designer of motherboards

is able to place the connection point on a motherboard for Pin

#1 96 on any corner of the printed circuit board 70, as

described hereinbelow.



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

3.9 4.7 2.7 5.7 10[ err]

Hz ' 3.2 --- 2.7 - 3.4 Dissipation
factor, D 150 60 Hz 0.04 0.017 0. 001 -
0.123 10ferr] Hz 0. 03 --- 0. 001
0.03 Dielectric strength, D 149; V/iml : 450
325 550 400 Vol une resTs@?thy, D 257; [err] cm
10[ err] 10[ err] 10[ err] 10[err] Arc resistance, D 495;
seconds D¥Ping tBe assembly IPfocess of8@ Bpgvidd cciravitybopryg?
1.15 1.2 1.05 1.0 Water absorption, D-570; %24 h
0.15 0.9, the lo@aé-izon of Q’lAn #'I@atgsdqu esbtan ﬂl@d@éﬁr@ﬁ@!r aefln@t@‘&8 at
264 | b/in2, [Jerr]F 70 70
Tensile str t 8; 9 0 0 00
| npact Sf?%hﬁ Y???Saa ab_§5§pec1f1ed Q Fatlpgygggatlve g% %he opeﬁ%%q)
0.3 No break No break Coef ficient of thernal expan5|on
D-969; 10Béref the printed cirgugt board 70, the swire bondinpg BO'ﬁﬂqna|
conductivity, G177, Btu - in/(h[err]ft[err]F) 1.7
1.7 the &pbcific witebbondimeaeguignokdga; thhe particular silidbomd
3.0 0.4 2.0

chip 50. Once the integrated circuit package 30 has been

‘assembled, however, the location of Pin #1 96 can be to any of
eight corners, namely, the four corners of the assembled
integrated circuit packgge 30 with the opening 86 containing
the wire bonding 80 and potting material 90 either facing up
(away from a motherbéard) or down (toward a mother board). As
used herein, the terms “top”, “bottom”, “right” and “ieft" are
used in connection with the deséription of Figures 5 and 6 for
illustrative purposes only. In light of the present
specification, those of skill in the art will be able to
understand that the integrated circuit package 30 of the
present invention can be assembled, designed and used in a
variety of ways and positions, interchangeably. By placing
the solder ball 150 for Pin #1 96 on a pad 100 on a the

printed circuit board 70 surface facing either toward or away



El ongation, D-638 % 3 3
. Al though the board-on-chip |layout of integrated circuit

depicted in Figures 1 and 2 has been descri bed
pads 120, it shoul d be understood by

19 - one skilled in the art that the principles of the present invention
are applicable to a silicon chip 50 wwth bonding pads 120 in alternate

| ayouts such as positioned along the -s23les of the silicon chip 50.

Al so, it should be noted by one skilled in the art that pads 100 and bus
bars 110 fiveyn héhed ep@indchgodeacsi nijee prayedofci yaniing dsbaord At Hioardd A&
Cenerally, a layer of insulated tape or coating nay be is placed on the
bwulst bars e e B6ANEAELHOTLS! GCt hbERALrbRAIA | Aot TMeedkaBF0CL A dhy

175 300
package 30 as
usi ng centralized bonding

direction.

An example of a flexible Pin #1 96 printed circuit board

70 is depicted in Figure 6. The flexible Pin #1 printed

circuit board 70 is designed with solder balls 150 at the end
of a printed circuit board 70. The solder balls 150 may be

electrically connected through a via 84 that traverses the

printed circuit board 70. The flexible Pin #1 96 printed

circuit board 70 permits the user to select the location of
Pin #1 96 relative to the motherboard on which ﬁhe integrated
circuit package 30 is- placed by a series of 180 degree
rotations. The solder ball 150 that connects to Pin #1 96 on
the printed circuit board 70 can.be positioned in any cﬁrner,
and facing in either direction relative té the opening 86 of
the printed circuit board 70.
For example, if thé board-is printed and solder balls 150
. are located on both surfaces (92 and 94) at the “bottom-right”

corner of the printed circuit board 70, the location of the

solder balls 150 provides for positioning of the assembled



| ayer printed circuit board 70, however, is the elimnation of
. insulate the bus bars 110. Additionally, the nulti-Iayer

board 70 provides a greater process margin for wire bonding.
3is asinplified cross-sectional view of an

the need to

printed circuit

Fi gure

i ntegrated circuit package

that is generally designated 32. The integrated circuit package 32
conprises a silicon chip 50 and a pri d_circuit board 70 which is
attached to the silicon chip 50 by an adhesive layer 60. In this

- 20-

86. After assenbly, top opening 86 is filled

enbodi ment,,. the_pripted cirguit pogrd.? nsists _of_ thr lLayets, top
Cayer 72.CHiP | GRer nRaPREERPaGH, (alanariiisilont wer pasltiRpe S Thodt

printed circuit board 70 has a top opening 86. As best seen |
figure 2, peaitingsstpepags il e bapening eRfentephRdninge thH

in
dfeift ng

bonding 86 and the potting material 90 facing either away

from, or toward, a motherboard. Referring to figure &6,

rotation of the assembled integrated circuit package 30, for

example, by 180 degrees around the axis depicted as z, allows

for Pin #1 to be moved to the “top left”, again facing with

the opening 86 “up” or *“down”. Rotation around the axis

depicted as X, moves the Pin #1 96 location to the

“bottom

left” positions. Another 180 degree rotation around the 2z

axis, moves the location of Pin #1 to the last required

position, that is, the top “right position”, again with the

possibility of connection with the opening 86 of the printed

circuit board 70 in either direction.

Using the present invention, a designer of motherboards

or SIMM modules is not restricted to the location of Pin #1

96,

but rather, will be able to design the underlying

motherboard without concern for the distance between Pin #1 96

and the circuit routing on the motherboard, as Pin #1 96 can



with potting material 90 as represented by the dashed Iine above top
- opening 86 and around silicon chip 50. Vias 84 electrically connect pads
100 | ocated on top surface 92 of top layer 72 and bottom surface 94 of
bottom | ayer 78. Figure 4 shows a strip 140 of ten units 31 of
printed circuit boards 70 before assenbly into an integrated circuit
package 30. Depicted here is a unit 31,pf an integrated circuit board 70
havi ng pads 100. Each unit 31 has an opening 86, pads 100 and a Pin #1 96
| ocated at the bottomright corner of the unit 31. Surrounding the opening
86 are rbetiiny asyrigh §ourwdarners véacdngl deewardl loy cawaectinawe phent ed
circuit board 70 to a silicon chip 50 (not depicted). To separate the
unit 31 fnbeleiddagidher units on strip 140, open areas 33 are depicted.

Open areas 33 reduce the amobunt of substrate naterial needed to formthe
strip 140.  The Onef o g3 28roLa8 FREkibhal Godit GG off pEACH: UBE! 31
fromthe strip 140.
is in the design of motherboards with shorter routing strips.
For example, a motherboard can be designed that permits
attachment of silicon chip integrated circuit packages 30 on
both sides of the motherboard, where the distance between the

Pin #1 96 of both integrated circuit packages 30 is only the

thickness of the motherboard.

Likewise, routing distance could be minimized by placing
the integrated circuit packages 30 having a flexible Pin #1 96

printed circu;t board 70, side-by-side. One example of this

gside-by-side arrangement would be to have adjacent integrated
circuit packages 30, one integrated circuit package to having
its Pin #1 96 on the top right corner, and the Pin #1 96
integrated circuit.package 30 immediately to the right of the
first integrated circuit package 30, on the top left. Using

the present invention, design options are maximized and

distances between connections can be minimized, thereby saving

resources and improving processing efficiency.



- 21 - Figure 5 shows two alternative positions for Pin # 1 96 by
depicting a top view (left) and a bottomview (right) of an assenbl ed
integrated circuit package 30. In order to provide a flexible |Iocation for
Pin #1 96 on a printed circuit board 70, pads 100 are |located on the first
surface 92 and the second surface 94 of an printed circuit board 70.

The connections to either the first or,the second surface 92, 94 of the
printed circuit board 70 may be nade'héi g vias 84 that interconnect the

opposi ng surf ggpeagrat el cdriduliitnaldi=Re0B o ity RILdY &b Cirtditdompaded 0
into the | ayer having routing strips 82. Solder balls 150 may be placed on

either the fir or .the second surface 92 94 of the .printed,circuii_board
70, or oHlttb"oP?fthﬁfr flébeesqra(é:e%(gnca}ﬁﬁubﬁ Pﬁ‘éka%?r”’gﬁ"r é)(ful’lnrgerﬁe%%?r béjﬂs As
such, one advantage of the Pin #1 96 printed circuit board 70 of the

present itAPenti §elden healls d&P brepsaget dhe migpdezeised Fostapreest
circuit routing on a notherboard.

conventional integrated circuit packages to, for example, a
motherboard. The use of solder balls 150 reduces the overall
profile of the integrated circuit package 30 and the
integrated circuit module 130.

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

. be used, which condenses vapor té surround the integrated
circﬁit package 30 and the priﬁted circuit board 70 with a
cloud of steam. A liquid, such as a nonchlorinated (non CFC)
fluorocarbon is fifst 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 wvapor, 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 vapor continues



Thi s advantage i s gai ned because the designer of notherboards
- pl ace the connection point on a notherboard for Pin

of the printed circuit board 70, as descri bed herei nbel ow.

- 22 -

| ocation of Pin #1 96 is both fixed and definite,
specified location relative to the opemn

70, the
parti cul
been

corners

package 3@tk h the opateeraBEEonCiralAg

mat eri al

During the assenbly process of a printed circuit board 70,
being |l ocated at a

wi re bonding 80 and

the specific wire bonding sequence for the
gr si.lico

is able to
#1 96 on any corner

t he

$9_ 86 of the printed circuit board

oSl 885, 08PV e RorspranaBiEREiked Sate hhaPeepER PR TS

namely, the four corners of the assenbled Integrated circuit

90 either facing up
temperature of the vapor.

The advantage of using a nonchlorinated fluorocarbon is

that it is extremely thermally stable, colorless, odorless and

nonflammable. In addition,

temperature, low boiling point, and low 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 commercially available

fluorocarbbns used for vapor phase reflow are formulated to

vaporize at precisely stable reflow temperatures for different

solder materials, as will be known to those skilled in the

art.

The vaporization temperature will depend on the solder

type being used. A brief 1list of the non-chlorinated

fluorocarbons that are used as vapor fluids is shown below.

toRckage baAdi pdthesmd poeEti ng

it has a low toxicity, low surface- °



(away from a notherboard) or down (toward a nother board). As wused herein
“the terns "top", "bottonm', "right" and "left" are

used in connection with
the description of Figures 5 and 6 for illustrative purposes only. In
light of the present specification, those of skill in the art will be
able to wunderstand that the integrated circuit package 30 of the

pr esent
I nvention can be assenbl ed, designed and used in a variety of ways and

positions, interchangeably. By placing - t3ge solder ball 150 for Pin #1 96
on a pad 100 on a the printed circuit board 70 surface facing either
toward or away Vaporization Temperatures and Solder2Bypesfromt he

opening 86 of the printed circuit board 70, Pin #1 96 nmamy be connected to
a nDtherbUd1d_£n0t geprcted) T any —di Tectiom.

Fluid Temperature Solder Type

56, 80, 97, 101, 102°C and 100 In

155°C 37 Sn/38 Pb/25 In

165°C 70 Sn/18 Pn/12 In
70 In/30 Pb

174°C 60 In/40 Pb

190°C 90 In/10 Ag

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

215°C and 230°C 60 Sn/40 In

60 Sn/40 Pb

63 Sn/37 Pb

70 Sn/30 Pb
62 Sn/36 Pb/2 Ag
240°C and 253°C 75 Pb/25
81 Pb/19 In

260°C and 265°C 96.5 Sn/3.5 Ag

Alternatively, infrared or radiant heated solder reflow

may be used. In such a system each component of the soldering

system is directly exposed to radiation from a heating

element. Heat from the radiant energy element is absorbed by

the different components according to its molecular structure.



An exanple of a flexible Pin #1 96 printed circuit board 70 is depicted in
. Figure 6. The flexible Pin #1 printed circuit board 70 is designed with
sol der balls 150 at the end of a printed circuit board 70. The sol der
balls 150 may be electrically connected through a via 84 that traverses
the printed circuit board 70. The flexible Pin #1 96 printed circuit
board 70 permts the user to select the 2®cation of Pin #1 96 relative to
t he not herboard on which the integrated circuit package 30 is placed by a

series of 180 ggfihtibAAl AFiartneRt I8ysPahk E3PJRAHIGNNEM SoleFi N
#1 96 on the printed circuit board 70 can be positioned in any corner,

and facing _ ip_ either direction relative to the . openi,ng 86 aof. the printed
circuit b%&Fga98? 8t Ehe EOFPERERSSe b9 QK§%9%§) iQé%ﬁ1H§%ﬂC%H%ago?8ér
bal | s -150 are |located on both surfaces (92 and 94) at the "bottomright”

corner of repehprinfiexiey raveasbesr ¢fflicienrtlycasi watdf MIror svaerabat| s
150 provides for positioning of the assenbl ed

heating methods as described above. The present invention,

however, is not affected by this typical problem because of

the use of solder balls 150 instead of leads. In fact, due to

the reduced overall size either method, vapor phase solder
reflow or radiant heated solder reflow, may be effectively

used with the present invention.

The present invention also solves other problems
associated with solder reflow systems. These problems include

the creation or failure due to voids, coplanarity,

tombstoning, open joints, component cracking, thermal shock

and thermal stressing. The present invention solves these

problems because it dispenses with the need for electrically
connecting soldering leads to the integrated circuit package
30. By 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.



- 24 - chip on a notherboard (not depicted) in two positions. Those
. positions being with the opening 86 containing the wire bonding 86 and the
potting material 90 facing either away from or toward, a notherboard.
Referring to figure 6, rotation of the assenbled integrated circuit
package 30, for exanple, by 180 degrees around the axis depicted as z,
allows for Pin #1 to be noved to the-"ggp-left", again facing with the
opening 86 "up" or "down". Rotation around the axis depicted as x, noves
the Pin #1 96 | ocation to the "bottom left" positions. Another 180 degree
‘rotati on TheowrpRIrme ohix¢eplanasstyhandosarmbst BTN mEA 3 bSPheeused
required position, that is, the top "right position", again with the

possi bi lidy efl imonaeeid Oﬁsi\hgh the epadery B&LDE (1D pbieai&ﬁse csuetfiaiceboar d

70 in either direction. Usi ng the present invention, a designer of
t her bogr t C of Pin #1
06, bur rapnroRiof BRLAOENUES BT TR e B 1 136 deceqlan ot P

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

Using the present invention, the only surface temperature
differeﬁtial that occurs is between the solder ball 150 aﬁd
the printed circuit board 70, which allows either vapor phase
solder reflow or radiant heat solder reflow to be available

for producing the present invention. The small size of the

solder balls 150, and of the integrated circuit package 130 as



not her board wi t hout concern for the distance between Pin #1 96
circuit routing on the notherboard, as Pin #1 96 can

- 25 - be in any of four corners facing toward or away fromthe
nmot her boar d. One advantage for the flexible positioning of Pin #1 96
Is in the design of notherboards with shorter routing strips. For exanple,
a not herboard can be designed that. permts attachnment of silicon chip
integrated circuit packages 30 on bot-h3di des of the notherboard, where the
di stance between the Pin #1 96 of both integrated circuit packages 30 is
only thea whibdlenesd lofwst fomeirhedfodrh: reflow L$ketveme, te doei ngedi wihhce
could be m nimzed by placing the integrated circuit packages 30 having a

Ilh_exi bl e cBen #eSusell itHeed céhpebhthear d 3Psc&+ER PY1ST darvden exanerl e of
'S

and t he

components is almost negligible. Furthermore, by selecting a
potting material 90 having a coefficient of thermal expansion
similar, or equal to, the coefficient of thermal expansion of
the other components of the integrated circuit package 30,
heat reflow effects and problems can be minimized.

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
the silicon chip 50 and the printed circuit board 70 in a
single step. By filling the opening 86 with potting material
920, the wire bonding 80 .between silicon chip 50 and the
printed circui; board 70 aré generally protected from the
environment and are particularly protected from moisture due
to the hermetic nature of the encapsulatioﬁ.

This means of potting the integrated circuit package 30
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



si de- by-si de arrangenment woul d be to have adjacent integrated circuit
packages 30, one integrated circuit package to having its Pin #1 96 o
the top right corner, and the Pin #1 96 integrated circuit package 30
i medi ately to the right of the first integrated circuit package 30,

the top left. Using the present invention, design options are nmaxim z
and

resources and inproving processing efficiency.

ot her intRgFuee

26 -

di stances between connections cangge mnimzed, thereby saving

I ntegrated circuit package 30 al sp be .interconnecte
8 Epfcaidican she bag

150 repl ace the | eads used to connect - conventional integrated circuit
packages &b, fthe aemplaperdngotifer bbhede The use cieed| dor bakpdetsly

reduces the overal

encapsulate the entire assembly.

The problems of coplanarity are eliminated by using
solder balls 150 or columns 160 to atfach the integrated
circuit paqkage 30 to another printed circuit board, such as
a mother board, because there are no leads that may bend and
there are no deviations from the plane of the motherboard to
which the module is being connected.

Additionally, reduced environmental impact is obtained
using the method and apparatus of the present invention due to
the overall decrease in the size of the integrated circuiﬁ
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. Varioué 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

n

on
ed

with
(ARSI BEINBER §1TEERE Fder’ %al | s

profile of the integrated circuit package 30 and the



integrated circuit nodul e 130. The sol der balls 150 used with the
- present invention may be attached to the pads 100 using conventi onal ,
sol der reflow systens. For exanple, a vapor phase sol der reflow system nay
be used, which condenses vapor to surround the integrated circuit package
30 and the printed circuit board 70 with a cloud of steam A |iquid, such
as a nonchlorinated (nonCFC) fluorocarbgy is first heated with enough
energy to forma vapor and to sustain a vapor cloud. When the integrated
circuit package 30 is then passed through the vapor, the vaporized liquid
condenses; {I £ Ak ShIES de iR lFpided @Al i¥s \G@RUrZAld Uhy Hich
energy is then transferred to the integrated circuit package 30. As |ong

as the integrated .circuit C e 30 remains in the vapor, the vapor
continueé“ogl?lcatlons or e J&%%eﬂ%s. D07 -



to give off energy at a repeatable fixed rate and tenperature, until the
. integrated circuit package 30 reaches the tenperature of the vapor

The advantage of using a nonchlorinated fluorocarbon is that it is
extrenely thermally stable, colorless, odorless and nonflamrable. In
addition, it has a lowtoxicity, |low surface tenperature, |ow boiling
point, and | ow heat of vaporization. Because the fluid formof the
non-chl ori nated fl uorocarbon is inert,ﬁgt does not react with fluxes or
conponent materials, nor does it absor ‘%Xygen or other gases that cause
reacti onwnadurigk1digea spsder refl ow Most commercially avail able
fl uorocarbons used for vapor phase reflow are fornulated to vaporize at

precisely stabl e refhopntd &4 UE LS PE ?Jaéicsésn&pe%absﬂ?r pBBYL i bak®leas
will be known to those skiTled in the art. The vapori zation

tenperature will dﬁgend on _the golder tvpe _heing used. A brief list
of the ndh-THForrRated™e PFUSPEREAHGh S TR 4 Used as vapor fluids is
shown bel ow.

a substrate having an opening and first and second

surfaces;

-at least one bus bar being integral with said substrate
and extending into said opening;

a power terminal having first and second ends, said first
end disposed on said first surface, said second end disposed
on said second surface, said first and second ends being
electrigally connected with said at least one bus bar;

a plurality of routing strips being integral with said
substrate and extending into said opening;

a plurality of pads disposed on said first and second
surfaces, at least one of said pads disposed on said first
surface being electrically connected with at least one of said
routing strips and at least one of said pads disposed on said

second surface being electrically connected with at least one

of said routing strips;

R O .



- 28 - Vapori zation Tenperatures and Sol der Types Fluid

Tenper at ure Sol der Type 56, 80, 97, 101, 102[err]C and
100 In 155[err]C 37 Sn/ 38 Pb/25 In 165[err]C

70 Sn/ 18 Pn/12 In 70 In/30 Po 174[err]C
60 In/40 Pb 190[err]C 90 In/10 Ag

50 In/50 Pb 63 Sn/ 37 Pb

70 Sn/ 30 Pb - 35 - 60 Sn/40 Pb 215[err]C and
ggo[sﬁ; EL%)CPb a chip adhereecsl0 t%/ggiélnsubstrat&, Scﬁ"i‘i'%c} stsxip having at

70 Sn/ 30 Pb 62 Sn/ 36 Pb/2 Ag 240C and
253[ err] Cleast one bondimsgppads | n . 81
Pb/19 In 260[err] C and 265[err]C 96.5 Sn/ 3.5 Ag

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

potting material £illing said opening.

2. The integrated circuit package as recited in claim
1 wherein said power terminal further includes a via extending

between said first and second ends.

3. The integrated circuit package as recited in ¢laim
1 further including wire bonding electrically connecting said

at least one bus bar to at least one of said bonding pads.

4, The integrated circuit package as recited in claim
1 further including at least one solder ball located on said

first end of said power terminal.

RN RO



Alternatively, infrared or radi ant heated solder reflow nay be used. In
such a system each conponent of the soldering systemis directly exposed
to radiation froma heating elenent. Heat fromthe radi ant energy el enent
IS absorbed by the different conmponents according to its nol ecul ar '

structure. - 29 - Convent i onal
radi ant heat systens expose only the out surfaces of the conponents to
t he radi ant heat, ch .,may not each interior areas as eff|C|entIy as
e ot b ST o SO Y S B0 °88 R LR 5T kg

I nvention, however, is not affected by this typical problem because of
the use ol furtberbaniciusmg ratt ceehoit dpadsoldarfhel]l dosated dre gaidliced
overal |l size either nethod, vapor phase solder reflow or radiant heated
sol der regkedndrend e eidfd ipdter terminal.

6. The integrated circuit package as recited in claim
1 further including at least one solder ball located on said
first end of said power terminal and at least one solder ball

located on said second end of said power terminal.

7. The integrated circuit package as recited in claim
1 further including at least one via extending between at
least one of said pads disposed on said first surface and at

least one of said pads disposed on said second surface.

8. The integrated circuit package as recited in claim
1 wherein said substrate further includes a cavity and wherein

said chip is adhered to said substrate in said cavity.

AR



used with the present invention. The present invention al so sol ves

- other problens associated with solder reflow systens. These probl ens
include the creation or failure due to voids, coplanarity,

t onbst oni ng, open joints, conponent cracking, thermal shock and therna

stressing. The present invention solves these problens because it

di spenses with the need for electricall g7 connecting soldering |eads to the

integrated circuit package 30. By using solder balls 150 instead of |eads,

t he probl ens jassogj at wi th voi ds ar.qund d ar yunder. le used
by i nconpl et efefl g‘\r/lv 6?'@585Pt\?g1 &ilrnfg? 63‘ ﬁaﬁ%eoﬁflef\%&sé{#f (gsélé%d%gg’?gg
I mproper flux or badly oxidized surfaces is elimnated.

- 30 - igh@oppobbaRs one BpiEHRY 9N aNHthoFBSPEStn arde RAWRY rEAWESE: or
elimnated using the solder balls 150 because surface

the integrated circuit package comprising:
a substrate having an opening and first and second

surfaces;

~at least one bus bar being integral with said substrate
and extending into said opening;

a power terminal having first and second ends, said first
end disposed on said first surface, said secénd end disposed
on said second surface, said first and second ends beihg
electrically connected with said at least ‘one bus bar;

a via'extending between said first and second ends;

a plurality of routing strips being integral with said
substrate and extending into said opening;

a plurality of pads disposed on said first and second
surfaces, at least one of said pads disposed on said first
surface being electrically connected with at least one of said
routing strips and at least one of said péds disposed on said

second surface being electrically connected with at least one

of said routing strips;

* [ L M s *



tension on both sides of the solder balls 150 is equal. Open joints
‘are usually caused by problens with coplanarity, while cracking may occur
when trapped noisture wthin an integrated circuit package expands as the
device is heated for reflow. The increase in internal pressure, causes
the integrated circuit package to split 3gpen, usually at one of the
corners. The splitting of the package causes wire bonding fromthe |ead
frame to the silicon chip to break and in sone cases the silicon chips
have cracked daechdpt kedhewedage salid tdbstrite pf satide cHiBEkAgRings att he
tenperature differentials between the top and the bottom of the device

cause difj@éggtoﬁétggng&ngxggagion. Usi ng the present invention, the

only surface tenperature ifferential that occurs is between the sol der

ball 150 and the pri.nted circuit board 70, which allows either vapor
phase  sol der EFEFFoWAGS g&ﬁ@%ﬂgIﬁ%ﬁcEﬁﬂQE;l¥e¢?%ﬂF?Blﬁ€ gbailleasite ong or

producing the present invention. The small size of the sol der balls 150,
and-of thefiaeédr bradivior paids faxrletycldpdt asne of said routing strips;

second wire bonding electrically connecting at least one
of said bonding pads to said at least one of bus bar; and

potting material filling said opening.

10. The integrated circuit package as recited in claim

9 further including at least one solder ball located on said

first end of said power terminal.

11. The integrated circuit package as recited in claim

9 further including at least one solder ball located on said

second end of said power terminal.

12. The integrated circuit package as recited in claim
9 further including at least one solder ball located on said
first end of said power terminal and at least one solder ball

located on said second end of said power terminal.

[
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- 31 - a whole, allows for any of the reflow systens to be used with the
. because the tenperature differential between the conponents is al nbst
negligible. Furthernore, by selecting a potting material 90 having a
coefficient of thermal expansion simlar, or equal to, the coefficient of
t hermal expansion of the other conponents of the integrated. circuit
package 30, heat reflow effects and problens can be m nim zed.
Furthernore, the method of the present PRvantion takes advant age of the
opening 86 at the cegten of theeﬁ£in1ed .circujt board 70.for pottﬁgg.the
W re bonding 83t hat PEoRAEEEr SR TTTEn RAFEAE8 aRdTERETAT nebF A 1By
board 70 in a single step. By filling the opening 86 with potting nateri al
90, the wPrduntidimgiBgolbdingeratsi Leash chig Sdaamktending | heswesir catt
board 70 are generally protected fromthe environnent and are particularly

prot ect ed1&588 BReSOf &P pads disposed on said first surface and at

least one of said pads disposed on said second surface.

14. The integrated circuit package as recited in claim
9 wherein said substrate further includes a cavity and wherein

said chip is adhered to said substrate in said cavity.

N ———
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to the hernetic nature of the encapsul ation. Thi s nmeans of potting
the integrated circuit package 30 of the present invention greatly

reduces the overall profile by allowi ng the non-operative or backsi de of
the silicon chip 50 to be exposed. By hernetically protecting the

connecti ons - 32 - between the
silicon chip 50 and the printed circuit4Poard 70 at the top openi ng 86,

there is no need to conpletely encapsulate the entire assenbly. The
probl ems of codl anadkn tinteagratedi adrevibypaskage spedablyapositiongble
colums 160 to attach the integrated circuit package 30 to another printed

circuit hgarbre WHamson&® oPiértabehdprbagawsebi/her racesko dorpds ditaf may
bend and there are no deviations fromthe plane of the notherboard to

which th d | S bei ng connect ed.
GCAPY L Epd Soft

obtaining a substrate having an opening and first and

second surfaces;

extending at least one bué bar within said substrate into
said openiﬁg;

disposing a power terminal having first and second ends
in said substrate, said first end disposed on said first
surface, said second end disposed on said second surface, said
first and second ends being electrically connected with said

at least one bus bar;

extending a plurality of rbuting strips within said

substrate into said opening;

disposing a plurality of pads on said first and second

surfaces;

electrically connecting at least one of said pads with at

least one of said routing strips;

-
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Addi tional ly, 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 circuit package 30. While this invention has
been described in reference to illustrative enbodi nents, this description
I's not intended to be construed in a limting sense. Various

modi fications and conbinations of the g{lustrative enbodi nents, as well
as ot her enbodi ments of the invention, will be apparent to persons

killed in th f to the d i pti Lt ,
> I33 iy Itnhergg‘%rF&rH'rpﬁ) rgdec{%gffee‘ftﬁg‘%pgae%gzlger%g :ﬁ‘gn%nc% Sa%%”&nyp‘-'s‘ﬂ?h

nodi fi cati ons or enbodi nents.
disposed on said first surface with at least one of said pads

disposed on said second surface with at least one via;
adhering a chip to said substrate, said chip having at
least one bonding pad;
electrically connecting said at least one bonding pad to
at least one of said routing striés with wire bonding; and
filling said opening with a potting material.
16. The process as fecited in claim 16 further including

extending a via between said first and second ends of said

power terminal.

17. The process as recited in claim 15 further

comprising the step of attaching at least one solder ball to

said first end.

18. The process as recited in claim 15 further

comprising the step of attaching at least one solder ball to

said second end.

* [+ L M S *



- 34 - Wiat is clained is: 1. An integrated circuit package operably
positionable in nore than one orientation conprising: a substrate
havi ng an opening and first and second surfaces; at | east one bus
bar being integral with said substrate and extending into said opening;

a power termnal having first and second_e@gsL said first end disposed on
said first surface, said second end di spose on said second surface, said
first and second ends being electrically connected with said at | east one
bus bar; 193 plTheal ipyoetss ouasng rediitpad being bnbeer aly g tfhls%ilgr
substrate and extending into said opening; a plurality of pads

di sposed onmpaiisihig stheanst e @nthe e S&hia5€ ganheone 2. Sl ads
di sposed on said first g ¢4t 3easti¥ne S°1Jeré%éaf to

said first end and attaching at least one solder ball to said

second end.

_—
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surface being electrically-connected with at | east one of said routing

. strips and at | east one of said pads disposed on said second surface
being electrically connected with at |east one of said routing strips;
35 - a chip adhered to said substrate, said chip having at |east one
bondi ng pad,; wire bonding electrically connecting said at |east one
bonding pad to at | east one of said routing strips; and potting

mat eri al f||||ng sald openi ng. 43The integrated circuit package

xtending  bot widEk Ia#“ﬁﬁtﬂaﬁ%’fﬂsﬁgﬁﬁ‘f&#ﬁ%@'cfﬁ“‘?rpwﬁmes e

ABST T OF THE DISC URE
An integrated circuit package (30) including a substrate
(70) having an.opening (86) and first and second surfaces(92,
94), a plurality of pads (100) disposed on the first and
second surfaces (92, 94) having disposed thereon solder balls
(150) electrically connected by a via (84) that provides the

end-user with flexibility in the location of Pin #1 (96) is

disclosed.

Figure 5



3. The integrated circuit package as recited in claim 1 further

including wire bonding electrically connecting said at | east one bus bar
to at | east one of said bondi ng pads. 4, The integrated circuit
package as recited in claim 1 further including at |east one sol der baII
| ocated on said first end of said power term nal.

- 36 - 5. The integrated circuit package as reCIF"e(qj“g g,leLﬁHVKB E§EEN \
further including at | east one solder ball |ocated on}said rzyszfmmab end q)
said power term nal. 6. The integrated circuld=pac ectted

in claim 1 further including at | east one solder ball |ocat ed on sai d
first end of said power termnal and at l/dast one sol der ball
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| ocat ed on said second end of said power term nal. 7. The
integrated circuit package as recited in claim 1 further including at

| east one via extending between at |east one of said pads di sposed on said
first surface and at [|east one of said pads disposed on said second
surface. 8. The integrated circuit packagelds—ﬁecrt
1 wherein said substrate further includes a cavity a T el HYH;%ﬁ
is adhered to said substrate in said cavity. REFLAC

- 37 - 9. An integrated circuit package operably*p05|t|onable in nore
than one orientation with respect to a _power source, the integrated
circuit package conpri sing:

2/4

|10 90
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Sheet Has Been Replaced
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a substrate having an opening and first and second surfaces; at

Teast one bus bar being integral with said substrate and extending into
sai d openi ng; a power termnal having first and second ends, said
first end disposed on said first surface, said second end dlsposed on

sai d second surface, said first and second ends being T LCe :
connected with said at | east one bus bar; a V|aJu%P§%%ng' eg&%@# l
said first and second ends; a pIuraIity of routilhg QTWTD¢A élnq !
integral with said substrate and extending into said opening; a

plurality of pads disposed on said first and second surfaces, at |east
one of said pads disposed on said first surface being electrically

connected with at | east one of said routing strips and at | east one of
sai d pads di sposed on said secon surfagg being electrically connected

with at. | east ope——af said routin?;\trlps
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- 38 - a chip adhered to said substrate, said chip having at | east
one bondi ng pad; first wire bonding electrically connecting at | east
one of said bonding pads to at | east one of said routi '

second wire bonding electrically connecting at |east on
pads to said at |east one of bus bar; and potting *ﬁlﬁ%& !
sai d openi ng. 610 The |ntegrated circuit packag

claim 9 fur

er i{om g at | east one solder ball |ocated on said f"F§F
¥t 14,4Th& T ntegrated circuit package as

i ncluding at | east one solder ball |ocated on

er termnal. & 2. tgz Integrated circuit

This Sheet Has Been Rep laced
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9.-further including at |east one solder ball |ocat ed on said first end of

sdi d~power termnal and at I 0 Id1 a ed on said second
end of said power termnal. § B 26

13. The integrated circuit package as recited in clai 9 further in Ian
at |east one via extending between at |east one of said pads disposed on
said first surface and at |east one of i?l d pads di SPRTEE—S al d second
surface. 14. The integrated circ ¢ package asjiingi TC¢17
wherein said substrate further includes a cavity and
adhered to said substrate in said cavity.
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-~40°° < 15. An integrated circuit package operably positionable in
nof e. tshan one orientation produced by a process conprisi ng-.the steps of:
obtai ning a substrate having an opening and first and s e
extending at | east one bus bar within said substrate int (St ggmgaﬁfﬁﬁﬁhi’
di sposing a power term nal having first and second ends [inQ said substratle
said first end disposed on said first sy rf,ace, said secqnd ead?SEEpBde o&
sai d second surface, said first and secoﬁé ends bei ng elemLLngLL¥_T__Tﬂ
connected with said at |east one bus bar; extendi pg a plural ity
routing strips within said substrate into sai d openi ng; dispgosing a
plurality of pads on said first and second surfaces; electrically
connecting at | east one of said pads with at




Ieasf"one of said routing strips;
electrically connecting at |east one of said p_gsﬂwdk

41 -4 .
said first surface with at |east one of said pads disp §BU’§@_SaP“ S
adhering a chip to |S§d-substrate,

surface with at | east one via;
said chip having at |east one bondi ng pad, el ectrj clal 9§$ﬁn 997 g
at | easyspne of saldrun% I psS wi¥h

said at | east one bonding pad to
filling said opening with a pottin
ext endi ng a V]

wi re bondi ng; and
16. The process as recited in claim16 further including

between said first and second ends of said power termn
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17, The process as recited in claim 15 further conprising the step of
attaching at | east one solder ball to said first end. 18. The
process as recited in claim15 further conprising the 5";‘;}515-"T@ﬁxg@t;t.,_;chﬁgm‘
at | east one solder ball to sai d second end. Ry LI DI

- 42 - 19. The process as recited in claim 15 furthgri conpri si ngzt he
step of attaching at |east one solder ballgfgo said first %ndZQnSEBt'P h
at | east one solder ball to said second end.




