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TAPE BALL GRID ARRAY WITH
INTERCONNECTED GROUND PLANE

Background

5 .The'disclosures herein relate generally to a tape
ball grid array (TBGA) and mére particularly to a TBGA
computer chip package in which interconnection to a
ground plane on the tape is made with solder balls.

Tape ball grid array (TBGA) packages offer many of

10 the same advantages as plastic BGAS, namely, excellent
durability, improved board space utilization, and ease
of surface mount assembly along with the associated
yield improvements. TBGA packages go a step further,
‘however, and offer the added benefits of improved

15 signal integrity, better heat dissipation, and
extendibility to higher pinncounts. To achieve the
maxiﬁum noiselreduction in high speed devices it is
necessary'for TBGA packages to incorporate an
additional metal layer which acts as a ground plane.

20 This extra metal layer is achieved by either using
conventional two metal flex circuitry or to
electrically connect the stiffener itself.

Two metal flex circuitry in the industry is made by
eiﬁher plating or laminating a thin layer of metal

» (usually copper) on both sides of a thin polymer film
‘and then interconnecting the two sides with a
metallized.via. The vias are typically made with
either punching, laser milling or chemical etching.

These vias are then metallized by first depositing
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(sputtering or elegt#QleS§ plating). a seed layer of
metal into.the o | :

vias followed by plating up of theée vias. 1In all
cases the e%tra.steps of depositingithis seed layer and
then.platinétup theee-vias is_timeaconsuming and
costly. | | |

There hafe been various attempt%ﬁat making
electrical interconnection to a Qronnd plane on the
tape. One such attempt 1ncludes U S Patent 5,583,378
which dlscloses a ball grld array package and method
for manufacture of the same. The ball grid array
package 1ncludes a thermal conductor which is a
linearly co-extensive outer layer }n an interconnection
substrate and forms the outer surface of the ball grid
array package, An integ:ated Circnit chip is
positioned.on the underside of theipackage in a well
region. The well region_is either formed directly in
the interconnection substfate or ie?formed by the
application:of a dam. The well reglon is then filled
with an 1nsulat1ng encapsulant materlal to a
predetermlned level. 1In this dev1ce, plated through
holes interconnect 1ayets in a bali_grid array.

U.s. Patent 5,519, 936 and U.s. Patent 5,561,323 each
disclose an electronlc package whlch 1nc1udes a r1g1d
support member, e.g., copper sheeté_to which is bonded
both the package's semiconductor chip and circuitized
substrate nemhers. The chip is bonded using a
thermally conductlve adhe31ve whlle the circuitized

substrate, preferably a flexible c1rcu1t, is bonded
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using an electrlcally insulative adhesive. The chip is

ﬁ_?coupled to de51gnated parts of the

circuitry of the substrate, preferably by wire,
thermocompression or thermosonic bonding. An
encapsulant'may be used to cover and protect the
connections between the chip and substrate. This
package may in turn be electrically coupled to a
separate second substrate such as a PCB.

U.S. Patent 5,435,732 discloses a flexible circuit

member including a circuitized substrate of a

. dielectric material having a plurality of apertures

therein. Located within and/or bridging selected ones
of the apertures are electrical conductors, the
conductors having a solder member secured thereto. A
frame is also used, the circuitized substrate being
secured thereto. Each of these devices disclose
metallized through holes used to interconnect layers on
a TBGA.

" U.S. Patent 5,585,162 discloses a flexible circuit
construction which allows solder balls to be mass
reflow attached to the ground plane of a double-sided
flexible circuit by providing a first via which is
separate from the remainder of the ground plane, but
which is electrically connected to the ground plane
through a second via at a distance from the firsﬁ via
by a circuit trace on the side of the flexible circuit
opposite the ground plane. In this device, metallized
through holes or metallized blind vias interconnect

layers on the TBGA.
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U.S. Patent 5,397,921 and U.S. Patent 5,409,865
disclose a device and a method in_which an integrated
circuit package, ineluding a TAB t?pé; a stiffener
structure;.aﬁd soldgf bél;s; proviaé=external
connection to a semiconductér‘dieéédﬁnected through
electricaliy-conductive t;aées offﬁﬁé TAB tape. The
TAB tape has upper and 10Qer dieléétric layers each
having an aperture for accommodatiég the semiconductor
die. In addition, the lowerxr dielegﬁric layer is
provided with an array of oPenings;Which is coincident
with an array of electrically ¢ondﬁc£ive pads in the

TAB tape, so as to éllow thé sOldef balls to attach to

the conductive pads. The semicondugtor'die can be

connected to the TAB tape either b? inner lead bonding,

or by wire bonding. In thesé deviéeé) solder balls

- make contact with a stiffener on afTBGA.

U.S. Patent 5,376,588 disclosesia:surface mount

package in which a flexible circuig is laminated on a

" conductive body. The flexible Ci:guit includes a

" wiring pattern which is connected to signal bonding

pads of.an integrated circuit die-housed within the
package. The flexible'cifcuit may; for example, be a
TAB frame or a printed circuit boafd; Ground bonding
pads’ of the'integrated'circuit diefare coupled to the
conductive body via a groﬁnd bar or.a:wire-bondable
finish on the conductive body. 'In this device, a
conductive adhesive makes contact with a stiffener on a

TBGA. -

™
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Therefore, as the speed requirements for computer

chips rises _bove 200 MHz, what is '‘heeded is a TBGA

package Which.contains an electrically coupled ground
plane to minimize the electrical noise in the system,

and which does not require the use of metallized vias.

Summary -

One embodiment, accordingly, provides an apparatus
and a method for producing a two-metal flex circuit
which eliminates the use of metallized vias to
interconnect one side of the circuit to the other side
thereof. To this end, an electronic package comprises
a flexible dielectric layer having a first conductive
layer on a first side and a second conductive layer on
a second side. A non-conductive passage extends
through the dielectric layer from the first side to the
second side. The first conductive layer is adjacent an
open end of the passage at the first side, and the
second conductive layer forms a closed end of the
passage at the second side. A solder ball is connected
to provide a conductive path between the first
conductive layer and the éecbﬁd conductive layer.

A principal advantage of this embodiment is that it
provides a very low cost two metal flex circuit. The
low cost factor is primarily due to the elimination of
metallized vias which interconnect one conductive side
of the flex circuit to the other side. Solder balls
are used to complete the connection making the

necessary contact with the ground plane.

. PCT/US99/01461
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Brief Description of the Drawing Figures -

— Fig. 1 is a diagrammatic view iiiustrating an

embodiment of an electronic packagé;

Fig. la ié‘a diagrammatic VieW'fiiustrating an
embodiment of a semiconductor deviéé seated in a
stiffener member. f'

Fig. 1b is a diagrammatic view;iilustrating an
embodiment of a soldér ball seatediin_a.passage of a
flexible'circuit. | i"'

Fig. 2 is a diagrgmmatic view i¥1ﬁstrating another
embodiment of an electronic packag§; 

Fig. 3 is a diagrammatic view_ii}ustrating an
embodiment of a solder ball seated;%n a passage of a
flexible circuit. | 5

Fig. 4 is a diagrammatic view ii;pstrating-an
embodiment of a soider ball seated?é&jacent a passage
of a flexible circ@it, and a lead ééﬁending through the
passage. |

Fig. 5 is a diagrammatic view i;lustrating an

embodiment of adjacent traces and gﬁ associated EMI

field.

Detailed Description

In-accordance with Fig. 1, a fi;ét:stiffener member
12 is bonded to a second stiffener ﬁgmber 14 bv a
commercially available adhesive 16g7;Stiffener members
12 and 14 are commonly formed of copper material and
function to dissipate heat and add'éﬁpport to an

electronic paékage 10 including a flgxible circuit,

-6
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generally designated 18. The support provided by
stiffenerfﬁgﬁbers 12 and 14 enhané%é_planarity for

solder ball attachment to a printed circuit board 19,

discussed below.

The flexible qircuit 18, Figs. 1 and 3, includes a
fléxible diélectric layer 20 having a first conductive
layer 22 on a first side 24, and a second conductive
layer 26 on a second side 28, opposite the first side
24. A passage or via 30 extends through the flexible
dielectric layer 20 from first side 24 to second side
28. Passage 30 is nonconductive due to the absence of
metallized sidewalls used in known applications. As
such, the passage 30 is not capable of conducting a
signal between first side 24 and second side 28.

Passage 30 includes tapered sidewalls 31 formed in:
the flexible dielectric layer 20 by a suitable etching
process, preferably a well-known wet etching process.
Passage 30 could also'bé formed by a laser ablation
process, a dry etching process such as plasma etching,
or by laser drilling. The first conductive layer 22 is
patterned by a suitable well known process and
typically forms signal and power traces 22a, 22b.

First layer 22 is adjacent an open end 32 of passage 30
at first sidg 24. The second conductive layer 26,

however, functions as a ground or power_reference plane
having a constant voltage,'and covers second side 28 so

as to form a closed end 34 of passage 30.

The first stiffener member 12, Fig. 1, is attached
to the flexible circuit 18 by the adhesive 16,
mentioned above. An opening in the form of a

throughbore 36, is formed through first stiffener

-7-
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member 12. A semiconductor device-38'is mounted on
second stlffener member 14 by a sultable means such as
a suitable conventlonal adhe51ve Semlconductor device
38 protrudes into throughbore 36 and is wirebonded at

5 40 dlrectly to second conductlve layer 26 and is
similarly w1rebonded at 42 to flrst conductlve layer
22. A cover coat 44 may be prov1ded on first
conductive layer 22 to prevent a_tendency for solder to
wick over from one trace 22a to adiacent-trace 22b.

1 Also, an=encapsulant 46 may be prowided to encapsulate
semiconductor device 38 and the wirebond connections 40
and 42.

‘As an alternative, Fig.'la, instead of a two-piece
stiffener ae described aboVe, a single stiffener 12a

_15 could be prov1ded w1th a cav1ty 36a formed therein near
the center thereof, and a semlconductor device. 38a
could be plaoed in the cavity and oonnected to a

- circuit 18a. : d
A first solder ball 48, Figs. 1dand 3, may seat in

20 passage 30. As snch,'solder ball ég seats in passage
30 in such a way as to engage bothithe-first conductive
layer 22 at open end 32, and the seoond conductive .
layer 26 at closed end 34. In thieymanner, solder ball
48 prov1des a conductlve path between the first

25 conductive layer 22 and the secondtoonductlve layer 26.
A second solder ball 50, is reflow:attached directly to
a pad region of the first'conductiQe layer 22 and does
not make eiectrioal'contact with tne second conductive

layer 26.
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, AlternatiVely, a solder ball 48b, Fig. lb, is seated
in passaééfggb and is reflow attadhéd directly to a
second conductive layer 26b without making any contact
with the first conductive layer 22b. As such, an
5 electrical contact is provided between a printed
circuit board 19b and second conductive layer 26b.

In Fig. 2, an alternative embodiment is illustrated.
A first stiffener member 112 is bonded to a second
stiffener member 114 by a commercially available

10 adhesive 116. Stiffener members 112 and 114 afe formed
of copper material to dissipate heat and provide
support to an electronic package 110 including a
Elexible circuit 118. The support provided by
stiffener members 112 and 114 enhances planarity for

15. solder ball attachment to a printed circuit board 119,
.discussed below.

The-flexiblé-circuit 118, Figs. 2 and 4 includes a
flexible dielectric layer 120 having a first conductive
layer 122 on a first side 124, and a second conductive

20 layer 126 on a second side 128, opposite the first side
124. A passage of via 130 extends through the flexible
dielectric layer 120 from side 124 to side 128.

Passage 130 is non-conductive due to the absence of
metallized sidewalls. As such, the passage 130 is not

3 capable of conducting a signal between first side 124
-and second side 128.

Passage 130 includes tapered walls 131 formed in the
flexible dielectric layer 120 by the etching process

‘described above. The first conductive layer 122 is

Q-
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patterned as described above, and typically forms

- signal and pQﬁer-tra¢es. ‘First laYer 122 is adjacent

an open end 132 of'passage 130 at §;rst side 124. The
- second conductive ldyer 126; howevéfﬁfunctions as a
5 ground or péﬁér reference plane ha;iﬁg a constant
-voltage, andﬂcbvers'sécond side 125?50 as to form a
closed end 134 of passage 130. .
The flrst stiffener member 112, Flg 2, is attached
to the flex;ble circuit 118 by the;gdhe31ve 116,

10 mentioned above. An opening in tﬁéﬂform of a
throughbore=136 is formed through" flrst stiffener
member 112.° A semlconductor dev1ce 138 is mounted on
second stiffener member 114 as desg;;bed above.
Semiconductdrfdevice 138 prctrudesjinto throughbore 136

15 and is w1rebonded at 140 dlrectly to second conductive
layer 126 and is s1m11arly w1rebonded at 142 to first
conductive layer 122. A-cover-ccat 144 may be provided
on first conductive layer 122 to lfmit a tendency for
one trace to wick over to an adjacéét trace. Also, an

20 encapsulant 46 may be prévided-to.éiéapsulate
semiconductor device 138 and the wf?ébond connections
140 and 142. '_

A first solder ball 148, Figs.-Ziand 4, may seat
adjacent paéSage 130; As such; sol&ér ball 148 seats

% on first.conductive léyer 122 adja¢§ﬁt open end 132. A
conductive lead 122a.extends from-th§ first conductive
layer 122, through the passage 130, ‘and terminates at
an end 122b in electr1ca1 contact w1th second

conductive layer 126. The lead 122§-may be attached to

-10-
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the second conductive layer by means-suéh as ultrasonic
welding, éﬁg%mal—compression bondiﬁéfor other known
methods. A second solder ball 150, is reflow attached
directly to a pad region of the first layer 122 and
does not make electrical contact with the second

conductive layer 126.
In operation, the embodiments described herein

provide'a TBGA package having a multi-metal layer
construction. One metal layer serves as a reference
layer and an adjacent layer serves as a signal layer.
These adjacent layers act to reduce noise in high-speed
packaging applications.

A flexible dielectric layer includes a first
conductive layer on a first side and a second
conductive layer on a second side. The first

conductive layer includes a signal trace electrically

insulated from the second conductive léyer. A

stiffening member may be attached to the second

éonductive layer. A passage extends through the
dielectric layer from the first side of the dielectric
layer whereby the second conductive layer is exposed
within the passage. One aspect of these embodiments is
that only the first conductive layer is patterned to
include signal traces. Limiting such patterning to

only one conductive layer contributes to maximizing the

overlying areas of both conductive layers.

As a result,.one embodiment provides an electronic
package including a flexible dielectric layer having a
first conductive'layer on a first side and a second
conductive layer on a second side. A non-conductive
passage extends through the dielectric layer from the

first side to the second side. The first conductive

-11-
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layer is adjacent an open end of the'paSSage'at the
first side and:the second conductive layer forms a

ond side. A solder

closed end of the passage at the

ball is connected to provide a conductlve path between

the first conductlve layer and thﬁhsecond conductive
layer.
Another e@bcdiment provides a flexible circuit

including a flexible_dielectric layer having a first

conductive layer on a first side and a second

conductive layer on a second'sidef'fA non-conductive

- passage extends through the d1e1ectr1c layer from the

first side to the second side. The flrst conductive

layer is adjacent an open end of’ the passage at the

first side, and the second conducﬁiye layer forms a

closed end of the passage at the. second side. A

stiffener member is attached to the second conductive

layer. A solder ball is connected to the first

conductive 1ayer and to the second-conductlve layer.

Another embodlment prov1des a low -profile flexible
circuit package 1nclud1ng a flex1ble dielectric layer
having a flrst-conductlve 1ayer onwa'flrst side and a
second conductive layer on a- second 51de. A closed
end non-conductive passage extends through the

dielectric layer from the flrst s1de to the second

side. The first conductlve layer 1s adjacent an open

end of the passage at the first 51de, and the second
conductlve 1ayer forms the closed end of the passage at
the second side. A first stlffenerimember is attached
to the second conductive layer,and;%ncludes a

-12-
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throughbore. A second stiffener member is attached to

[

the firstg§ §£fener member and has a semiconductor

device mouhtéd thereon and extending into the
throughbore. - A solder ball is connected to the first
conductive layer and to the second conductive layer.
Another embodiment discloses a method of providing a
low-profile, flexible circuit package. A first
stiffener member having an opening formed therein is
connected to a second stiffener member which includes a
semiconductor device protruding into the opening. 2a
flexible dielectric layer is attached to the first
stiffener member and includes a first conductive layer
on a first side and a second conductive layer on a
second side. The second conductive layer is engaged
with the first stiffener member. A non-conductive
passage is formed through the dielectric layer from the
first side to the second side, so that the first
conductive layer is adjacent an open end of the passage
at the first side, and the second conductive layer
forms a closed end of the passage at the second side.
A solder ball is connected to the first conductive

layer and to the second conductive layer. The solder

~ball may be seated in the passage for providing a

conductive path between the first and second conductive

layers. Alternatively, the solder ball may be engaged

with the first conductive layer and a conductive lead

may be extended from the first conductive layer and
through the passage to terminate at an end in contact
with the second conductive layer.

-13-
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Another embodiment provides an electronic package

including a thin dielectric layer having a patterned

first COnduCtive-lqyer on one sidé?and a second

conductive layer on an opposite side. A non-conductive

passage extends th;oﬁgh the dieleéﬁfid layer from the

‘one side to the opposite side whiéh forms a closed end

of the passage. A conductive matéfial is deposited in
the passage in contact ﬁith the sé?énd'conductive
layer. A stiffener member is attééhed to the second
conductive layer using an adhesivéfmaterial, and a
semiconductor is electrically'connécted to the
conductive layers. L

A further electronic package emﬁodiment provides a
patterned trace on';he:fi:st'conddétive layer bonded

through the'nbn-conductive passagéftO'the second

conductive layer. The trace is cQﬁnected to a pad

positioned in the first conductivéfléyer on which a
solder ball is attached. _L

A further method embodiment préVides a low-profile
circuit package including a'flexihie'dielectric layer
having a patterned first conductifé layer on one side
and a second conductive layer on aﬁ opposite side. At
least one non-conductive paSsage ié formed in the
dielectric layer and the second co@dqctive layer forms
a closed end of the passage. A stffféner member is
attached to the opposite side by mééns of an adhesive
material. A semiconductor is attaéhed in a cavity in

the stiffener member

-14-
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and is electrically connected to the first and second

conduétiﬁﬂifgyers. A solder ball'is placed in each
passage and-is heated to a temperature sufficient to
melt the soider ball and attach it to the second
conductive layer.

A further electronic package embodiment provides a
dielectric layer having a patterned first conductive
layer on a first side and a second conductive layer on

a second side. The first conductive layer includes a

pad region. A non-conductive passage extends through

“the dielectric layer forming a closed end of the

passage at the second side. A first solder ball is

" mounted in the passage to provide electrical connection

with the seécond conductive layer. A second adjacent
solder ball is mounted on the pad region to provide
electrical connection with the first conductive layer.
The first solder ball is mounted to provide a stand-off
height that is substantially the same as the adjacent
second solder ball.

As it can be seen, the principal advantages of these
embodiments are that a substantially simplified, two-
metal flexible circuit can be used to create a high
performance semiconductor package. Presently known

two-metal flexible circuits with conductive vias are

used to electrically interconnect the two opposed

conductive layers, i.e. the vias have conductive
sidewalls. These conventional two-metal flexible
circuits are expensive due to the many specialized

processes required to create the metallized vias. In

~15-
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addition, the metallized vias add unwanted electrical
inductance. The embodiments disclosed herein provide
for a package with'euperior.electrical performance at
significantly lower ceets.

In addition to lower cost, anotth beneflt of

packages according to the present embodlments is that
the second cgnductlve layer 26,-F;9+_5, may serve as a
ground plane for reducing.crosstalg?associated with EMI
fields 52,.only one of which is iiiﬁstrated, from one
trace 22a to adjacent trace 22b. .é%osstalk is a
voltage associated with one ;race;?éb induced by the
EMI field 52 on the adjacent traceiéza The radius of
the field 52 is approx1mately equal to the distance
from the first conductlve layer 22 to the second
conductlve layer 26. - The closer the‘second'conductive
layer 26 is to the first conductlve layer 22, the

closer the traces- 22a and 22b can be to each other

~without inducing crosstalk.  As dlgqussed above, second

conductive layer 26.is bonded to spiffener member 12 by
the adhesive 16. =

Unlike prior devices, package cenStructions
according to the present embodlments provide a
consistent distance between the second conductive layer
26 and the first conductive layer 22. Furthermore, as
the second conductive layer 26 is ;mmediately adjacent
the dielectric layer 20, the'distaﬁee between the two

conductive layers 22 and 26 is minimized_for a

dielectric layer 20 of a given thiekness. A reliable

-16-
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and predic;able distance between the two conductive

1ayers_22ff a 26 is achieved due '
to the consistent and predictable thickness of the

dielectric layer 20.

The issue of planarity concerns a standoff height,
designated hn in Pigs. 1 and 2. The height'h” is to be
the height at which the solder balls extend from the
flexible circuit to a contact plane with the printed
circuit board. It is desirable to control the height
h,, such that whether a solder ball seats in a passage

or seats on the first conductive layer, the standoff

. height h,, remains substantially constant. There are

several methods to achieve this. For example, a small
amoun£ of conductive material may be used to fill the
passage up to the level of the first conductive layer,
thus, establishing a plane for the use of the same size
solder balls on the flexible circuit. Another method
could include providing the passage having a diameter
smaller then the diameter of the opening in the first
conductive layer for the usage of same size solder
balls. A further method could include using larger
diameter solder balls in the passages and smaller
diameter solder balls seated on the first conductive
layer.

In the embodiment of Figs. 2 and 4, the package will
enable the user to create uniquely addressed circuit
configurations by interconnecting only a specific set
of traces to the ground plane. This will allow for one
circuit design to be used for several different
semiconductors. The package allows solder balls to be
mass reflow attached to the ground plane of a two metal

layer flexible circuit. Non-metallized passages

-17-
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'through the dielectric layer facilitate making

~interconnection betﬂeen the'grcund plane and the trace

1ayer.on the opposing side of the;dielectric layer.

The solder balls may be attached dlrectly to the ground
plane through the passages. Alternatlvely, a lead may
extend from the trace layer adjacent the solder ball,
through the passage, and 1nto contact with the ground

plane.

Although illustrative embodimentelhave been shown
and described, a wide range of modi%dcations, change
and substitution is“ccntemplated-in-the foregoing
disclosure and in some instances, scﬁe features of the
embodiments may be employed without'a corresponding use
of other features Accordlngly, 1t 1s approprlate that
the appended claims be construed broadly and in a

manner consistent w1th the scope of the embodiments

disclosed herein.

-18-
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1. An electronic package comprising:

a flexible dielectric layer having a first
conductive layer on a first side thereof and a second

conductive layer on a second side thereof, opposite the

first side;

a non-conductive passage extending through the
dielectric layer from the first side to the second
side, the first conductive layer being adjacent an open
end of thé passage at the first side, and the second
conductive layer forming a closed end.of the passage at
the second side; and

a solder ball connected to provide a conductive path

between the first conductive layer and the second

conductive layer.

2. The electronic package as defined in claim 1

wherein the first conductive layer is patterned.

3. The electronic package as defined in claim 1

wherein the first conductive layer includes power and

signal traces.

4. The electronic package as defined in claim 1

wherein the solder ball is seated in the passage and

provides a conductive path between the first conductive

layer and the second conductive layer.

-19-
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5. The electronic package as defined in claim 1

wherein the solder ball is engaged“With'the first

conductive layer, and a conductlve;lead extends from
the first conductlve layer through the passage and

5 terminates at an end 1n contact w1th the second

conductlve layer.

6. A flexible c1rcu1t system compr1s1ng

a flexible dielectric layer hav;ng a flrst
10 conductive layer on a flrst side thereof and a second
conductlve layer on a second s1de thereof opposite the
first side; :l
a non- conductive passage extendfng through the
dlelectrlc layer. from the flrst s1de to the second
:15 side, the flrst conductlve layer belng adjacent an open
end of the passage at the first 91de, and the second
conductive layer formlng a closed end of the passage at
the second side; | '“i' '
a stiffener member attached to,the’sedond'conductive
20 'layer; and a solder'ball-connectedsto.the first

conductive layer and to the_second;conductive layer.

7. The system as defined in claim Q;Wherein the first
conductive layer is patterned. -

2 | e |
8. The SYstem as defined in claings wherein the first

conductive layer includes power and signal traces.

9. The system as defined in claim'g wherein the
30 solder ball is seated in the paSSagefand providing a
conductive path between the first conductive layer and

the second conductive layer.

-20~ : ___.____——/'—
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10. The sydtem as defined in claim'6 wherein the

solder bail-is engaged with the first conductive layer,

and a conductive lead extends from the first conductive
5 layer through the passage and terminates at an end in

contact with the second conductive layer.

11. The system as defined in claim 6 wherein the

stiffener member is attached to the conductive layer by

10 an adhesive.

12. A low-profile, flexible circuit package

comprising:

15 ~a flexible dielectric layer having a first
conductive layer on a first side thereof and a second
conductive layer on a second side thereof, opposite the
first side;

a closed end, non-conductive passage extending

20 through the dielectric layer from the first side to the
second side, the first conductive léyer being adjacent
an open end of the passage at the first side, and the
second conductive layer forming the closed end of the
passage at the second side;

-] a first stiffener member attached to the second
conductive layer and inclu@ing a throughbore formed
therein; |

a second stiffener membér attached to the first
stiffener member and having a semiconductor device

30 mounted thereon and extending into the throughbore;

and a solder ball connected to the first

conductive layer and to the second conductive layer.
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13. The c1rcu1t as defined in clalm 12 wherein the

first conductlve layer is patterned

5 14. The circuit as defined in claihflz wherein the
first condugtive layer includes pe@er and signal

traces.

15. The c1rcu1t as defined in clalm 12 wherein the
10 solder ball is seated in the passage and provides a
conductive path between the first gqnductlve layer and

the second conductive layer.

16. The circuit as defined in claigjlz wherein the

15 soldér ball is engaged with.the-fiﬁﬁt conductive layer,
and a'conduétive'lead extends fromfthe first conductive
layer through the passage and termiaates at an end in
contact with the second conductiveiiayer.

I : . o .

20 -~ 15. The circuit as defined in claim-12 wherein the

-first stiffener member is attached to the conductive

layer by an adhe81ve.

18. The circuit as defined in-claim-iz wherein the
25 first stiffener member is attached to the second

stiffener member by an adhesive.

19. The cireuit as defined in c1aim-12 wherein the
semiconductor device is connected te-the-first

30 conductive layer by wire bonding.
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20. A method of providing a low-profile, flexible

circuit péfw‘ge comprising the steps of:

attaching a first stiffener member having an

opening formed therein to a second stiffener member

~including a semiconductor device, so that the

semiconductor device protrudes into the opening;

attaching a flexible dielectric layer having a first
conductive layer on a first side and a second
conductive layer on a second side, to the first
stiffener member, so that the second conductive layer
is engaged with the first stiffener member;

forming a non-conductive passage through the
dielectric layer from the first side to the second
side, so that the first conductive layer is adjacent an
open end of the passage at the first side, and the
second conductive layer forms a closed end of the
passage at the second side; and

connecting a solder ball to the first conductive

layer and to the second conductive layer.

21. The method as defined in claim 20 wherein the step
of connecting the solder ball further comprises the
step of seating the solder ball in the passage for
providing a conductive path between the first

conductive layer and the second conductive layer.

22. The method as defined in claim 21 wherein the step
of connecting the solder ball further comprises the
step of engaging the solder ball with the first
conductive layer and extending a conductive lead from

the first conductive layer through the passage to

e ¢ L M08 *
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terminate at an end in contact with the second

conductive layer.
23. BAn electronic packagé comprising:

5 " a thin dielectric layer having a patterned first

conductive layer on a first side

thereof and second conductive layer on a second side
10 thereof, opposite the first side; a non-conductive
passage extending through the dielectric layer from the
first side to the second side, the second conductive
.1ayer'forming a closed end of the passage at the second
gide; '
15 a conductive material deposited ‘in the non-
conductive passage in contact with the second

conductive layer;

a stiffener member attached to the second conductive
layer using an adhesive material; and
20 a semiconductor electrically connected to the first

and second conductive layers.

24. The package as defined in claim 23 wherein the
conductive material makes contact with both the first

2 conductive layer and the second conductive layer.

25. The package as defined in claim 23 wherein the

conductive material comprises a solder ball.

30 26. The package as defined in claim 23 wherein the

stiffener member comprises a solid piece of copper with

-2~
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a cavity formed therein in which the semiconductor is

placed.

27. The package as defined in claim 23 wherein the

5 stiffener member has a bore formed therein, a second
stiffener member is attached to first stiffener member,
and a semiconductor device is mounted thereon and

extends into the bore of the first stiffener member.

10 28. The package as defined in claim 23 wherein the
dielectric layer comprises a flexible polyimide

material.

15 29. An electronic package comprising:

a thin dielectric layer having a patterned first
conductive layer on a first side thereof and second
conductive layer on a second side thereof, opposite the
first side;

20 a non-conductive passage extending through the
dielectric layer from the first side to the second
side, the second conductive layer forming a closed end
of the passage at the second side;

a patterned trace on the first conductive layer

2 bonded through the nonconductive passage to the second
conductive layer, the trace being connected to a pad
positioned on the first conductive layer upon which a
solder ball is attached;

a stiffener member attached to the second conductive

30 layer using an adhesive material; and

a semiconductor electrically connected to the first

and second conductive layers.
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30. The package as defined in claim 29 wherein said
stiffener member comprises a solid piece of copper
having a cavity formed therein for receiving the

semiconductor.

31. The package as defined in claim 29 wherein said
stiffener member has a bore formed ﬁherein, a second
stiffener is attached to first stiffener member, and a
semiconductor device is mounted theféon'and extends

into the bore of the first stiffene? member.

'32. . The package as defined in claim 29 wherein said

dielectric layer comprises a flexibie polyimide

material.

33. A method of providing a low-profile, circuit
package comprising the steps of proyiding a flexible
dielectric layer having a'patternedufirst conductive
layer on a first side and a second'cpnductive layer on
a second side, the dielectrié'layer having at least one
non-conductive passage formed thereiﬁ.and the second
conductive layer forming a closed end of the passage at
the second side;

attaching a stiffener member to the second side of
the flexible dielectric layer using'aﬂ adhesive
material;

attaching a semiconductor in a cavity in the

stiffener member and electrically connecting the
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semiconductor to the first and second conductive
layers; and%_ .

placiné?élsolder ball in each-pés,-,a—e and heating
to a temperature sufficient to melt the solder ball and
attach it to

the second conductive layer.

34. The method is defined in claim 33 wherein the step
of placing the solder ball further comprises the step
of seating the solder ball in the passage for providing
a conductive path between the first conductive layer

and the second conductive layer.

- 35. The method is defined in claim 34 wherein the step

of placing the solder ball further comprises the step

of engaging the solder ball with the first conductive
layer and extending a conductive lead from the first
conductive layer thfough the passage to terminate at an .

end in contact with the second conductive layer.

36. An electronic package comprising:

a dielectric layer having a patterned first
conductive layer on a first side thereof and a second
conductive layer on a second side thereof, the second
side opposite the first side and the patterned first
conductive layer including a pad region;

a non-conductive passage extending through the
dielectric layer from the first side to the second
side, the second conductive layer forming a closed end

of the passage at the second side;

-27-
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a first solder ball mounted in the passage to
provide electrica1 §ogp§q;ion with the second
conductive layer; o

a second adjacent ggl@gr ball mounted on the pad

S region to provide el§¢£piqal connection with the first
conductive layer; anﬁz" : _

the first solder ﬁal; being mougted to provide a
stand-off height thaﬁ'ié gubstan;iglly the same as the
second adjacent so;qgrféall, |

10
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