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Background 

TAPE SALL Glt:ID ARRAY W:ITH 
INTERCONNECTED GROUND PLANE 

PCT/US99/01461 

s The disclosures herein relate generally to a tape 

ball grid array (TBGA) and more 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 of fer many of 

10 the same advantages as plastic BGAS, namely, excellent 

durability, improved board space utilization, and ease 

of surf ace 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 pin counts. To achieve the 

maximum noise reduction 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 

either plating or laminating a thin layer of metal 

25 (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, las~r milling or chemical etching. 

These vias are then metallized by first depositing 
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(sputtering or elec:;t::r;oles~ plating), a seed layer of 

metal into ~he 

vias followec;i by plating \lP of the~~ vias. In all 

cases the e:x:tra .steps of d~positifl:~this seed layer and 
.. .-·: 

5 then plating up these via:; is time' consuming and 

costly. 

There have been various attempt~ at making 

electrical interconnection to a grpµnd plane on the 

tape. One such attempt includes U~S. Patent 5,583,378 

10 which discloses a ball grid array package and method 

for manufacture of the same. The J?all grid array 

package includes a thermal conducto:i= which is a 

linearly co-extensive outer layer tn an interconnection 

substrate and forms the outer surf ace of the ball grid 

15 array package. An integrated circuit chip is 

positioned ori the underside of the' package in a well 

region. The well region is either ~armed directly in 

the interconnection substrate or is formed by the 

application 6f a dam. The well region is then filled 

20 with an insulating encapsulant mat~rial to a 

predetermineci level. In this device, plated through 

holes interconnect layers in a bal+ grid array. 

U.S. Patent 5,519,936 and U.S. ~atent 5,561,323 each 

disclose an electronic package which includes a rigid 
. . . . . 

25 support member, e.g~, copper sheet~ to which is bonded 

both the package's semiconductor chip and circuitized 

substrate members. rhe chip is bonded using a 

thermally conductive adhesive while the circuitized 

substrate, preferably a flexible circuit, is bonded 
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using an electrically insulative adhesive. The chip is 
. . ··~ 

electrical*~f coupled to designate~'. parts of the 

circuitry of the substrate, preferably by wire, 

thermocompression or thermosonic bonding. An 

5 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 

10 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 

15 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 

20 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 

25 through a second via at a distance from the first 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 ~nd U.S. Patent 5,409,865 

disclose a device and a method in which an integrated 

circuit package, including a TAB t~p~, a stiffener 

structure, and sold~r balls, provi~e-external 

s connection to a sem;conductor die :sonnected through 

electrically conductive tr~ces of tqe TAB tape. The 

TAB tape has upper ~nd lower diel~9tric layers each 

having an aperture !or accommodating the semiconductor 

die. In addition, the lower dielec;:tric layer is 

10 provided with an array of openings'which is coincident 

with an array of electrically conductive pads in the 

TAB tape, so as to allow the sold~r balls to attach to 

the conductive pads. The semiconductor die can be 

connected to the TAB tape either by inner lead bonding, 

15 or by wire bonding. In these devices, solder balls 

make contact with a stiffener on a'TBGA. 

U.S. Patent 5,376,588 discloses'.a surface mount 

package in which a flexible circuit is laminated on a 

conductive body. The flexible circ;:uit includes a 

20 wiring pattern which is connected to signal bonding 

pads of an integrated circuit die housed within the 

package. The flexible circuit may, for example, be a 

TAB frame or a printed circuit board. Ground bonding 

pads' of the integrated circuit die are coupled to the 

25 conductive body via a ground bar or a. wire-bendable 

finish on the conductive body. In this device, a 

conductive adhesive makes contact with a stiffener on a 

TBGA. 
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Therefqre, as the .. · speed requirements for computer 

chips rise~\;~jbove 200 MHz, what is· )1eeded is a TBGA 

package which contains an electrically coupled ground 

plane to minimize the electrical noise in the system, 

s and which does not require the use of metallized vias. 

Summary·· 

One embodiment, accordingly, provides an apparatus 

10 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 

1s 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 

20 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 second 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 

JO necessary contact with the ground plane. 
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Brief Description of the Drawing Figures 

Fig. 1 is a diagrammatic view ±~],ustrating an 

embodiment of an electronic package,t 

5 Fig. la is a diagrammatic View i;llustrating an 

embodiment of a semiconductor deviq~ seated in a 

stiffener member. 

Fig. lb is a diagrammatic view ~~lustrating an 

10 embodiment of a solder ball seated:~n a passage of a 

flexible circuit. 

Fig. 2 is a diagrammatic view i~iustrating another 

embodiment of an electronic packag~. 

Fig. 3 is a diagrammatic view it~ustrating an 

15 embodiment of a solder ball seated: in a passage of a 
. ~ 

flexible circuit. 

Fig. 4 is a diagrammatic. view illustrating an 

embodiment of a solder ball seated·a9.jacent a passage 

of a flexible circuit, and a lead extending through the 

20 passage. 

Fig. 5 is a diagrammatic view il~ustrating an 

embodiment of adjacent traces and ~n associated EMI 

field. 

25 Detailed Desc~iption 

In accordance with Fig. 1, a first stiffener member 

12 is·bonded to a second stiffener member 14 bv a 

commercially available adhesive 16, Stiffener members 

30 12 and 14 are commonly formed of copper material and 

function to dissipate heat and add ~upport to an 

electronic package 10 including a flexible circuit, 
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generally designated 18. The support provided by 

stiffener.lfi~fubers 12 and 14 enhand~s planarity for 

solder ball attachment to a printed circuit board 19, 

discussed below. 

5 The flexible circuit 18, Figs. 1 and 3, includes a 

flexible dielectric 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 

10 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. 

15 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 be formed by a laser ablation 

process, a dry etching process such· as plasma etching, 

20 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 side 24. The second conductive layer 26, 

25 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, 

30 mentioned above. An opening in the form of a 

thioughbore 36, is formed through first stiffener 
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member 12. A semiconductor device 38 is mounted on 

second stiffener member 1~ by a su.itable·means such as 
. ·. "i· 

a suitable conventional adhesive. i<semiconductor device 

38 protrudes.into thr~ughbore 36 ~nd is wirebonded at 
,., ... 

5 40 directly to seco~d con~uctive ~a,yer 26 and is 
; ..: .. 

similarly wirebonded at 42 to fir~~ conductive layer 

22. A cover coat 44 may be! provid~4 on first 
. .· · .. 

conductive layer 22 to prev~nt a t:~ndency for solder to 

wick over from one trace 22a to adj:acent trace 22b. 

10 Also, an ·encapsulant 4 6 may be provided to encapsulate 

semiconductor device 38 and the wirebond connections 40 

and 42. 

As an alternative, Fig. la, instead of a two-piece 

stiffener as described above, a si~gle stiffener l2a 

15 could be provided w~th a cavity 36a formed therein near 

the center thereof, and a semicond'llptor device 38a 

could be placed in the cavity and connected to a 

circuit 18a. 

A first solder ball 48, Figs. 1 §ind 3, may seat in 

20 passage 30. As such, solder ball ~8 seats in passage 

30 in such a way as to engage both~he first conductive 

layer 22 at open end 32, and the seqond conductive 

layer 26 at closed end 34. In this' manner, solder ball 

48 provides a conductive path between the first 

25 conductive layer 22 and the second conductive layer 26. 

A second solder ball SO, is reflow a,ttached directly to 

a pad region of the first conductive! layer.22 and does 

not make electrical contact with the second conductive 

layer 26. 
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Alternatively, a solder ball 48b, Fig. lb, is seated 

in passa~e<;i:'.bb and is reflow attadlied directly to a 

second conductive layer 26b without making any contact 

with the first conductive layer 22b. As such, an 

s 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 are formed 

of copper material to dissipate heat and provide 

support to an electronic package 110 including a 

flexible 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 flexible 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 

~ layer 126 on a second side 128, opposite the first side 

124. A passage or 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 

25 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 

·9-
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patterned as described abqve·, and typically- ·forms 

signal and pq~er·traces. First layer 122 is adjacent 
:.· •· 

an open end 132 of passage 130 at &irst side 124. The 

second conductive layer 12~, howev~r functions as a 

s ground or power reference plane having a constant 

voltage, and·. covers ·second side 12~·:so as to form a 

closed end 134 of passage 130. 

The first stiffener member 112, .;Fig. 2, is attached 

to the flexible circuit 118 by the·:~dhesive 116, 

10 mentioned above. An opening in the· form of a 

throughbore .136, is formed through:first stiffener 

member 112. A semiconductor device-138 is mounted on 

second stiffener member 114 as desqribed above . 
.. :=·. 

Semiconductor · device 13 8 protrudes in.to throughbore 13 6 

15 and is wirebonded at 140 directly.to second conductive 

layer 126 and is similarly wirebonq~d at 142 to first 

conductive layer 122. A cover-coat 144 may be provided 

on first conductive layer 122 to limit a tendency for 

one trace to wick over to an adjace!;rit trace. Also, an 

20 encapsulant 46 may be provided· to e~qapsulate 

semiconductor device 138 and the wfrebond connections 

140 and 142. 

A first solder ball 148, Figs. 2 and 4, may seat 

adjacent passage 130. As such; solder ball 148 seats 

25 on fir~t.conductive layer 122 adjac~pt open end 132. A 

conductive lead 122a extends from tbe first conductive 

layer 122, through the passage 130, '·and terminates at 

an end 122b in electrical contact with second 

conductive layer 126. The lead 122~may be attached to 

-10-



.. ·. . ·:· 

,,,}\ ... ::. 
PCT/US99/01461 W000/22674 

the .second conductive layer by means ·such as ultrasonic 

welding, t,j\~rmal-compression bond.i~g or other known 

methods. A second solder ball 150, is reflow attached 

directly to a pad region of the first layer 122 and 

5 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 

10 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 

15 conductive layer on a second side. The first 

conductive layer includes a signal trace electrically 

insulated from the second conductive layer. A 

stiffening member may be attached to the second 

conductive layer. A passage extends through the 

20 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 

25 only one conductive layer contributes to maximizing the 

.overlying areas of both conductive layers. 

As a result, o~e embodiment provides an electronic 

~.ackage including a flexible dielectric layer having a 

first conductive layer on a first side and a second 

3D 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 
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layer is adjacent an open end of the :E>"assage at the 

first side and the second conductiy~ layer forms a 

closed end of the p~ss~ge at the second side. A solder 
i :~-: ; ' .· .... _,. 

ball is connected to provide a cong~ctive path between 

s the first conductive layer and th~,':~econd conductive 

layer. 

Another embodiment provides a fl.exible circuit 
•. 

including a flexible dielectric la~er having a first 
· ..... ·::·; 

conductive layer on a first side ari.~ a second 

10 conductive layer on a second· side. : A non-conductive 

passage extends through the dieleq~ric layer from the 

first side to the second side. The·:· first conductive ........... 

layer is adjacent an open end of t11:e passage at the 

first side, and the second conductive layer forms a 
. . . 

1s closed end of the passage at the se~ond side. A 

stiffener member is attached to the, second conductive 

layer. A solder ball is connected t::o the first 

conductive layer and to the second' ,conductive layer. 

Another embodiment provides a lqW,:_prof ile flexible 
: ·. 

20 circuit package including a f lexibl~' dielectric layer 

having a first conductive layer on:~:. first side and a 

second conductive layer on a second.'-.side. A closed 
'· .,.· 

end, non-conductive passage extend~ through the 

dielectric layer from the first sid~to the second 
; 

25 side. The first conductive layer ~.~·.·adjacent an open 

end of the passage at the first side, and the second 
. , ~. 

conductive layer forms the closed ~pd of the passage at 

the second side. A first stiffener/member is attached 
. . :: .. 

to the second conductive layer and +!]-eludes a 

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

the first ~~lffener member and has: a. semiconductor 

device mounted thereon and extending into the 

throughbore. A solder ball is connected to the first 

s 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 

10 semiconductor device protruding into the opening. A 

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 

15 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 

20 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 

25 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 enibodiment prqvides an electronic· package 

including a thin dielectric layer,~aving a patterned 
!" 

first conductive·la.yer on one side'and a second 

conduc.tive la·yer on an opposite s.:t!;ie. A non;..conductive 

5 passage extends through the diele9tric layer from t~ 

one side to the opposite side whi6h forms a closed end ,_·_. 

of the passage. A conductive mat~rial is deposited in 

the passage in contact with the se9ond conductive 

layer. A stiffener member is att~Ghed to the second 

10 conductive layer using an adhesive:material, and a 

semiconductor is electrically conriE;?cted to the 

conductive layers.' 

A further electronic package embodiment provides a 

patterned trace on the first conduqtive layer bonded 

15 through the.non-conductive passage·to the second 

conductive layer. The trace is connected to a pad 

positioned in the first conductivE!.layer on which a 

solder ball is attached. 

A further method embodiment provides a low-profile 

20 circuit package including a flexible dielectric layer 

having a patterned first conductive, layer on one side 

and a second conductive layer on an opposite side. At 

least one non-conductive passage i~ formed in the 

dielectric layer and the second co~ductive layer forms 

25 a closed end of the passage. A stiffener member is 

attached to the opposite side by me:ans of an adhesive 

material. A semiconductor is atta(::hed in a cavity in 

the stiffener member 

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

conductivt::i>···~:iyers. A solder ball·,~£~ placed in each 
' ' 

passage and is heated to a temperature sufficient to 

melt the solder ball and attach it to the second 

s 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 

10 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 second conductive layer. A second adjacent 

1s 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. 

20 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 

25 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 
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addition, the metallized vias add unwanted electrical 

inductance. The em}:)odiments discl9sed herein provide 

for a package with superior electrical performance at 

significantly lower costs. 

s In addition to lower cost, anot~e·r benefit of 
·.·, 
,: . 

packages according to the present ~ttlbodiments is that 

the second conductive layer 26, Fig~. 5, may serve as a 

ground plane for reducing crosstal]tassociated with EMI 

fields 52, only one of which is iliustrated, from one 

10 trace 22a to adjacent trace 22b. trosstalk is a 

voltage associated with one trace .22b induced by the 

EMI field 52 on the adjacent trac~:22a. The radius of 

the field 52 is approximately equal.to the distance 

from the first conductive layer 22·t;:o the second 

15 conductive layer 26. ·The closer the second conductive 

layer 26 is to the first conductiv~-layer 22, the 

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

without inducing crosstal~. As di~.c.ussed above, second 

conductive layer 26 is bonded to stJffener member 12 by 

20 the adhesive 16 . 

Unlike prior devices I package con:structions 

according to the present embodimen~~ provide a 

consistent distance between the second conductive layer 

26 and the first conductive layer 22:.· Furthermore, as 

~ the second conductive layer 26 is ~~~ediately adjacent 

the dielectric layer 20, the distan9e between the two 

conductive layers 22.and 26 is mini~ized for a 

dielectric layer 20 of a given thic~ness. A reliable 
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and predictable distance between the two conductive 

layers 22 :~~ 26 is achieved due 
to the consistent and predictable thickness of the 

dielectric layer 20. 

s The issue of planarity concerns a standoff height, 

designated h11 in Figs. 1 and 2. The height h11 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 

10 h11 such that whether a solder ball seats in a passage 

or seats on the first conductive layer, the standoff 

height h11 remains substantially constant. There are 

several methods to achieve this. For example, a small 

amount of conductive material may be used to fill the 

1s 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 

20 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. 

25 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 

30 semiconductors. The package allows solder balls to be 

mass ref low attached to the ground plane of a two metal 

layer flexible circuit. Non-metallized passages 
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through the dielectric layer facilitate making 

interconnection betwee~ the groun~ plane and the trace 

layer on the opposing sid~ of the ~ielectric layer. 

The solder balls may be atta.ched directly to the ground 

5 plane through the p~ssages. Alte~natively, a lead may 
;:··:· ."·. 

extend f ram the trac;e lay~r adj ace,tj.t the solder ball, 

through the passage~ and into conta,c_t with the ground 

plane. 

Although illustrative embodiments have been shown 

10 and described, a wide range of modifications, change 

and substitution is contemplated in the foregoing 

disclosure and in some instances, some features of the 

embodiments may be employed without a corresponding use 

of other features. Accordingly, it is appropriate that 

15 the appended claims .be co~strued b;r:oadly and in a 

manner consistent with th~ ~cope of the embodiments 

disclosed herein. 

20 

25 
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Claims 

What is ctf~lmed is: 

1. An electronic package comprising: 

5 a flexible dielectric layer having a first 

10 

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 the passage at the first side, and the second 

15 conductive layer forming a closed end of the passage at 

20 

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 
I 

25 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 

30 provides a conductive path between the first conductive 

layer and the second conductive layer. 

HlllllJ lllllUlllllllll 11 1111 
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5. The electronic package as defined in claim 1 

wherein the :~older ·ball is engage~··.with the first 
.. 

conductive layer, and a conductive'lead extends from 
. . 

the first cdnductive layer through.:the passage and 

5 terminates at an end in contact wi.~·h the second 

conductive layer. 

6. A flexible circuit system comp:[-i~ing: 

a flexible dielectric layer ha~irig a first 

10 conductive layer on a first side t;qereof and a second 

conductive layer on a second side t'hereof, opposite the 

first side; 

a non-conductive passage extendizig through the 

dielectric layer from the first side to the second 

15 side, the first conductive layer being adjacent an open 

end of the passage at the first sid~, and the second 

conductive layer forming a closed end of the passage at 

the second side; 
.···i ·:, 

a stiffener member attached to the second conductive 
:· 

20 layer; and a solder ball connected to the first 

conductive layer and to the second conductive layer. 

25 

7. The system as defined in claim 6 wherein the first 

conductive layer is patterned. 

8. The system as defined in claim, 6 wherein the first 

conductive layer includes power and signal traces. 

9. The system as defined in claim 6 wherein the 

30 solder ball is seated in the passa~e and providing a 

conductive path between the first conductive layer and 

the second conductive layer. 
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10. The s1ifbem as defined in clai,ttt' 6 wherein the 

solder ball 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 layer 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 member 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. 

·21-
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13. The circuit as defined' in claim: 12 wherein the 
···-;J' 

first conductive layer is pattern~q.·~ · 

s 14. The circuit as defined in claim 12 wherein the 

first conductive layer includes p~wer and signal 

traces. 

15. The circuit as defined in cla!m 12 wherein the 

10 solder ball is seated in the passag~ and provides a 

conductive path between the first qo,nductive layer and 

the second conductive layer. 

16. The circuit as defined in clai1Y1·12 wherein the 

1s solder ball·is engaged with the fi:r~t conductive layer, 

and a· conductive lead extends from. the first conductive 
;.:., 

layer.through the passage and terminates at an end in 

contact with the second conductive···+ayer. 

11' 
20 .. 15.. The circuit as defined in claiqi ·12 wherein the ... ,,. ... 

first stiffener member is attached to the conductive 
··,. 

layer by an adhesive. 

18. The circ11it as defined in clai[n,12 wherein the 

25 first stiffener member is attached :to the second 

stiffener member by an adhesive. 

19. The circuit as defined in claim 12 wherein the 

semiconductor device is connected t() the ·first 

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

circuit pa'!'JG~ge comprising the st~ps of: 

attaching a first stiffener member having an 

s 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 

10 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 

15 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 

20 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 

25 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 

30 step of engaging the s.older ball with the first 

conductive layer and extending a conductive lead from 

the first conductive layer through the passage to 
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5 

terminate at an erid in contact with the second 

conductive layer. 

23. 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 

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 

layer forming a closed end of the passage at the second 

side; 

15 a conductive material deposited in the non-

conducti ve passage in contact with the second 

conductive layer; 

a stiffener member attached to the second conductive 

layer using an adhesive material; and 

~ 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 

25 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 
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a cavity formed therein in which the semiconductor is 

placed. 

27. The package as defined in claim 23 wherein the 

s 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 

~ 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. 

-25· 

I lllllll llllll llllMllll 111111 
* C L M S * 



W000/22674 I lllllll llllll llllMllll.111111 PCT/US99/01461 

* C L M S * 

30. The package as defined in claim 29 wherein said 

stiffener member comprises a solid {>iece of copper 

having a cavity formed therein for receiving the 

s semiconductor. 

31. The package as defined in claim 29 wherein said 

10 stiffener member has a bore formed therein, a second 

stiffener is attached to first stiffener member, and a 

semiconductor device is mounted thereon ·and extends 

into the bore of the first stiffener member. 

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

dielectric layer comprises a flexible polyimide 

material. 

33. A method of providing a low-profile, circuit 

20 package comprising the steps of providing a flexible 

dielectric layer having a patterned first conductive 

layer on a first side and a second conductive layer on 

a second side, the dielectric layer having at least one 

non-conductive passage formed therein and the second 

2s 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 an adhesive 

material; 

30 attaching a semiconductor in a cavity in the 

stiffener member and ~lectrically connecting the 
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semiconductor to the first and second conductive 

layers; az;id. 

placing a solder ball in each·pas,-,a-e and heating 

to a temperature sufficient to melt the solder ball and 

s attach it to 

the second conductive layer. 

34. The method is defined in claim 33 wherein the step 

10 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. 

1s 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 through the passage to terminate at an 

20 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 

25 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 

30 side, the second conductive layer forming a closed end 

of the passage at the second side; 
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a first solder ~Cl.~+ mou:pted in.the passage to 

provide electrical ponne,~tion with the second 

conductive layer; 

a second adjacent ~pl4~r ball mounted on the pad 

s region to provide el~qtpi,~al connection with the first 

conductive l~yer; and 

10 

. 15 

the first solder p~ii being mounted to provide a 

stand-of£ height tpa~ i~ ~ubstanti~lly the same as the 

second adjacent soiqe,r:pall. 
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