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A FLEXIBLE CIRCUIT WITH CONDUCTIVE VIAS AND A METHOD OF MAKING

Background of the Invention
The disclosures herein relate generally to flexible circuits and more

particularly to conductive vias provided to interconnect circuit traces on opposite side
of the circuit substrate.

The current trend in packages for integrated circuits is to use automated forms
of lead bonding such as tape automated bonding (TAB) and flip chip techniques as
opposed to the more traditional method of wire bonding. This trend stems from the
requirement for increased number of inputs and outputs (I/O) in a package as well as
improved reliability, enhanced electrical signal performance and increased yields. To
meet these demands, flip-chip packages and multi-chip modules employing flip-chip
bonding techniques are beginning to replace more conventional packaging
architectures.

Double sided circuits typically are fabricated by forming a conductive pattern
on opposing sides of a pianar dielectric material and interconnecting the opposing
conductive layers with conductive vias. Various processes and techniques, generally
involving conventional photolithographic methods, are used to form the conductive
circuit patterns on double sided circuits. Photolithographic techniques for forming
conductive circuits are explained and well documented in electronic packaging
handbooks and in patent literature, e.g. U.S. Patent 5,227,008. Various well-known
methods are also used to form vias in the dielectric which separates the conductive
layers. Common via forming methods include mechanically punching, drilling, laser
ablation, chemical (wet) or plasma etching. These methods have been commonly
used to form straight, vertical sidewalls, which terminate at a 90-degree angle with the
opposite surfaces of the dielectric material as well as low aspect ratio tapered wall
vias. After the via holes are formed in the dielectric, additional processing steps take
place to electrically connect the circuit patterns on either side of the dielectric through
the via holes. Thus, the vias serve as conductive feedthroughs or conductive through
holes. )

Although the above mentioned techniques as well as many other methods are

available to create the dielectric holes which serve as the openings for the conductive
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feedthroughs between layers, these methods create vias which have one or more
limitations. Foremost among the limitations associated with prevailing via types is
the shape of the vxas Common via shapes, with high espeet ratios, serve to both--
generate and accel_e_rate the accumulation and concentfatiqi; of the forces which
induce stress into fhe éurrounding circuit features. This ix_x,(:.:luced stress often causes
premature brittle erack_ing and failure of the metallic condectors and or causes the
conductors to delé;ninate from the dielectric. Many cehventional methods have been
tried in the efforts'_zto eliminate t.hese. types of stress failureé. Some of these methods
are described or referenced in U.S. Patent_5,288,541 o

Although many methods exist which attempt to elﬁﬁmte stress failures, they
have had only Iimite(_i .;success at doing so. As mentioned, the stress generating and
stress concentrating nature of conventional vias are due to the problematic shape of
the vias. Conveht_ional 'via shapes do not successfully alle:viate the effects of Z-axis
movement of the materials used in fhe construction of the v1as Movement in the Z-
direction is distinctly different for all of the materials used in the construction of
double sided circuits and viaé, and this misrﬁatch of the_ physical properties of these
matexiels is the soerce of the stress, often Severe, which m turn causes the circuit to
fail. | |

Copper is the most common conductive metal used as the electrical
feedthrough in the via. Copper has a well known thermal coefﬁclent of expansion of
17 ppm/°C. In the construction of double sided circuits, copper may be applied
(laminated, vapor deposited, etc.) to any number of different types of dielectric
materials. Among the more common dielectric matenals are polyimide, FR4, BT
resin, etc. Polynmde is typical of these dielectric matenals in that there are many
different types of polyimide which can be either flexible or rigid. Z-axis values of the
thermal coefficient of expansion of the commercially available polyimides used to
construct double sidec{ circuits are in the ranges of 120 to i40 ppm/°C. Therefore,
this substantial differ_ence in the thermal coefficients of eXpansion of copper and
polyimide can cause extremely hlgh stresses in and around the via, especially at the
90 degree angle where the via sidewall intersects the opposite surfaces of the
diclectric material. These stresses ere cyclic and extremely high in value relative to
the tensile strength of the copper. The cyclic nature of the stresses serves to work
harden the copper ata point at which the tensile forces in the copper is at a maximum.
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Over time, often a relatively short time, the tensile strength of the copper decreases
due to work har&eniﬁg Finally, the copper cracks and rilptures at the 90 degree angle
and the circuit fails mechanically and electrically.

Although mismatches of thermal expansion coefficients in the Z direction are
the source of much stress associated with conductive vias, there are also many other
causes of stress. Some of these stresses are caused by differences in hygroscopic
expansion between the metal and the organic substrate, and differences in expansion
caused by solvents, organic or otherwise, used in the manufacture, processing, or
handling of multilayer circuits, etc.

The many causes of stress in a circuit having vias with conductive
feedthroughs, and the poor ability of conventional double sided circuits with
conducive vias to effectively limit the effects of the stresses, have therefore created a
need for a multilayer circuit, with interconnecting vias which is inherently resistant to
the deleterious effects of Z-axis movement and associated stress.

U.S. Patent 5,166,097 discloses a method for making conductive feedthroughs
in silicon wafer interposers utilized in silicon wafer multi-chip modules. The
feedthroughs are in a silicon wafer substrate rather than the polymeric substrate of a
flexible circuit. Due fo the conductivity of doped silicone, the feedthroughs must be
electrically isolated from each other by applying a layer of dielectric material within
the feedthroughs prior to metallizing them. The inherent dielectric properties of a
polymeric flexible circuit substrate preclude the need to electrically isolate the
feedthroughs. Furthermore, the feedthroughs are fabricated with an anisotropic
etching process called orientation-dependent-etching (ODE) such that a high aspect
ratio of 400:1 is attained. This type of anisotropic wet etching process relies on the
crystal structure of the silicon wafer to provide for such a high aspect ratio. Wet
etching of feedthroughs in polymeric flexible circuit substrates are anisotropic but the
polymeric material does not permit aspect rations attainable with an ODE etching
process.

Therefore, what is needed is a flexible circuit suitable for flip chip and wire
bond applications having high I/O’s. Moreover, the need for methods of
manufacturing a flexible circuit which is capable of meeting increased I/0

requirements, at an economical yet reliable fashion, also continues to exist.
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Summary

One embodiment, accordingly, provides an apparatus and a method for
forming an electri_cally_conducti\}e via in a dielectric subst:_r_.'ate which separates
opposing conductive layers of a circuit. The conductive vias provide a feedthrough to
link the opposing conductive layers and conduct an electﬁcal signal from one
conductive layer to the other. To this end, a flexible c1rcu1t includes a flexible non-
conductive substrate: havmg a first surface and a second surface A first electrically
conductive trace is provided on the first surface and a second electrically conductive
trace is provided on the second surface. A passagé extehcfs through the substrate from
the first trace to the second trace. The passage has an ho_ufglass shaped sidewall
which substantially converges between the first and second surfaces, and includes an

electrically conductive surface for electric'ally interconnecting the first trace and the

second trace.

A principai advantage of this embodiment is that the number of vias in a given
area is substantially increased enabling a greater number of I/O’s. The reduction of -
stress on the copper results in better reliability and longer life of the circuits and vias.

Also, a more uniform metallization of the conductive surfaces in the vias is possible.

Brief Description of the Drawings

Fig. l isan 1sometnc view illustrating an embodlment of a via connecting
traces on opposite sxdes of a substrate.

Fig.2isa cross-sectlonal side view taken along the line 2-2 of Fig. 1.

Fig. 3 is an isometric view illustrating an embc_ndn_ncnt of a pair of vias
connecting overlapping traces on opposite sides of a substréte.

Fig. 4 is a cross-sectional side view taken along the line 4-4 of Fig. 3.

Fig.5isa plan view 1llustratmg an embodlment of a via having a generally
circular shape. '

Fig.6isa plan view illustrating an embodlment of avia havmg a generally
circular shape and having an opening in one surface of a substrate offset from an
opening in an oppbsite surface of the substrate.

' Fig.7isa plan. view illustraﬁng an embodiment of a via having a generally
oblong shape. |
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Fig. 8 is a plan view illustrating an embodiment of a via having a generally
oblong shape anfl having an oblong opening in one shitfde of a substrate extending in
a first direction, and an oblong opening in an opposite surface of the substrate
extending in a second direction.

Fig. 9 is a cross-sectional side view illustrating an embodiment of a via baving
an opening in one surface of a substrate, and another opening in an opposite surface of
the substrate, such that the openings intersect at a non mid-region of the substrate.

Fig. 10 is a diagraromatic view illustrating an embodiment of a flow chart
including steps used in forming conductive vias in a flexible substrate.

Detailed Description of the Preferred Embodiment
A double-sided flexible circuit is illustrated in Figs. 1 and 2 and is generally

designated 10. Circuit 10 is formed on a flexible non-conductive thin-film substrate
12 having a first surface 14 and a second surface 16. Substrate 12 is formed of an
electrically insulating material such as a polymeric film, and is preferably a polyimide
film suitable for wet etching (discussed below). A first electrically conductive trace
18 is formed on a first surface 14 and a second electrically conductive trace 20 is
formed on second surface 16. A passage or via 22 is formed to extend through
substrate 12 from an end 18a of first trace 18 to an end 20a of second trace 20. Via
22 bas a substantially hourglass shaped side wall 24, which is formed by
simultaneously wet etching substrate 12 from first surface 14 and second surface 16.
The via 22 includes a first beveled opening 26 in first surface 14 and a second beveled
opening 28 in second surface 16. The opening 26 and 28 are of a first size designated
S1, and converge toward a mid-region M of substrate 12 where they are
interconnected by an aperture 30 of a second size S2, less than the first size S1. An
electrically conductive surface 32 is formed on sidewall 24 for electrically
interconnecting first trace 18 and second trace 20.

In Figs. 3 and 4, substrate 112 includes a first surface 114 and an opposite
surface 116. A first trace 118a is formed on first surface 114 and a second trace 120a
is formed on second surface 116. A via 122a is formed to extend through substrate
112 between trace 118a and trace 120a. Trace 118a extends in a direction designated
A, and second trace 120a extends in a direction designated B. Another trace 118b is
formed on first surface 114 and a further trace 120b is formed on second surface 116.
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A via 122b is formed to extend through substrate 112 between trace 118b and trace
120b. Trace 118b extends in a direction designated C and frace 120b extends in a
direction designated D. In this manner, traces on oppo:_siteﬁ substrate surfaces can form
a criss-cross pattern. Both vias 122a and 122b are the.sa'n'_:ie_and therefore only via
122a is further described. Via 122a includes an hourgiass'; shaped sidewall 124 which
is formed by a bew)’eled_ opening 126 in first surface 114 and a second beveled opening
128 in second surface 116. The openings 126 and 128°are of the first size S1 and

" converge toward the mid-region M of substrate 112 where they are interconnected by

an aperture 130 of the second size S2. An electrically conductive surface 132 is
formed on sideWall 124 for electrically interconnecting trace 118a and trace 120a.
Referrmg again to Fig. 2, the beveled openings 26 and 28 gradually slope

| 'relatlve to their respectlve surfaces 14 and 16 atan angle de31g11ated a, see also Fig.

4. Angleaisin the range of from 20 degrees to 75 degrees, and is preferably in the
range of from 20 degrees to 35 degrees Opemng 26 opemng 28, and aperture 30,
Fig. 2 have a common centtoldal axis, as does opemng 126 opemng 128, and aperture

" 130, F1g 4.

The vias descnbed above may be of various shapes and sizes. For example,

- via22, Fig. 5,isa generally cnrcular shaped opemng mcludmg an aperture 30.

20

25

30

Alternatively, a via 222 Flg 6 may include a circular shaped opening 226 and an
opposite circular shaped openmg 228 which have ax1ally oﬁ'set centroidal axes 226a
and 228a, respectlvely In another embodlment avia 322 Fi 1g 7, includes a generally
oblong shaped opening 326 including an aperture 330 Alternatlvely, avia422, Fig. 8
may include an obl_ong shaped opening 426 and an opposn’ge oblong shaped opening

" 428, such that the oblong shape of opening 426 extends in a first direction designated

F1, and the oblong shape of opening 428 extends in a Seeond direction designated F2,

which is skewed at a 90 degree angle relative to the direoti_on designated Fl.

In a further embodiment, Fig. 9, a substrate 512 includes a first surface 514
and a second opposite surface 516. A via522hasa substantially hourglass shaped
side wall 524 which is formed by mmultaneously wet etchmg substrate 512 from first
surface 514 and second surface 516. The via 522 includes a first beveled opening 526
in first surface 514 and a second beveled opening 528 in second surface 5§16. The
openings 526 and _528 converge toward each other where they are interconnected by
an aperture 530. However, aperture 530 is not formed at 'mid-region M, but is formed
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closer to second surface 516 than to first surface §14. This can be accomplished by
either beginning#hé_.’étch of opening 528 at a delayed.tihié after the etch of opening
526 has begun, or by using an etchant for forming opening 528, which has a lower
etch rate than the etchant used to form opening 526. As a further result, the beveled
openings 526 and 528 gradually slope relative to their respective surfaces 514 and
516, however, opening 526 slopes at an angle designated b, and opening 528 slopes at
an angle designated c. The angles b and ¢ are however, within the above-mentioned
ranges of from 20 degrees to 75 degrees, and preferably in the range of from 20
degrees to 35 degrees.

Figure 10 illustrates a method of fabricating conductive feedthroughs
preferably formed in a 2 metal layer flexible circuit according to the present invention
by a post-etch metallization process. A layer of photoresist is applied to each side of
a suitable flexible circuit dielectric layer. Preferably, the dielectric layerisa 1.0 to
2.0 mil thick polyimide such as the product sold under the name Dupont Kapton E.
Depending on the application, typical thickness for of the dielectric layer for flexible
circuits will be in the range of 1.0 mils to 4.0 mils. A positive or negative acting
photoresist can be used. The photoresist layer is imaged and then exposed to produce
a pattern defining where each feedthrough will be etched through the dielectric layer.
The dielectric layer is then etched from both sides in a wet etching process capable of
etching the dielectric layer in the exposed regions of photoresist, A feedthrough
having the profile shown in Fig. 4 could also be attained using a laser ablation
process, a dry etching process such as plasma etching, or a laser drilling. Laser
drilling, laser ablation, and plasma etching processes are well known in the art and
would also provide a suitable means of fabricating the desired feedthrough profile.

The minor and major diameters, S1 and S2, Fig. 4, respectively, of the
feedthrough in a flexible circuit dielectric substrate produced by wet etching are
significantly smaller than that attainable with prior art single side wet etching process.
For a desired minor diameter of 25 pm in a 2 mil thick dielectric substrate, the
calculated nominal major diameter S1 for an anisotropic wet etching process will be
roughly 125 pm. However, experimentation has found that the actual major diameter
S1 can be as low as 100 pm, It is believed that a2 nominal level of anisotropic
characteristics are being imparted by material property variations throughout the
thickness of the dielectric material.
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Following etching of the dielectric layer, the photoresist'is stripped and the
dielectric substrate is metallized. In a preferred metallization process, the dielectric
layer would first be coated with a metal oxide layer and then a thin conductive base
layer. The metal oxide layer is well known in the art to' i_n'érease’ adhesion of the
conductive base layer to the polymeric dielectric layer. Gr.fnerally, the metal for the
metal oxide layer will be selected from the group of metals including chromium, iron,
nickel, molybdenum, manganese, zirconium, or mixtures thereof. Chromium is the
preferred material. The conductive base layer is preferably copper although it may be
a material selected from the group of metals including aluminum, gold, tin and silver.
The methods for dépositing the metal oxide layer and tlié cbnductive base layer are
well known in the art. They include RF sputtering, jon beam sputtering, and
chemical vapor deposition. :

The formation of conductive feedthroughs is co_m_piétcd by applying a layer of
photoresist to each?side of the circuit substrate, exposing and developing the
photoresist to produce the desired pattern for the first side éircuit traces and the
desired pattern for the second side circuit trace patterns. ‘The substrate is then etched
to remove the exposed conductive base layer and metal oxide layer. As shown in
Figs. 1 and 3, the resulting circuit has traces on either side of the dielectric layer with -
now conductive feedthroughs connecting at least a portion of the traces on opposing
sides. The circuit may now be exposed to an electroplating process to provide a
thicker layer of conductive material on the metallized régibns. Other methods which
could aiso be used to include a pre-etch metallization process and an electroless
plating process. |

As it can be seen, the principal advantages of these embodlments are that the
structure of the circuit and via is improved by modifying the features which cause the
aforementioned problems in conventional circuits. These modified features alleviate
the problems associated with work hardening of the copper and the accumulation of
tensile forces. Thé heretofore abrupt transition of the dopper over the lip of the via
(i.e. the 90 degree angle) is modified to be much more gradual. As a result, the
flexing of the copp.er which causes the work hardening, is spread over a greater area,
and the total angle of flexure, at any point, is greatly reduced. Thus, stress in the

copper is reduced and the life of the circuit and via is extended. Also, the number of

-8-



10

15

20

25

30

WO 00/10370 PCT/USS9/00942

vias in a given area is substantially increased enabling a greater number of I/O’s.
Further, a more Mrm metallization of wnducﬁve;sprgces in the vias is possible.

Asa resﬁlt, one embodimént provides a flexible circuit comprising a flexible
non-conductive substrate having a first surface and a second surface. A first
electrically conductive trace is provided on the first surface and a second electrically
conductive trace is provided on the second surface. A via extends through the
substrate from the first trace to the second trace. The via has a substantially hourglass
shaped side wall which substantially converges between the first surface and the
second surface. An electrically conductive surface is provided on the passage for
electrically interconnecting the first trace and the second trace.

Another embodiment provides a flexible circuit including a via extending
through the substrate from an end of the first trace to an end of the second trace. The
via includes a first beveled opening of a first size formed in the first surface and a
second beveled opening of the first size formed in the second surface. The first and
second openings are interconnected by an aperture of a second size, less than the first
size. An electrically conductive surface is provided in the via for interconnecting the
first trace with the second trace.

Another embodiment provides a method of forming a double-sided flexible
circuit which includes forming a first electrically conductive trace on a first surface of
a non-conductive flexible substrate. A second electrically conductive trace is formed
on a second surface of the substrate. A via is formed to extend through the substrate
from the first trace to the second trace. The via is shaped with a substantially shaped
side wall, and an electrically conductive surface is formed on the side wall for
electrically interconnecting the first trace and the second trace.

Another embodiment provides a method of forming a double-sided flexible
circuit which includes forming a first electrically conductive trace on a first surface of
a polymeric film. A second electrically conductive trace is formed on a second
surface of the polymeric film. The film is wet etched simultaneously from both sides
to form a via through the film. The via has a first beveled opening in the first surface
and a second beveled opening in the second surface so that the first and second
openings converge to define an interconnecting opening between the first and second
surfaces of the film. An electrically conductive surface is formed in the via for
electrically interconnecting the first trace and the second trace.

9.
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A further embodiment provides a double-sided flexible circuit including a thin
film substrate formed of a matetial suitable for a wet etch applied simultaneously to a
first surface and a second surface of the substrate to form a via through the substrate.
A first electrically conductive trace is provided on the first surface and a second
electrically conductive trace is provided on the second surface. The via includes a
first beveled opening of a first size formed in the first surface and a second beveled
opening of the first size in the second surface. The first and second openings are
interconnected by an aperture of a second size, less than the first size. An electrically
conductive surface is provided on the via for electrically interconnecting the first trace
and the second trace. o

Although illustrative embodiments have been shown and described, a wide

range of modifications, change and sub_stitution is contemplated in the foregbing

" disclosure and in some instances, some features of the _embo_diments may be

employed without a cori'espoxidin"g'use of other features. Accdrdingly, itis
' appropnate that the appended claims be construed broadly and in a manner consistent
with the scope of the embodiments d:sclosed herein.
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‘What is claimed is:
3int . . aie
1. A flexible circuit comprising:

a flexible non-conductive substrate having a first surface and a second surface;

a first electrically conductive trace on the first surface and a second
electrically conductive trace on the second surface;

a passage extending through the substrate from the first trace to the second
trace, the passage having a substantially hourglass shaped side wall which
substantially converges between the first surface and the second surface; and

an electrically conductive surface on the passage for electrically
interconnecting the first trace and the second trace.

2. The flexible circuit as defined in claim 1 wherein the non-conductive

substrate is a material suitable for wet etching to form the passage therethrough.

3. The flexible circuit as defined in claim 1 wherein the sidewall of the
passage includes a first portion gradually sloped into the first surface, and a second
portion gradually sloped into the second surface for converging at a mid-region
between the first and second surfaces.

4. A flexible circuit according to claim 1 comprising:

a flexible substrate formed of an electrically insulating material having a first
surface and a second surface;

a first electrically conductive trace on the first surface and a second
electrically conductive trace on the second surface;

a passage extending through the substrate from an end of the first trace to an
end of the second trace, the passage including a first beveled opening of a first size
formed in the first surface, and a second beveled opening of the first size formed in
the second surface, the first and second openings being interconnected by an aperture
of a second size, less than the first size; and

_ an electrically conductive surface on the passage for electrically
interconnecting the first trace and the second trace.
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5. The flexible circuit as defined in claim 4 wherein the insulating
material is suitable for a wet etching to form the passage therethrough.

6. The flexible circuit as defined in claim 5 wherein the first beveled
opening is gradually sloped into the first surface and the second beveled opening is

gradually sloped into the second surface so that the first and second beveled openings
intersect at the aperture.

7. The flexible circuit as defined in claim 6 wherein a centroidal axis of
the first bevéled opening coincides with a centroidal axis of the second beveled

opening and a centroidal axis of the aperture.

8. The flexible circuit as defined in claim 6 wherein a centroidal axis of
the first beveled opening is offset from a centroidal axis of the second beveled

opening.

9. The flexible circuit as deﬁned in claim 6 wherein the first beveled

_opening is oblong and extends in a first direction and the second beveled opening is

oblong and extends in a second direction, different from the first direction.

10.  The flexible circuit as defined in claim 6 wherein the aperture is
positioned from the first surface_ at a first distance, and is positioned from the second
surface at a second distance greater than the first distance.

11.  The flexible circuit as defined in claim 6 wherein the first and second

openings are beveled at a angle from the first and secoxid surfaces, respectively, the
angle being from 20 degrees to 75 degrees.

12.  The flexible circuit as defined in claim 6 wherein the first opening is
beveled at a first angle from the first surface; and the second opening is beveled at a

second angle from the second surface, the first angle being different from the second
angle. -



