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A FLEXIBLE CIRCUIT wrm CONDUCTIVE VIAS AND A METHOD OF MAKING 

Background of the Invention 

The disclosures herein relate generally to flexible circuits and more 

5 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 

JO requirement for increased number of inputs and outputs (110) 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. 

15 Double sided circuits typically are fabricated by forming a conductive pattern 

on opposing sides of a planar 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 

20 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 fonning methods include mechanically punching, drilling, laser 

ablation, chemical (wet) or plasma etching. These methods have been commonly 

25 used to fonn 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 

30 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 vi~. Common via shapes, with high aspect ratios, serve to both-· 

generate and accelerate the accumulation and concentratio11 of the forces which 

5 induce stress into the surrounding circuit features. This induced stress often causes 
: . . ' 

premature brittle cracking and failure of the metallic conductors and or causes the 

conductors to del~ate from the diel~ctric. Many CQilventional methods have been 

tried in the efforts to eliminate these types of stress failure~. Some of these methods 

are described or referenced in U.S. Patent 5,288,541. 

10 Although tnany methods exist w;hich ·attempt to elhninate stress failures, they 
: ·. . 

have had only limited 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. Conventional.via shapes do not successfully alleyiate the effects ofZ-axis 

movement of the materials used in the construction of the yias. Movement in the Z-

15 direction is distinctly different for·alI of the materials used in the construction of 

double sided circuits and vias, and this mismatch of the physical properties of these 
. ' .· 

materials is the source of the stress, often severe, which in turn causes the circuit to 

fail. 

Copper is the most common conductive metal used as the electrical 

20 feedthrough in the via. Copper has a well known thermal coefficient 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 materials are polyimide, FR4, BT 
,· . 

resin, etc. Polyimide is typical of these dielectric materials in that there are many 

25 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 sided circuits are in the ranges of 120 to 140 ppm/°C. Therefore, 

this substantial difference in the thermal coefficients of expansion of copper and 

polyimide can cause extremely high stresses in and around the via, especially at the 

30 90 d~gree angle where the via sidewall intersects the opposite surfaces of the 

dielectric material. These stresses are 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 at a 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~ng. Finally, the copper cracks an\! IUptures at the 90 degree angle 

and the circuit fails mechanically and electrically. 

Although mismatches of thermal expansion coefficients in the Z direction are 

5 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. 

10 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. 

15 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 to the conductivity of doped silicone, the feedthroughs must be 

electrically isolated from each other by applying a layer of dielectric material within 

20 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 

25 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 pennit aspect rations attainable with an ODE etching 

process. 

Therefore, what is needed is a flexible circuit suitable for flip chip and wire 

30 bond.applications having high I/O~s. Moreover, the need for methods of 

manufacturing a ±lexible circuit which is capable of meeting increased I/O 

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 electrically conductive via in a dielectric subsfyate which separates 

opposing conductive layers of a circuit. The conductive vi~ provide a feedthrough to 

5 link the opposing conductive layers and conduct an electrical signal from one 

conductive layer to the other. To this end, a flexible circuit includes 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 passage extends through the substrate from 

10 the first trace to the second trace. The passage has an hourglass shaped sidewall 

which substantially converges between the first and second surfaces, and includes an 

electrically conductive surface for electrically interconnecting the first trace and the 

second trace. 

A principal advantage of this embodiment is that the number of vias in a given 

15 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. 1 is an isometric view illustrating an embodiment of a via connecting 

20 traces on opposite sides of a substrate. 

Fig. 2 is a ~ross-sectional side view taken along the line 2-2 of Fig. 1. 

Fig. 3 is an isometric view illustrating an embodiment of a pair of vias 

connecting overlapping traces on opposite sides of a substr:ate. 

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

25 Fig. 5 is a plan view illustrating an embodiment 9f a via having a generally 

circular shape. 

Fig. 6 is a plan view illustrating an embodiment of a via having a generally 

circular shape and having an opening in one surface of a substrate offset from an 

opening in an opposite surface of the substrate. 

30 Fig. 7 is a plan view illustrating an embodiment of a via having a generally 

oblong shape. 
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Fig. 8 is _a plan view illustrating an embodime:ri.t of a via having a generally 

oblong shape an~lhll\ring an oblong opening in one i!nflce of a substrate extending in 

a first direction, and an oblong opening in an opposite surface of the substrate 

extending in a second direction. 

5 Fig. 9 is a cross-sectional side view illustrating an embodiment of a via having 

10 

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. I 0 is a diagrammatic 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. l 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 

15 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 has a substantially hourglass shaped side wall 24, which is formed by 

20 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 

S 1, 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 SI. An 

25 electrically conductive surface 32 is fonned 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 

30 112 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 trace 120b extends in a 

direction designated D. In this·manner, traces on opposite; substrate surfaces can form 

a criss-cross pattern. Both vias 122a and 122b are the same and therefore only via 

5 122a is further described. Via 122a includes an hourglass:shaped sidewall 124 which 

is fonned by a beveled opening 126 in first surface 114 and a second beveled opening 

128 in second surface 116. The openings 126and128:are'ofthe first size SI 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 

10 fonned on sidewall 124 for electrically interconnecting ti-ace ·118a and trace 120a. 

Referring again to Fig. 2, the beveled openings 26 and 28 gradually slope 

relative to their respective surfaces 14 and 16, at an ~gle designated a, see also Fig. 

4. Angle a is in the range offrolll 20 degrees to 75 degre~s, and is preferably in the 

range of from 20 degrees to 35 degrees. Opening 26, operiing 28, and aperture 30, 

15 Fig. 2 have a common centroidal ax.is, as does opening 126, opening 128, and aperture 

, 130, Fig. 4. 

The vias d~cribed above :nlay be of various sruipes and sizes. For example, 

via 22, Fig. 5, is a generally circular shai>ed opening in~luding an aperture 30. 

Alternatively, a Via 222~ Fig. 6 may include a circular s~ed opening 226 and an 

20 . opposite circular shaped opening 228 which have axiaily offset centroidal axes 226a 
. . . : 

and 228a, respectively. In another embodiment, a via 32~; Fig. 7, includes a generally 

oblong shaped opening 326 including an aperture 330. Alternatively, a via 422, Fig. 8 

may include an oblong shaped opening 426 and an opposite oblong shaped opening 

428, such that the 6blong shape of opelling 426 extends in a first direction designated 

25 Fl, and the oblong shape of opening 428 extends in a second direction designated F2, 

which is skewed at a 90 degree angle relative to the direction desigriated Fl. 

In a further embodiment, Fig. 9, a substrate 512 includes a first surface 514 
. . 

and a second opposite surface 516. A via 522 has a substantially hourglass shaped 

side wall 524 which is formed by simultaneously wet etching substrate 512 from first 

30 surf~ce 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 516. The 

openings 526 and 528 converge toward each other where they are intereonnected 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 514. This can be accomplished by . . . 

either beginning~:~h of opening 528 at a delayed .tfuJe 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 

5 openings 526 and 528 gradually slope relative to their respective surfaces 514 and 

516, bowevert opening 526 slopes at an angle designated b, and opening 528 slopes at 

an angle designated c. The angles b and c 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. 

l 0 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 layer is a 1.0 to 

2.0 mil thick polyimide such as the product sold under the name Dupont Kapton E. 

15 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 

20 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 feedtbrough profile. 

25 The minor and major diameters, SI and 82, 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 µm in a 2 mil thick dielectric substrate, the 

calculated nominal major diameter S 1 for an anisotropic wet etching process will be 

30 rou~ly 125 µm. However, experimentation has found that the actual major diameter 

S 1 can be as low as 100 µm. It is believed that a 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' increase adhesion of the 

· 5 conductive base layer to the polymeric dielectric layer. oCnerally, the metal for the 

metal oxide layer Will be selected from the group of metals including chrOmium, iron, 

nickel, molybdenum, manganese, zirconium, or mixtures thereot: 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. 

10 The methods for depositing the metal oxide layer and the conductive base layer are 

well known in the art. They include RF sputtering~ ion beam, sputtering, and 

chemical vapor deposition. 

The formation of conductive feedthroughs is completed by applying a layer of 

photoresist to each•side of the circuit substrate, exposing and developing the 

· 15 photoresist to prodµce the desired pattern for the first side circuit 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. 1and3, 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 

. 20 sides. The circuit may now be exposed to an electroplating process to provide a 

thicker layer of conductive material on the metallized regions. Other methods which 

could also be used to include a pre-etch metallization process and an electroless 

plating process. 

As it can be seen, the principal advantages of these embodiments are that the 

25 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 accumwation of 

tensile forces. The heretofore abrupt transition of the copper over the lip of the via 

(i.e. the 90 degree angle) is modified to be much more gradual. As a result, the 

30 flexing of the copper which causes the WGrk 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 
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vias in a given area is substantially increased enabling a greater number of I/O's. 

Further, a morePfpnn metallization of conductive;~+es in the vias is possible. 

As a result, one embodiment provides a flexible circuit comprising a flexible 

non~conductive substrate having a first surface and a second surface. A first 

5 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 

10 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 fonned in the first surface and a 

second beveled opening of the first size formed in the second surface. The first and 

15 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 

20 a non-conductive flexible substrate. A second electrically conductive trace is fonned 

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 fonned on the side wall for 

electrically interconnecting the first trace and the second trace. 

25 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 fonned on a second 

surface of the polymeric film. The film is wet etched simultaneously from both sides 

to fonn a via through the film. The via has a first beveled opening in the first surface 

30 and a second beveled opening in the second surface so that the first and second 

openings converge to defme 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. 
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A further embodiment provides a double-sided flexible circuit including a thin 

film substrate fonned of a mate~al suitable for a wet etch applied simultaneously to a 

first surface and a second surface ·of the substrate to fonn a via through the substrate. 

A first electrically conductive trace is provided on the first surface and a second 

5 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 

I 0 and the second trace. 

Although illustrative embodiments have been shown 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 

em.ployed without a corresponding use of other features. Accordingly, it is 

· 15 appropriate that the appended claims be construed broadly and in a manner consistent 

with the scope of the embodiments diselosed herein. 
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What is claimed is: 

i.l.~ -,.~ ~- ~-~ J ~ r 
1. A'fleiible 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 

5 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 

10 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 

15 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 fonned of an electrically insulating material having a first 

surface and a second surface; 

20 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 

25 the second surface, the first and second openings being interconnected by an aperture 

of a second siz.e, 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 

5 gradually sloped into the second surface so that the first and second beveled openings 

intersect at the aperture. 

10 

7. The flexible circuit as defined in claim 6 wherein a centroidal axis of 

the first beveled 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 

opemng. 

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 

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

10. The flexible circuit as defmed 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 

20 openings are beveled at a angle from the first and second 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 8econd surface, the first angle being different from the second 

25 angle. 

-12-


