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(57) Abrégée/Abstract:

A thick film circuit with a perimeter anchored thick film pad is provided. The thick film circuit includes a base substrate, a thick film
bonding pad, and a solder mask layer. The thick film bonding pad is formed on the surface of the base substrate. The solder mask
layer Is also formed on the surface of the base substrate, and overlaps a portion of the thick film bonding pad in order to improve
adhesion between the thick film bonding pad and the base substrate.
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ABSTRACT
A thick film circuit with a perimeter anchored thick film pad is provided. The fhick film
circuit includes a base substrate, a\thick film bonding pad, and a solder mask layer. The thick
film bonding pad is formed on the surface of the base substrate. The solder mask laver is also
formed on the surface of the base substrate, and overlaps a portion of the thick film bonding pad

in order to improve adhesion between the thick film bonding pad and the base substrate.
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Perimeter Anchored Thick Film Pad

BACKGROUND
1. FIELD OF THE INVENTION
This invention relates generally to the fields of thick film and hybrid circuit fabrication.
More particularly, the invention provides a perimeter anchored thick film pad that is especially

well suited for use in a hybnd circuut.

2. DESCRIPTION OF THE RELATED ART

Hybnd circuits utilizing thick film technology are well known. A thick film circuit is
fabricated by patterning conductive, resistive and/or dielectric paste materials onto a ceramic
substrate 1n order to form thick film conductors, and possibly also to form passive circuit
components, such as resistors and capacitors. The thick film materal generally\ includes a
functional component that determines 1ts electrical properties, a binder component that provides
adhesioﬁ between the thick film matenal and the ceramic substrate, and a vehicle to establish
printing charactéristics. Typically, the thick film paste i1s patterned on the ceramic substrate,
dried to evaporate the solvents from the printed film, and fired in an oven. A hybrid circuit may
then be fabricated by soldering conventional electronic components (active or passive) to thick
ﬁlm bonding pads printed on the substrate with conductive thick film materials.

The functibnal component in conductive thick film matenals is typically a fine metal
powder, such as copper (Cu), gold (Au), silver (Ag), palladium-silver (PdAg), platinum-silver
(PtAg), palladium-gold (PdAu), or platinum-gold (PtAu). Bonding pads and circuit traces are
typically patterned from such thick film materials by screen printing the conductive metalic paste

onto a ceramic substrate, although other patterning methods are also used, such as spin coating or
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a combination of screen printing and wet chemical etching. A solder mask layer is then typically
added to cover the conductive traces and separate adjacent bonding pads. The solder mask layer
1s generally screen printed 1n a pattern onto the ceramic substrate and cured, leaving an area of
bare substrate between the solder mask layer and the thick film bonding pads. In this manner,
the thick film pads are left entirely uncovered by the solder mask layer, and may be coated with a
layer of solder by immersing the entire circuit into a solder bath. Because the solder mask layer:
typically covers everything but the bonding pads, the pads may be coated with solder without
causing solder shorts between adjacent pads and traces. A hybrd circuit may then be formed by
aligning the connection terminals of a surface-mount component onto the bonding pads, and
reflowing the solder layer to form solder joints between the thick film pads and connection
terminals.

As surface-mount components and hybrid circuits are made increasingly smaller and
more compact, thick film bonding pads must also be made smaller and positioned at a tighter
pitch. Decreasing the size of a thick film bonding pad, however, typically results in less’
adhesion between the pad and the ceramic substrate. The level of adhesion between the bonding
pad and substrate is commonly referred to by those skilled in the art of thick film and hybrid
circuit fabrication as peel strength. The peel strength of a thick film bonding pad is typically
affected by the size of the pad and by thermal stress induced during the fabrication process. In
addition, soldering electronic components to the thick film bonding pads causes additional

thermal stress, which further reduces the peel strength, and commonly results in mechanical

failure of the bonding pad.
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SUMMARY
A thick film circuit with a penimeter anchored thick film pad 1s provided. The thick film
circuit includes a base substrate, a thick film bonding pad, and a solder mask laver. The thick
film bonding pad 1s formed on the surface of the base substrate. The solder mask layer 1s also
formed on the surface of the base substrate, and overlaps a portion of the thick film bonding pad

in order to improve adhesion between the thick film bonding pad and the base substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1s a perspective view of a thick film circuit with a perimeter anchored thick film
bonding pad; and

Fig. 2 1s a schematic view of the thick film bonding pad shown in Fig. 1.

DETAILED DESCRIPTION

Referring now to the drawing figures, Fig. 1 is a perspective view of a thick film circuit
10 with a perimeter anchored thick film bonding pad 12. The circuit 10 includes a base ceramic
substrate 14, the thick film bonding pad 12, a solder mask layer 16, a solder layer 18, and a filled
thru hole 20. The base substrate 14 is preferably composed of alumina (Al;O3), but may also be
composed of other thermally conductive dielectric materials, such as aluminum nitride (AIN) or
berylha (BeO). The thick film bonding pad 12 is preferably a cured thick film metalic paste
formed from a copper (Cu) powder, but may also be formed from other conductive materials,
such as gold (Au), silver (Ag), palladium-silver (PdAg), platinum-silver (PtAg), palladium-gold

(PdAu), or platinum-gold (PtAu). The solder mask layer 18 may be formed from any known
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solder resist material commonly used by those skilled in the art of thick film and hybrid circuit
fabrication. The filled thru hple 20 may be included in order to couple the thick film pad 12 td
additional layers of the circuit 10, or possibly to conductive traces or components attached to the
other side of the substrate 14.

The thick film bonding pad 12 1s preferably printed to the base ceramic substrate 14 and
cured by drying and firing the thick film paste. The thick film material may be patterned on the
base substrate 14 uéing known screen printing techniques, or, alternatively, may be patterned
using other known methods such as a combination of screen printing and wet chemical etching.
Similarly, the solder mask layer 16 is patterned and cured on the base ceramic substrate 14 such
that the solder mask layer 16 extends slightly beyond the perimeter of the thick film bonding pad
12. The solder mask layer 16 may be deposited on the base substrate 14 by screen printing a
solder resist material onto the base substrate 14 in a pattern that overlaps the edges of the thick
film bonding pad 12 as illustrated in both Figs. 1 and 2. Preferably, the solder mask layer 16
extends around the entire perimeter of the thick film bonding pad 12, such that the interface
between the thick film pad 12 and the base substrate 14 is completely covered by solder mask 16.
Then, the exposed surface of the thick film bonding pad 1s preferably coated with a layer of
solder 18 in order to enable an electronic éomponent to be soldered to the pad 12 using any
known surface mounting technique, such as vapor phase reflow soldering.

The solder layer 18 covering the surface of the thick film bonding pad 12 is typically
formed by immersing the entire circuit 10 in a solder bath, but may be formed by other known
methods. Immersing the circuit 10 in a solder bath causes solder to adhere to any exposed
metalic surfaces. Without a solder mask layer 16 printed between adjacent thick film pads 12

and covering thick film conductive traces, the solder bath would cause shorts to form between
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the tightly aligned pads 12 and traces oﬁ a typical thick film circuit. It 1s, therefore, important in
the fabrication of a fine pitch thick film circuit 10 to ensure that the solder mask layer 16
separates adjacent thick film bonding pads 12. This need for a minimum amount of solder mask
16 between adjac‘ent bonding pads 12 limits the mimimum pitch that may be achieved between
adjacent thick film bonding pads 12. However, by overlapping the solder mask layer 16 sh ghtly
beyond the outer perimeter of the thick film bonding pads 12, the pitch of the thick film circuit

10 may be reduced while maintaining a sufficient amount of solder mask 16 between adjacent

. bonding pads 12.

In addition, overlapping the solder mask layer 16 onto the thick film bonding pad 12
improves adhesion between the thick film pad 12 and the base substrate 14 for at least two
reasons. First, the overlapping solder mask 16 physically anchors the bonding pad 12 to the
ceramic substrate -14. Second, the solder mask layer 16 prevents localized access to the interface
between the thick film bonding pad 12 and the base ceramic substrate 14, and thus feduces the
formation of mechanically weak compounds at this critical interface. In particular, the binder
material 1 a thick film pad 12 (typically oxides and glasses) can combine with solder 18
(typically Pb/Sn) to weakening the bond between the thick film pad 12 and the substrate 14. By
extending the solder mask layer 16 over the perimeter of the thick film bonding pad 12, however,
the solder layer 18 is isolated from the base substrate 14, and the peel strength of the thick film
bonding pad 12 is significantly improved. -

F1g. 2 1s a schematic view 30 of the thick film bonding pad 12 shown in Fig. 1. The
schematic view 30 shows the perimeter 32 of the thick film bonding pad 12 as a dotted line, the
solder layer 18 as a solid block within the perimeter of the thick film bonding pad 12, and the

overlapping solder mask 34 as the area between the solder layer 18 and the perimeter of the thick
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film bonding pad 12. This schematic view 30 1llustrates that the solder mask layer 16 preferably
overlaps the thick film pad 12 around its entire perimeter 32. The solder layer 18 is thus
preferably isolated in the center of the thick film bonding pad 18. The surface area of the solder
layer 18 should be large enough to allow a surface-mount component to be accurately aligned
and bonded to the thick film bonding pad 12. The amount of overlap 34 of the solder mask 16
onto to the thick film pad 12 should, therefore, be small enough to retain a sufficiently large
surface area for the solder layer 18, but large enough to prevent the solder layer 18 from
contacting the edge of the thick film pad 12.

The embodiments described herein are examples of structures, systems or methods
having elements corresponding to the elements of the invention recited in the claims. This
written description may enable those skilled in the art to make and use embodiments having
alternative elements that likewise correspond to the elements of the invention recited in the
claims. The intended scope of the invention thus includes other structures, systems or methods
that do not differ from the literal language of the claims, and further includes other structures,

systems or methods with insubstantial differences from the literal language of the claims.
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We claim:

1. A thick film circuit, comprising:

a base substrate having a surface;

a thick film bonding pad formed on the surface of the base substrate; and

a solder mask layer formed on the surface of the base substrate and overlapping a portion
of the thick film bonding pad in order to improve adhesion between the thick film bonding pad

and the base substrate.

2. The thick film circuit of claim 1, wherein the base substrate is a ceramic substrate.

3. The thick film circuit of claim 1, wherein the base substrate is comprised of alumina

(Al; O3).

4. The thick film circuit of claim 1, wherein the base substrate is comprised of aluminum
nitride (A1N).

J. The thick film circuit of claim 1, wherein the base substrate is comprised of beryllia
(BeO).

6. The thick film circuit of claim 1, wherein the base substrate is a glass ceramic substrate.
7. The thick film circuit of claim 1, wherein the base substrate comprises a dielectric thick

film layer formed on an alumina (A1, O3) layer, wherein the thick film bonding pad and solder

mask layer are formed on a surface of the dielectric thick film layer.
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8. The thick film circuit of claim 1, wherein the thick film bonding pad is Comprised of copper

(Cu).

9. The thick film circuit of claim 1, wherein the thick film bonding pad 1s comprised of gold

(Au).

10. The thick film circuit of claim 1, wherein the thick film bonding pad is comprised of silver

(Ag).

11. The thick film circuit of claim 1, wherein the thick film bonding pad is comprised of

palladium-silver (PdAg).

12. The thick film circuit of claim 1, wherein the thick film bonding pad i1s comprised of

platinum-silver (PtAg).

'13. The thick film circuit of claim 1, wherein the thick film bonding pad is comprised of

palladium-gold (PdAu).

14. The thick film circuit of claim 1, wherein the thick film bonding pad is comprised of

platinum-gold (PtAu).
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15. The thick film circuit of claim 1, wherein the thick film bonding pad 1s defined by a

perimeter and the solder mask layer overlaps substantially the entire perimeter of the thick film

bonding pad.

16. The thick film circuit of claim 15, further comprising:
a solder layer formed on the thick film bonding pad, wherein the overlapping solder mask

layer prevents the solder layer from contacting the interface between the thick film bonding pad

and the base substrate.

17. The thick film circuit of claim 16, wherein the solder layer i1s comprised of a lead-based

material.

18. The thick film circuit of claim 16, wherein the solder layer is comprised of a lead-tin alloy

(PB/Sn).

19. The thick film circuit of claim 1, wherein the thick film bonding pad is formed on the

surface of the base substrate by thick film screen printing.

20. The thick film circuit of claim 1, wherein the thick film pad 1s formed on the surface of the

base substrate by a combination of thick film screen printing and wet chemical etching.

21. The thick film circuit of claim 1, further compnsing:
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a plurality of thick film bonding pads arranged in a land grid array (LGA), wherein the
solder mask layer overlaps a portion of each of the thick film bonding pads in order to improve

adhesion of the plurality of thick film bonding pads to the base substrate.

22.  The thick film circuit of claim 21, wherein one or more electronic components are

coupled to the plurality of thick film bonding pads to form a hybrid circuit.

23. A method of improving adhesion of a thick film bonding pad to a base substrate in a thick
film circuit, comprising the steps of:

forming the thick film bonding pad on a surface of the base substrate; and

forming a solder mask layer on the surface of the base substrate such that the solder mask
layer overlaps a portion of the thick film bonding pad in order to improve adhesion between the

thick film bonding pad and the base substrate.
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