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(57) Abstract: A high frequency device packing method and package are described wherein coaxial structures are formed from the
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HIGH FREQUENCY DEVICE PACKAGES AND METHODS

Field of the Invention

This invention relates generally to a method for fabricating high frequency device
packages and high frequency packages and in particular to a method for fabricating a high

frequency package having coaxial vias and coaxial leads.

Background of the Invention

As electronic devices and components are operating at higher and higher speeds and
increasing frequency ranges, the packaging of the devices becomes an increasing cause of
performance degradation. Therefore it is customary to mount semiconductor devices that
operate at microwave frequencies directly onto the circuit substrate. This mounting process
requires wire bonding or solder-bump mounting. These bonding and mounting techniques
have several drawbacks and limitations. For example, the mounting substrate must be rigid
for precise mounting and bonding, but such rigid substrates are expensive when large areas
are included. In addition, the cost of the microwave device package is further increased due
to low wire bond yields, If inverse-die solder bump mounting is used, it may require air
cavities trenched onto the substrate to minimize radio frequency (RF) effects on the die
circuitry. These trenches, however, are difficult to manufacture. Furthermore, the added
inductive reactance of the bond wires requires precise mounting and manual adjustment for
repeatable performance. The bond wires also radiate energy causing undesirable energy

losses and undesirable cross talk.

There is clearly a need to package such high frequency devices in a surface mount
package that can be machine picked and placed onto a printed circuit board. Typically, the
interconnections on a printed circuit can maintain controlled impedance and critical
connections can be shielded using ground planes and multi layered techniques. It is desirable,
however, also to maintain controlled impedance throughout the integrated circuit (IC)
package itself. For example, US Patent 5,323,533 to Christian Val (the ‘533 Patent) discloses
a surface-mounted package whose wire bonds and leads have controlled impedance and a

coaxial structure. However, the packaging described in the ‘533 Patent still has some
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limitations in high-frequency applications. In particular, a bond wire connects the electric
component to a pad on the package periphery in the ‘533 Patent. That pad in turn extends to
become the center lead of the package. It is difficult to maintain constant impedance along
the bond-wire to pad transition. In addition, it is also difficult to completely shield this
connection and it is difficult to maintain the mechanical precision of spacing between those
leads, as each lead is extended separately from the main package and those leads tend to bend

with mechanical stress of temperature changes.

Thus, it is desirable to provide a high frequency packaging method and high frequency

device package and it is to this end that the present invention is directed.

Summary of the Invention

The high frequency device package and packing method in accordance with the
invention addresses the above problems. The invention provides a device package with
coaxial via connections right through the base of the package. The via structures in the base
are precisely fabricated based on photolithography or similar Micro System Technology
(MST) techniques well known and currently available in the semiconductor and printed
circuit industries. In accordance with the invention, rather than connecting a wire bond to a
pad, a wire bond goes directly to the center pin of the coaxial via. The invention includes a
method for maintaining the impedance along the entire signal route. An added benefit of this
invention is the high density of connections that are feasible by the ability to arrange the
coaxial via holes in a two dimensional array, similar to existing ball grid array packages. In
accordance with the invention, this package is suitable for high speed digital applications at

multi-GHz switching rates.

Thus, in accordance with the invention, an electrical component package is provided
that comprises a substantially flat base to accommodate one or more electrical components on
its surface and one or more coaxial vias formed in the base for input/output of electrical
signals from the electrical component. In accordance with another aspect of the invention, a
structure is provided. The structure has an electrical device having at least one conductive
pad and a base material to which the electrical device is mounted wherein the base has at least

one coaxial via. The structure further comprises a micro-coaxial wire connecting said pad to
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a conductor in said coaxial via to provide a coaxial signal path from the electrical device to

the coaxial via.

In accordance with another aspect of the invention, a method of fabricating coaxial
electrical interconnections between a component and a coaxial via is described. In a first
step, a wire is placed between said component and a conductive portion of a coaxial via.
Next, a conformal coating is applied to the wire and the component with dielectric material.
Finally, the dielectric material is conformally coated with a conductive material to form
coaxial wires between the component and the coaxial via. In accordance with yet another
aspect of the invention, a method of fabricating a base structure with coaxial vias is provided.
The method comprises selectively etching an insulating material attached to a flat surface and
plating said etched insulating material with a conductive material to form a center conductor

for a coaxial via structure.

In accordance with yet another aspect of the invention, a high frequency component
package is provided. The package comprises a substantially flat base to accommodate one or
more electrical components on its surface and one or more via holes formed in the base to
permit signals from the electrical components to pass through the base. Each via hole further
comprises a central conductive contact area surrounded by an insulating material ring such
that the central conductive contact area, the insulating material ring around the central

conductive contact area and the base form a coaxial via connection.

In accordance with another aspect of the invention, a packaged high frequency device
is provided. The device comprises a substantially flat base having a high frequency device
bonded on its surface wherein the high frequency device has a plurality of bonding pads. The
device also has one or more via holes formed in the base to permit signals from the electrical
components to pass through the base wherein each via hole further comprises a central
conductive contact area surrounded by an insulating material ring such that the central
conductive contact area, the insulating material ring around the central conductive contact
area and the base form a coaxial via connection. The device also has one or more coaxial
bonding wires that connect the bonding pads of the high frequency device to the one or more
coaxial via holes in the base wherein each coaxial bonding wire further comprises a

conductive bonding wire and a conformal coating of insulating material that surrounds the
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conductive bonding wire so that the signals are carried by a coaxial structure from the device

out through the base.

Brief Description of the Drawings

Figure 1 shows a bottom view of a package base in accordance with the invention

having coaxial via connections;

Figure 2 shows a cross section of a package in accordance with the invention

containing coaxial via connections;

Figures 3A — 3D shows a cross sectional view of the process steps in accordance with

the invention to manufacture a package base with coaxial via holes;

Figure 4 shows a bottom view of a second embodiment of the package base in

accordance with the invention with via holes arranged in more than a single row;

Figure 5 shows an external top view of a complete high frequency device package in

accordance with the invention; and

Figure 6 shows an external bottom view of the complete high frequency device

package shown in Figure 5.

Detailed Description of a Preferred Embodiment

The invention is particularly applicable to microwave device packaging and it is in
this context that the invention will be described. It will be appreciated, however, that the high
frequency device package and packing method in accordance with the invention has greater
utility since it can be used to package any device that operates a high frequencies or any

device in which matched impedance vias and bonding wires are desirable.

Figure 1 is a bottom view of a package with coaxial via holes in accordance with the
invention . The package may include a flat base 1 that is preferably coated with a material,

such as tin. that enhances the ability to solder to the flat base. The package may further
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include a plurality of coaxial via connections laid out in a particular configuration such as the
arrangement shown in Figure 1. Each coaxial via connection may further include a central
contact area 2 made of a conductive material to which an electrical connection may be made,
an insulating ring 3, made of an insulating material, which is shaded in Figure 1 for easy
identification and surrounds the central contact area 2 to form the coaxial structure. Each
coaxial via connection further includes a shield side 4 which is formed by the conductive base
1. For surface mounting purposes, the conducting surfaces of the base 1 and central contact
area 2 are raised relative to the insulation ring. The insulating rings 3 are protected from
damage by a solder mask layer 16 seen in Figure 2. The solder mask may extend to the edge
of the base 1 to form a channel 5 which creates a passage for fluid and vacuum cleaning of

debris and solder bridges during the printed circuit board mounting process.

The base 1 should preferably be made of a material that is a good heat conductor and
forms a good electrical shield so that the base can effectively conduct heat away from the
device inside the package and so that the base shields the rest of the circuitry from the
microwave energy and signals generated by the device inside the package. Preferably, the
base may be made of either metal, such as copper, or an electrically insulating material that is
metal plated, such as Aluminum Nitride (AIN). It is desirable that the thermal expansion
coefficient of the base 1 and the die materials are matched. The spacing between center
holes, S, is 1 mm, while the diameter, D, of each via hole is determined by the desired
impedance characteristics. As the demand increases for more pins on the package or smaller
package dimensions, the spacing between the center holes can be reduced. It is usually the
dimensional tolerances of the external printed circuit (PC) board that will limit the degree of

miniaturization of the base connections.

Figure 2 shows a cross sectional view of a preferred embodiment of a packaged device
20 in accordance with the invention. In the preferred embodiment, the base 1 is made of a
copper alloy that conducts both electricity and heat. The base may be plated with a layer 19,
such as tin, for solderability. An electrical component/device 8, such as a semiconductor die,
is mounted on the base 1 using well known techniques. The package may include one or
more coaxial via holes that correspond and align with the coaxial via connections shown in

Figure 1. As shown in Figure 2, each coaxial via hole may include a conductive center pin 6
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that is surrounded by the insulator rings 3. The insulating ring 3 is enclosed by the base
material 1. The bottom end of each pin 6 may be further coated/plated with a conductive
layer 2, such as metal, wherein the conductive layer 2 associated with each coaxial via hole is
larger in diameter than the conductive center pin 6 to facilitate easy solder bonding to a
printed circuit board and to maintain the desired characteristic impedance, which requires a
larger diameter than the conductive center pin 6 surrounded by the insulating ring 3. The
preferred material for the insulating ring 3 is glazed SU-8, which combines lithography
fabrication capability and good high-frequency performance. Another preferred material is

Teflon, for its low dielectric constant and good high-frequency performance.

The packaged device further may include one or more electrical wires 9 that connect
the well known pads (not shown) of the die 8 with the center conductive pins 6. The wires
conduct signals from the pads of the die to the conductive center pin as is well known. In
accordance with the invention, the wires, along with the rest of the exposed structures inside
of the packaged device are coated with an insulating layer 10, such as any dielectric and
preferably Parylene, and a shield 17 is formed over the top of the insulating layer by an
external metal coating of the insulating layer. The thickness of the preferred metal layer
should be chosen in consideration of skin-depth and DC resistance issues and should be
composed primarily of an excellent electrical conductor such as silver, copper, or gold. For
most applications, 1 micron coating thickness is adequate. The insulating layer 10 is exposed
by well known techniques, such as laser etching, in some areas 12, which are then metal
plated as a continuation of the shield 17 to enable grounding to the base structure. In
accordance with the invention, the combination of the bond wire 9, insulation 10 and shield
17 form a micro-coaxial cable having an inner conductive layer (the bond wire 9), an
insulator surrounding the inner conductive layer (the insulating layer 10) and the outer
grounded conductive layer (the shield 17). The impedance of the cable can be selectively
controlled for each wire (and hence for each bonding pad and for each signal) by choosing a
different diameter for the bond wire. Thus, if the thickness of the insulating layer 10 is

uniform on all wires, the impedance will vary with the diameter of each bond wire.

To improve the high frequency performance at the transition between the micro-

coaxial cable and the transition to another contact geometry, it is possible to create a tapered
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contact 13 between the bond wire 9 and the other contact, such as a center conducting pin 6.
The taper may be generated in accordance with the invention as a part of the well known
bonding process known as capillary ball, or it can be added as a secondary step by applying
solder or solder paste to the bond area. For frequencies below 100 GHz, both ball-bonding
and wedge-bonding technique may have acceptable performance. The insulation layer 10 in
the area of the tapered contact 13 also may be thickened around the taper 13 to maintain the
desired characteristic impedance. In contacts that are not frequency-critical (e.g., contacts or
bonding wires carrying power signals or other non-high frequency signals), the taper may be

omitted.

In accordance with the invention, an air gap 14 may be left above most of the surface
area of the die 8 as shown to maintain the electromagnetic characteristics of the die surface.
This air gap may be formed in various ways such as by placing a tape on the die that is
removed after the coating of the insulator layer and metal layer. Another alternative to
generate the air gap is to place a sacrificial layer where air gaps are desired. The insulator and
metal coatings are then pierced mechanically and the sacrificial layer may be dissolved out.
Yet another option is to attach a foam material to the die 8 that will remain on top of the die 8

after the coatings with negligible effects.

Once all of the coatings have been completed and the air gaps provided (is needed),
the base 1, with the device mounted and connected by micro-coaxial cables to the via holes, is
then enclosed by an encapsulation material or by a lid 15 as shown to seal the die 8 inside of
the package as is well known. The lid 15 may be made of metal and soldered or epoxy glued
to the base at one or more contact area 18. Then, as described above, a solder layer 19 may
be applied to the bottom of the packaged device to protect the insulating rings 3 as described
above. Now, a preferred method for manufacturing the base with the coaxial via holes in

accordance with the invention will be described.

Figures 3A - 3D illustrate a preferred process for manufacturing a base with via holes
in accordance with the invention. A first step A is shown in Figure 3A. Instep A, a
foundation plate 30, preferably made of glass or silicon, is coated with an adhesive layer 31.
Then, an insulating material is formed on top of the adhesive layer 31 in the shape of the

insulating via rings 32. These rings are preferably formed by first depositing a uniform layer
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of photo resist material on the adhesive 31 and then photo etching the undesired parts to leave
the desired via rings 32. A suitable photo resist to generate these via rings 32 is commercially

available under the name SU-8.

An few additional steps/operations might be done in Step A to improve the via
conductor bonding performance. For example, the adhesive layer 31 may be based on
aluminum deposition wherein the aluminum is used as a sacrificial layer. Then, after the
insulating via rings 32 have been formed, the exposed aluminum is coated with a thin layer of

gold and possibly a subsequent nickel layer to improve bondability and aging characteristics.

Figure 3B illustrates Step B. In Step B, the entire top of the foundation 30 including
the via rings and the adhesive layer 31 are plated with a metal layer 33, that may be, for
example, copper. Any excess build up of metal can be removed by polishing the metal layer
down to the via holes top line 34 so that the metal layer has the same height as the top of the

via holes and the top surface is planar.

Figure 3C illustrates Step C while Figure 3D illustrates Step D. In step C, the now
exposed via holes may be coated with a solder mask layer 35 and a tin layer 36 in processes
of deposition and etching similar to conventional metal layers processing in printed circuit
boards. This layer which will become the bottom side of the base 1 which is heat conductive
and electrically conductive as described above. Next, the adhesive layer 31 is removed or
dissolved which separates the foundation 30 from the rest of the metal base. The metal base
is now turned upside down, as shown in step D, to facilitate device mounting wherein a
device is mounted on the top of the base (as shown in phantom in Figure 3D). Itis
anticipated that the device mounting will be a separate process that does not necessarily need
to occur immediately after the fabrication of the base. If the base had been plated with gold
and nickel as a part of Step A as described above, the gold becomes the outside layer onto

which the wire bonding is performed and the nickel serves as a bond-barrier layer.

The insulating rings 37 may be glazed by heat treatment to create a more stable seal
with better hermeticity. For example, a base containing SU-8 via insulators is annealed at
elevated temperatures around 130°C to 209°C for about 30 minutes. This heat treatment is

preferably done after completion of step B.
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Typical metallization of parylene-coated materials require subjecting the materials to
large electric fields or RF energy, as contained in a sputtering process. Such exposure could
damage the mounted electronic components. To avoid this potentially damaging process, one
may implement a process based on catalyzation and electroless-plating. Subsequent
electroplating is then possible. As an example, the material is exposed to a chemical surface
treatment, and then immersed in a solution containing an activated palladium compound.
This latter solution creates a surface layer that has autocatalytic properties. Subsequent
exposure to a solution containing a species, such as copper ions, will promote the formation

of a continuous copper seed layer, which subsequently builds to a copper plated layer.

To package the device, the base material is mounted on a solid carrier such as silicon
or glass, with the tin-plated side attached to the plate. Next, the die is bonded to the desired
location on the base. Then, the die is wire bonded and tapered-end-contacts are made by a
mechanical tapering process, by depositing solder paste and then heat-reflowing it, or excess
solder is deposited on the center pins 6, to be heat-reflown, or a combination of the described
approaches. The air gap sacrificial material as described above is then attached to the die
surface. The entire structure is then conformally coated with insulating material, preferably
parylene, although various other insulating materials may be used such as plasma-deposited
fluoropolymers, or other similarly conformal coatings. To enable metallic via connections
through the parylene layer, sections of the coating are removed by a process, such as laser
beam ablation, followed by metallization, or, alternatively, metallization of the parylene layer
occurs first, then selective metal sections are etched, the exposed insulators are plasma etched
and the entire area is metallized again. Metallization is performed by plating or vapor

deposition.

In accordance with the invention, it is possible to mount several devices on the base
surface. It is then possible to create wire-bond contacts between bonding pads on these
devices and include these wires in the micro coaxial formation process in parallel with the
wires connected to base via pins. This allows the implementation of a hybrid structure with

internal micro coaxial interconnects.

While the above examples illustrate a low pin count device, the number of via holes

can be extended significantly in accordance with the invention. An example of an array
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arrangement of via holes that can be generated using the present invention is shown in Figure
4. Given the lithographic process of manufacturing such via holes, the holes can be arranged

in any desired pattern and need not have identical dimensions.

Figures 5 and 6 illustrate a completed packaged device 30 in accordance with the
invention. Figure 5 is a top view of the packaged device while Figure 6 is a bottom view of

the packaged device that shows the via hole connections in accordance with the invention.

An estimated loss of the bond wire based on skin-depth loss theory has shown that the
loss at a frequency of SOGHz is 0.018dB/mm for a 2-mil diameter bond wire. Since most
microwave bond wires are a fraction of millimeter long, this performance is adequate. The
alternative non-coaxial bond-wire losses at 50 GHz are in the order of magnitude several dB

if the wire inductance is not matched, and matching is applicable to a narrow frequency range.

While the foregoing has been with reference to a particular embodiment of the
invention, it will be appreciated by those skilled in the art that changes in this embodiment
may be made without departing from the principles and spirit of the invention, the scope of

which is defined by the appended claims.
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Claims:

1. An electrical component package comprising a substantially flat base to
accommodate one or more electrical components on its surface and one or more coaxial vias

formed in the base for input/output of electrical signals from the electrical component.

2. The package of Claim 1, wherein each coaxial via further comprises a central
conductive contact area surrounded by an insulating material ring such that the central
conductive contact area, the insulating material ring around the central conductive contact area

and the base form a coaxial via connection.

3. The package of Claim 2, further comprising one or more coaxial wires connecting

sites on said component to the one or more coaxial vias.

4. The package of Claim 3, wherein each coaxial wire further comprises a
conductive bonding wire, a conformal coating of insulating material that surrounds the
conductive bonding wire and a conductive layer that coats the coating of insulating material to

form a coaxial structure.

5. The package of Claim 4, wherein the one or more coaxial wires further comprise a
tapered transition at the end of the coaxial wire connected to the coaxial via to enhance the

coaxial characteristics of the coaxial wire.

6. The package of Claim 5, wherein the tapered transition further comprises an

accumulation of conductive material where the coaxial wire connects to the coaxial via.

7. The package of Claim 6, wherein the tapered transition further comprises a thicker

coating of insulating material adjacent the tapered transition.

8. The package of claim 1, wherein the base further comprises electrically

conductive material.

9. The package of claim 1, wherein the base further comprises a thermally

conductive material.
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10.  The package of claim 1, wherein the base further comprises a material that is

thermally matched with the one or more electrical components to be mounted on the base.
11.  The package of claim 1, wherein the coaxial vias include a solder mask.
12. The package of claim 11, wherein the solder mask extend to the package edge.

13. A structure comprising an electrical device having at least one conductive pad, a
base material to which the electrical device is mounted wherein the base has at least one coaxial
via, and a micro-coaxial wire connecting said pad to a conductor in said coaxial via to provide a

coaxial signal path from the electrical device to the coaxial via.

14.  The structure of Claim 13, wherein each coaxial via further comprises a central
conductive contact area surrounded by an insulating material ring such that the central
conductive contact area, the insulating material ring around the central conductive contact area

and the base form a coaxial via connection.

15. The structure of Claim 13, wherein each micro-coaxial wire further comprises a
conductive bonding wire and a conformal coating of insulating material that surrounds the

conductive bonding wire to form a coaxial structure.

16.  The structure of Claim 15, wherein the micro-coaxial wires further comprise a
tapered transition at the end of the coaxial wire connected to the coaxial via to enhance the

coaxial characteristics of the micro-coaxial wire.

17.  The structure of Claim 16, wherein the tapered transition further comprises an

accumulation of conductive material where the coaxial wire connects to the coaxial via.

18.  The structure of Claim 17, wherein the tapered transition further comprises a

thicker coating of insulating material adjacent the tapered transition.

19. The structure of claim 13, wherein the base further comprises electrically

conductive material.

20.  The structure of claim 13, wherein the base further comprises a thermally

conductive material.
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21.  The structure of claim 13, wherein the base further comprises a material that is

thermally matched with the one or more electrical components to be mounted on the base.

22.  The structure of Claim 13 further comprising a conductive coating applied to the
outside of the insulating material wherein said conductive coating is electrically attached to the

shield side of said coaxial via.

23. A method of fabricating coaxial electrical interconnections between a component

and a coaxial via, comprising:
placing a wire between said component and a conductive portion of a coaxial via;
conformally coating the wire and component with dielectric material; and

conformally coating the dielectric material with a conductive material to form coaxial

wires between the component and the coaxial via.

24.  The method of Claim 23 further comprises selectively removing portions of said

dielectric material prior to the conductive material conformal coating.
25. A method of fabricating a base structure with coaxial vias, comprising:
selectively etching an insulating material attached to a flat surface; and

plating said etched insulating material with a conductive material to form a center

conductor for a coaxial via structure.
26.  The method of claim 25, wherein the insulating material comprises SU-8.
27.  The method of claim 26 further comprising glazing said insulating material layer.

28.  The method of claim 25 further comprising applying an adhesive layer to secure

the insulating material to the flat surface.

29.  The method of claim 28, wherein applying the adhesive layer further comprises
plating the adhesive layer with gold..
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30. The method of claim 28, wherein applying the adhesive layer further comprises
plating the adhesive layer with gold and then nickel.

31.  Ahigh frequency component package, comprising:

a substantially flat base to accommodate one or more electrical components on its

surface;

one or more via holes formed in the base to permit signals from the electrical components

to pass through the base; and

wherein each via hole further comprises a central conductive contact area surrounded by
an insulating material ring such that the central conductive contact area, the insulating material

ring around the central conductive contact area and the base form a coaxial via connection.
32. A packaged high frequency device, comprising:

a substantially flat base having a high frequency device bonded on its surface, the high
frequency device having a plurality of bonding pads;

one or more via holes formed in the base to permit signals from the electrical components
to pass through the base, wherein each via hole further comprises a central conductive contact
area surrounded by an insulating material ring such that the central conductive contact area, the
insulating material ring around the central conductive contact area and the base form a coaxial

via connection; and

one or more coaxial bonding wires that connect the bonding pads of the high frequency
device to the one or more coaxial via holes in the base wherein each coaxial bonding wire further
comprises a conductive bonding wire and a conformal coating of insulating material that
surrounds the conductive bonding wire so that the signals are carried by a coaxial structure from

the device out through the base.
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