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SYSTEM AND METHOD FOR INTEGRATED WAVEGUIDE PACKAGING

Field of Invention

The present invention relates to millimeter wave packaging. More particularly, the
invention relates to millimeter wave packaging manufactured using low cost and/or high
yield techniques.

Background of the Invention

Block up converters (BUCs), solid state power amplifiers (SSPAs), and similar
systems are often employed in satellite communications systems to transmit and receive data
by means of radio frequency (RF) signals. Many of these systems employ millimeter wave
packaging including various components that provide needed functionality within the
systems. For example, BUCs and SSPAs may comprise electrical and mechanical
components such as monolithic microwave integrated circuits (MMICs), heat spreaders,
printed wire boards (PWBs) or other similar structures, waveguides, chassis, RF covers,
and/or various other components. Such components cooperate to reliably process RF signals
in a productive manner consistent with the purposes of the particular system with which the
components are associated.

Some electronics modules including needed electrical components are manufactured
in various combinations using a variety of methods. For example, some medium power
BUCs (mBUCs) are manufactured using custom aluminum cast chassis and covers. Custom
cast chassis and covers can be relatively expensive. Some mBUCs are manufactured using
PWBs that are assembled separate from cast chassis and covers. The cast chassis, cast
covers, and other components are then later assembled with individual PWBs in a serial
manufacturing process. A serial manufacturing process that assembles only one millimeter
wave package at a time can be inefficient and expensive.

There is a need for reliable and low cost millimeter wave packaging including
various standard electrical and mechanical components. There is also a need for reliable and
low cost millimeter wave packaging including electrical and mechanical components
assembled with multiple PWBs in parallel. The invention addresses these and other needs.
Summary of the Invention

A millimeter wave system or package may include at least one printed wiring board

(PWB), at least one integrated waveguide interface, and/or at least one monolithic
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microwave integrated circuit (MMIC). The package may be assembled in panel form with
additional millimeter wave systems or packages.

A method of manufacturing and/or testing a millimeter wave package in panel
format may include providing a panel including multiple printed wiring board (PWB) units,
adding one or more components (such as a heat spreader) to the PWB units, flipping the
panel, adding one or more components (such as a heat spreader) to the PWB units after
flipping the panel, adding a monolithic microwave integrated circuit (MMIC) to each heat
spreader, adding a cover to each of the PWB units, and/or integrating at least one high
power and high frequency waveguide interface within each of the PWB units.

Brief Description of the Drawing Figures

A more complete understanding of the present invention may be derived by referring
to the detailed description and claims when considered in connection with the drawing
figures, wherein like reference numbers refer to similar elements throughout the drawing
figures, and:

FIG. 1 shows a top view of an example of a millimeter wave package with a radio
frequency (RF) cover removed;

FIG. 2 shows a bottom view of an example of a millimeter wave package;

FIG. 3 shows a cross section side view of an example of a millimeter wave package;

FIG. 4 shows a top view of an example of another millimeter wave package with an
RF cover removed;

FIG. 5 shows a bottom view of another example of a millimeter wave package;

FIG. 6 shows a cross section side view of another example of a millimeter wave
package;

FIG. 7 shows a bottom view of yet another example of a millimeter wave package;

FIG. 8 shows a cross section side view of an example of a millimeter wave package;

FIG. 9 shows a bottom view of another example of a millimeter wave package;

FIG. 10 shows a cross section side view of a further example of a millimeter wave
package;

FIG. 11 shows a bottom view of an example of multiple millimeter wave packages
in panel form;

FIG. 12 shows a flow chart of an example of a method of manufacturing a

millimeter wave package;
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FIG. 13 shows an exploded perspective view of another example of a millimeter
wave package;

FIG. 14 shows a bottom perspective view of an example of a millimeter wave
package cover;

FIG. 15 shows a perspective view of an example of a millimeter wave package
without a cover attached;

FIG. 16 shows a bottom perspective view of an example of a millimeter wave
package; and

FIG. 17 shows an exploded perspective view of an example of multiple millimeter
wave package component panels.

Detailed Description

While exemplary embodiments are described herein in sufficient detail to enable
those skilled in the art to practice the invention, it should be understood that other
embodiments may be realized and that logical electrical and mechanical changes may be
made without departing from the spirit and scope of the invention. Thus, the following
detailed description is presented for purposes of illustration only.

In accordance with an example of a millimeter waveguide package, and with
reference to Figure 1, a top view of a millimeter waveguide package 100 is shown with the
radio frequency (RF) cover removed. The package 100 is an example of a reliable and low
cost millimeter wave package, capable of being manufactured in parallel with other
packages 100 in relatively high volumes, with desired microwave interfaces and thermal
management. The package 100 includes a printed wiring board (PWB) 102 in
communication with a monolithic microwave integrated circuit (MMIC) 104. PWB 102
includes a space 106, multiple vias 108, mating vias 110, holes 112, and a waveguide
interface 114.

The PWB 102 may have one or more layers depending on the number of signals
routed through the package 100 or other needs and preferences. The PWB 102 may be a
printed wiring board, printed circuit board, etched wiring board, low temperature co-fired
ceramic, high temperature co-fired ceramic, laminate, soft-substrate, liquid crystal polymer,
and/or other similar structure. The PWB 102 may include various vias, through hole
components, and surface mount technology (SMT). SMT may be mounted to the top or
bottom side of the PWB 102 with solder, epoxy, or other type of attachment.
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The MMIC 104 resides within the space 106 such that the MMIC 104 is capable of
communicating with the top surface of the PWB 102. The MMIC 104 communicates with
the PWB 102 in a manner that enables the MMIC 104 to ultimately communicate with one
or more additional packages 100. The signals communicated to and from the MMIC 104
can be RF, local oscillator (LO), intermediate frequency (IF), voltage supplies, control,
detector signals, and/or the like.

With reference to Figure 1, the example of an MMIC 104 may include an RF output
116, an RF input 118, and various input/output ports 120. The RF output 116 is wire
bonded or otherwise connected to an RF probe 122. The RF probe 122 extends into the
waveguide interface 114. The RF probe 122 may be used to launch an RF signal within the
waveguide interface 114. The waveguide interface 114 is configured to provide a low loss
interface between the package 100 and its surrounding components and environment. Low
loss signal communications are particularly beneficial for certain microwave applications
such as high power amplification (HPA) output interfaces and low noise amplification
(LNA) input interfaces.

The RF input 118 to the MMIC 104 is wirc bonded or otherwise connected to a
structure 124. Structure 124 may comprise, for example, a micro-strip 50 Ohm trace.
Furthermore, structure 124 may, for example, be any structure capable of communicating a
signal to the MMIC 104. The structure or trace 124 may be in turn connected to one of the
mating vias 110. The mating vias 110 may be connected or mated through connector pins
with the additional vias 108 of a mating package 101 (shown in Figure 3). The input/output
ports 120 of the MMIC 104 are wire bonded or otherwise connected to various traces 126 on
the PWB 102.

The holes 112 accommodate bolts, screws, or other connectors that, for example,
mechanically, secure or mount the PWB 102 and potentially other components of the
package 100 to each other or to one or more additional assemblies or structures. For
example, the PWB 102 may be mounted to an adjacent heat spreader plate, chassis,
additional PWBs, additional packages 100, or other structures through one or more of the
holes 112. Holes 112 may be supplemented or replaced with other attachment structures
such as other connections or spaces that provide the needed mechanical attachment among
various components associated with the package 100. Secure mechanical connections offer
predictable and desired spacing among components in order to maximize optimal thermal

connections and signal communications.
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With reference to Figure 2, a bottom view of an example of a package 100, such as
the package 100 described with reference to Figure 1, is shown. The package 100 includes a
heat spreader 128. The heat spreader 128 may include a waveguide space 130, optional
openings 132 and 134 for SMT components to be mounted to a PWB 102 (Figure 1), one or
more holes 136, and/or an opening 138 for mating connector pins to access mating vias 110
ofa PWB 102.

The heat spreader 128 may be a heat spreader plate or other structure capable of
transferring heat from an MMIC 104 (Figure 1) or other heat generating component
throughout the package 100 and surrounding environment. For example, the heat spreader
128 may be formed of metal or a metal alloy such as copper, aluminum, or other thermally
conductive material. Additionally or alternatively, the heat spreader 128 may include one or
more fluid spaces capable of receiving heat and transferring the heat within the flow of the
fluid. Certain examples of heat spreaders 128 will include, in addition to beneficial thermal
properties, beneficial mechanical, RF or other signal communications, electrical, cost-
efficient, and other properties that may be preferred depending upon the particular
implementation of the package 100.

With reference to Figure 3, a cross section side view of an example of a package
100, such as the package 100 described with reference to Figures 1 and 2, is shown mounted
to a chassis 140 and connected to a mating package 101. The package 100 includes a cover
142, such as an RF cover, connected to, or otherwise in communication with, a PWB 102, an
MMIC 104 mounted to a heat spreader 128 and in signal communication with the PWB 102,
the heat spreader 128 mounted to the chassis 140, and the package 100 in communication
with, or mated to, an additional package 101 using a mating connector 144.

In the example of a package 100, the cover 142 serves as an RF cover. The cover
142 may include a waveguide back short 146, which, in combination with the waveguide
interface 114, forms a waveguide interface between the RF probe 122 and the waveguide
opening 148. The waveguide back short 146 is sized, oriented, and distanced from the
waveguide interface 114 in order to ensure that the waveguide back short 146 redirects RF
waves through the waveguide interface in phase. The waveguide interface includes the
waveguide interface 114 and a waveguide opening 148 formed through the chassis 140. The
cover 142 may be formed of metalized plastic, polymer, sheet metal, or a similar material
formed by stamping, casting, or a similar process. The cover 142 may, for example, be a

metalized RF cover with RF channels and a waveguide back short 146. The cover 142 may
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be attached to the PWB 102 with solder, epoxy or other adhesive, screws or other
mechanical connectors, a mechanical interference or snap fit, and/or other attachment
structure. In one example, the cover 142 may be coefficient of thermal expansion (CTE)
matched to the PWB 102. In another example, the cover 142 may be formed of a high
temperature polymer capable of withstanding subsequent steps of a high temperature
manufacturing process. Any polymers used herein may include liquid crystal polymer
(LCP), polyphenylene sulfide (PPS), and polyetherimide (PEIL).

In one embodiment, the package 100 may include a waveguide interface on the input
and/or output of the package 100. In some embodiments, the minimum number of
waveguide interfaces per package 100 is one. In other embodiments, multiple waveguide
interfaces may be used as one or more RF interfaces for a single package, in order to
produce a package of optimal frequency and size. At lower frequencies, waveguide
interfaces can be very large.

With reference to Figure 3, the package 100 may be connected to an adjacent mating
package 101. A mating package 101 may include similar or identical structures and may
perform similar or identical functions as a package 100. Various structures and methods
may be used to connect two or more packages 100 and 101 together. In the example shown
in Figure 3, the mating connector 144 is attached as surface mount technology (SMT) to the
vias 108 of the mating package 101. The mating connector 144 also connects to the mating
vias 110 of the next higher package 100, creating an electrical connection between both
packages 100 and 101. The two packages 100 and 101 may be RF matched in order to
match out or reduce the inductance of the connector 144. A connector such as a standard
SMT 2mm board-to-board header manufactured by Samtec USA of New Albany, Indiana
may be used as the connector 144. Although the connector of Samtec USA was originally
designed for DC and very low frequency control signals, in accordance with an example
embodiment such connector is configured for use with the packages 100 and/or 101, for
example, for Ka band applications and other frequency ranges.

With reference to Figures 4 through 6, another example of a series of mating
packages 100 and 101 includes an alternate connection interface between the packages 100
and 101. Specifically, Figure 4 is a top view of an example of a millimeter wave package
100 with the RF cover removed. Figure 4 shows components similar to the components of
the package 100 described with reference to Figure 1, including a PWB 102, MMIC 104,
space 106, multiple vias 108, holes 112, waveguide interface 114, RF output 116, RF input
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118, various input/output ports 120, RF probe 122, and signal communication structure 124.
However, the mating vias 110 described with reference to Figure 1 are replaced with
alternate mating vias 110 in Figure 4. The mating vias 110 of Figure 4 accommodate an
SMT connector shown in Figure 5 mounted to the back side of the PWB 102.

With reference to Figure 5, a bottom view of an example of a millimeter wave
package 100 may include components similar to the components described with reference to
Figure 2, including a heat spreader 128, waveguide space 130, optional openings 132 and
134 for SMT components to be mounted to a PWB 102 (Figure 4), and one or more holes
136. However, the opening 138 described with reference to Figure 2 is replaced with an
alternate opening 138 of different size in Figure 5. Further Figure 5 shows a backside
female SMT connector 150 connected to mating vias 110 (Figure 4) and mounted to the
bottom side of the PWB 102.

With reference to Figure 6, a side view of an example of at least one millimeter wave
package 100 may include components similar to the components described with reference to
Figure 3, including a package 100 and mating package 101, PWB 102, MMIC 104,
waveguide interface 114, heat spreader 128, chassis 140, cover 142, SMT connector 144,
waveguide back short 146, and waveguide opening 148. The SMT connector 150 may, for
example, be mounted to the bottom side of the PWB 102 of the package 100. The SMT
connector 150 is also connected to the connector 144. The SMT connector 150 and
connector 144 may form a stronger mechanical connection than the connection between the
connector 144 and mating vias 110 described with reference to Figure 3. The connector 150
includes a hole through which the end of the connector 144 may extend to form a
mechanical interference fit between the external surface of the end of the connector 144 and
the internal surface of the hole of the connector 150.

Connector 150, and the movable interference fit between connectors 144 and 150,
may act as shock absorbers that provide additional float for the PWBs 102. PWBs can be
brittle, rigid, and prone to cracking under the stress of minimal movement. Thus, connector
150 and its associated connection can provide the needed movement and absorb stress
created between neighboring PWBs 102 in order to prevent the PWBs 102 from cracking.
Further, the connection interface of connectors 144 and 150 may provide a convenient
interface for removing a PWB from another PWB in order to provide testing of a particular

PWB without affecting neighboring components.
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With reference to Figure 7, a bottom view of an example of a millimeter wave
package 100, such as the package 100, is described. The package 100 shown in Figure 7
includes components similar to those described with reference to Figures 2 and 5, including
a heat spreader 128, waveguide space 130, optional openings 132 and 134 for SMT
components to be mounted to a PWB 102 (Figure 4), and one or more holes 136. However,
the opening 138 described with reference to Figures 2 and 5 is replaced with an alternate
opening 138 of different size and location described with reference to Figure 7. With
reference to Figure 7, the opening 138 may be configured to accommodate a lead frame 152.
For example, the lead frame 152 may be mounted to the bottom side of the PWB 102. The
lead frame 152 includes at least one trace, lead, electrical contact, or other signal
communication path 154. The paths 154 serve to provide electrical communications
between multiple packages 100 and 101. The lead frame 152 also provides needed
mechanical strength between multiple packages 100 and 101 with a desired amount of float
or shock absorption caused by movement between the multiple packages 100 and 101.

With reference to Figure 8, a side view of an example of at least one millimeter wave
package 100 may include components similar to the components described with reference to
Figures 3 and 6, including a package 100 and mating package 101, PWB 102, MMIC 104,
waveguide interface 114, heat spreader 128, chassis 140, cover 142, waveguide back short
146, and waveguide opening 148. The lead frame 152 is also shown mounted to the bottom
side of the PWB 102 of the higher package 100 and the top side of the mating package 101.
The lead frame 152 provides electrical and mechanical attachment and strength between the
mating packages 100 and 101, while also providing needed float or shock absorption to
accommodate movement between the packages 100 and 101. The lead frame 152 includes a
center section 156 capable of flexing or moving without creating harmful stress upon the
neighboring PWBs 102 of the packages 100 and 101. The lead frame 152 is also relatively
thin when compared with the connectors 144 and 150 previously described with reference to
Figures 3 and 6. The relatively thin lead frame 152 permits the chassis 140 to form a
smaller step 158, i.e., form a shorter vertical distance, between neighboring packages 100
and 101. The size of a step 158, if any, between neighboring packages may be modified
depending upon the type of connector desired, chassis desired, or other desired
modifications to factors such as the layout, size, shape, and/or orientation of a series of

packages 100 and 101 and/or related components.
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With reference to Figure 9, a bottom view of an example of a millimeter wave
package 100 such as the package 100 is described with momentary reference to Figure 4.
The package 100 includes components similar to those described with reference to Figures
2, 5, and 7, including a heat spreader 128, waveguide space 130, optional openings 132 and
134 for SMT components to be mounted to a PWB 102 (Figure 4), and one or more holes
136. However, the opening 138 described with reference to Figures 2, 5 and 7 may be
replaced with multiple alternate openings 138 of different sizes and locations, as described
with reference to Figure 9. The openings 138 of Figure 9 each accommodate at least one
SMT lead 160. The leads 160 are, for example, mounted to the bottom side of the PWB
102. Leads 160 may be leads, traces, or other electrical connectors between multiple
packages 100 and 101. The leads 160 may be aligned with corresponding electrical
connectors on the top side of a mating PWB 102 using holes 136 or other additional holes
and pins forming a mechanical connection and alignment between the PWB 102 and/or heat
spreader 128 of the top package 100 and the PWB 102 and/or other component of a mating
bottom package 101. Leads 160, or other connections or connectors described herein, may
be spring type leads, such as leads capable of connecting one or more packages or other
components with or without the use of solder. Thus, in one example, a solderless spring
type lead may connect two packages together.

In one example embodiment, when the pins and holes of two packages 100 and 101
are aligned with each other, the leads 160 will be aligned with their corresponding electrical
contacts, forming a mechanical and/or electrical connection. The package 100 shown in
Figure 9 may also include an additional and/or optional opening 162 for accommodating a
corresponding support, alignment, attachment, and/or other structure. As with every
embodiment described herein, any structural orientations and directions may be altered
and/or reversed such that, for example, with reference to the embodiment of Figure 9,
structures attached to a top side may be attached to a bottom side and/or bottom packages
may be come top packages, and visa versa.

With reference to Figure 10, a side view of an example of at least one millimeter
wave package 100 may include components similar to the components described with
reference to Figures 3, 6, and 8, including a package 100 and mating package 101, PWB
102, MMIC 104, waveguide interface 114, heat spreader 128, chassis 140, cover 142,
waveguide back short 146, and waveguide opening 148. One of the three lead 160

connections is also shown as a SMT attachment between the properly aligned higher
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package 100 and its lower mating package 101. The remaining two lead 160 connections
may be similarly connected to the same or different mating packages 101. Furthermore,
package 100 may be connected using similar techniques to two or more mating packages
101, or visa versa.

The relatively thin lead 160 connections may enable the chassis 140 to have a small
step 158. In other words, the leads 160 may include a relatively short vertical distance
between two electrical contact points, such that a step 158 may be relatively small, which
enables packages 100 and 101 to be spaced or located relatively close to each other. The
tight and relatively short connection of the lead 160 connections provides little opportunity
for movement between connecting packages 100 and 101, which may be beneficial for
certain applications. Further, each of the leads 160 may be relatively short, providing a very
direct and short pathway between key electrical components of the connecting PWBs 102.
The relatively short and direct leads 160 may provide a very low inductance connection with
minimal opportunity for parasitic effects upon the electrical connection. A support structure
164 may also be secured to the bottom side of the PWB 102 of the top package 100. The
support structure 164 may provide desired mechanical and/or electrical attachment with the
PWB 102 and may serve to protect the PWB 102 from fracture or other damage.

With reference to Figure 11, a bottom view of an example of multiple millimeter
wave packages 100 or 101 is described in array or panel 166 form. Any of the package
components described with reference to any figure herein may be assembled and/or tested in
panel 166 form. Panel 166 form enables a manufacturer to automate manufacturing
equipment to rapidly assemble a large number of packages in parallel, simultaneously, or in
a coordinated manner at a single automated assembly line station. The panel 166 may
include tooling holes 170 or other structure to improve handling of the panel 166 by various
machines and equipment used during manufacture and/or testing of the packages on the
panel 166.

Traditionally, packages were assembled in a serial process, where only one device
could be assembled at a time, bottlenecking the manufacturing process and decreasing
output of the total number of devices. However, in accordance with one example, multiple
packages 100 may be assembled simultaneously and in parallel to eliminate the bottleneck
from the manufacturing process and increase the output of the total number of packages 100
from an automated assembly line. Increased output, or yield, may result in decreased cost

for packages 100. At any point during the manufacturing process, for example, after
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assembly and testing, the packages 100 and/or additional structure, such as tooling holes
170, may be separated into units by tearing perforated break-away tabs 168, by sawing,
and/or by other separation process. Thus, the claimed invention provides low-cost and high-
volume manufacturing methods applying panel or array formats combined with high-
performance materials to realize low-cost, high-power and high-frequency packages.

Further, the packages 100 or 101 of the present disclosure provide significant
advantages over other packages. For example, TriQuint Semiconductor, Inc. packages a 4W
Ka band power amplifier but does not include a waveguide interface or upconverter.
Without the waveguide interface integrated, there are additional losses at the next level and
more work that a designer needs to do when integrating the package into a larger system.
As another example, an upconverter that comes in a more complete package similar to the
packages of the present disclosure may only operate at low power and low frequencies, thus
severely compromising the functionality and performance of the upconverter.

By contrast, the present disclosure teaches packages that include a heat spreader,
cover, high linearity upconverter with power amplifier, and a waveguide interface. The
packages of the present disclosure may include a microwave MMIC package with a
waveguide interface that may be manufactured at low cost, and provide both high frequency
and high power within a relatively small form factor. For example, high frequency may be
greater than about SGHz. At about 5GHz, a waveguide interface of a package may be
manufactured to be approximately 1.5 inches wide. At frequencies lower than about SGHz,
the waveguide interface becomes much larger, making it difficult to include a package with
such waveguide interface in a larger assembly. The high power available using the packages
of the present disclosure depends upon the frequency used. For example, the packages are
capable of producing 0.5W at 70GHz. At about 0.5W, it becomes important to consider
adding a heat spreader to the package. As another example, high power may include 4W at
Ku Band frequencies.

With reference to Figure 12, a flow chart of an example of a method of
manufacturing and/or testing a millimeter wave package in panel form, such as package 100
and/or 101, is described with reference to the elements of the claimed invention described
herein. First, an initial and separable panel assembly including at least one PWB unit is
provided and patterned (step 172), forming initial cuts and vias, and providing needed
etching and plating on the PWB. Paste is then added (step 174) to desired locations on the
multiple units of the PWB within the panel. A pick-and-place machine then adds (step 176)

11
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resistors, capacitors, metal heat spreader plate, and other mechanical or electrical
components to areas containing the paste. One or more of the added components are then
soldered (step 178) to the PWB and placed and heated within a reflow oven (step 180)
where the paste is melted (step 182) and solder adhered (step 184) to the components and
PWB. The panel is then flipped (step 186) and additional components are added in
accordance with steps 174 through 184 above until all components, including any desired
surface mount technology (SMT), are added to the panel. At least one MMIC is then
attached (step 188) to each heat spreader plate using epoxy or similar adhesive. Each
MMIC is then wire bonded or otherwise connected (step 190) to each PWB. A cover, such
as an RF cover, is then attached (step 192) or adhered to each assembled unit. At this point,
an integrated waveguide interface is fully assembled as described herein for each of the
multiple packages organized into panel or array format. Epoxy used to adhere the cover to
the assembly is cured (step 194) in an oven. Each package is then ready for individual
testing (step 196).

Building multiple packages in array or panel format enables efficient testing of the
multiple packages either simultaneously or in rapid sequence. Rapid panel and array testing
increases manufacturing throughput and reduces costs. Before or after testing, each unit or
package is cingulated, cut, sawed, or separated (step 198) and packages are individually
sorted (step 200) based on each package’s response to testing. The individually sorted
packages are then sent to additional manufacturers for assembly into other products, are
placed on a tape and reel, are placed into trays, or are used as otherwise preferred by a
manufacturer.

Assembling components during the example of a manufacturing process described
herein will eliminate the need for multiple separate manufacturers to handle and assemble
various portions of the packages in order to provide final package assemblies. By providing
a simple parallel process for manufacturing multiple packages simultaneously on a single
panel of a single assembly line, manufacturing speed and yield is greatly increased, the need
for duplicative testing is reduced, cost is reduced, damage in shipping is reduced, and
potential for error and mishandling is decreased. Manufacturers benefit from the panel
assembly by becoming capable of adding multiple similar or identical components to each of
multiple packages on the panel at the same time in a single assembly line. For example, a
machine holding multiple MMIC units may place each of the MMIC units each of multiple

panels at the same time, reducing the time typically required by pick-and-place
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manufacturing machines that place only one MMIC on a package at a time. Such a unified
process may empower manufacturers to avoid the need to take an assembled panel and later
mount it to a heat spreader that is in turn later mounted to a custom chassis assembly.
Rather, all assembly and final testing of the packages may occur at a single location,
eliminating the need for duplicative testing each time the package is further assembled by a
different manufacturer. The steps described herein may be performed in any order that is
useful to one practicing the claimed invention.

With reference to Figure 13, an example of an embodiment of an individual package
100, shown in exploded view, includes a cover 142, multiple SMT components 202, an
MMIC 104, a PWB 102, a layer of adhesive 204, and a heat spreader 128. The cover 142
may, for example, be a metal-plated injection molded plastic or may be a dye cast zinc cover
that is bonded to the PWB 102 base with a conductive epoxy. The cover 142 may be a pick-
and-place component or may be placed as a panel of multiple covers 142 onto multiple
PWBs 102. The SMT component 202 may be soldered to the PWB 102, and the MMIC 104
may be mounted directly to the heat spreader 128. The layer of adhesive 204 may be an
electrically conductive film adhesive or the equivalent that is approximately two millimeters
thick. For example, the adhesive 204 may be an electrically conductive film manufactured
by Ablestick, Model No. CF3350. The PWB 102 may be manufactured by Rogers, and may
be approximately 0.008 inches thick, such as Model No. R4003, and may include a
dielectric with % ounce copper on the sides of the PWB 102. The heat spreader 128 may be
approximately 20 millimeters thick and manufactured by UNS, Model No. C11000,
annealed copper with 30-50 micro-inches of soft gold over a 100-200 micro-inch electroless
nickel plate. When mounting the cover 142 to the PWB 102, alignment pins on either the
cover 142 or the PWB 102 may align with corresponding holes in order to ensure that the
cover 142 and PWB 102 are properly aligned with each other. Various ground vias 108
exist around the perimeter of the surface of the PWB 102 in order to define the RF
enclosure. Backside traces on the PWB 102 formed of copper may interconnect RF signals
to power.

Referring to Figure 14, a bottom perspective view of the cover 142 shows alignment
pins 206. The alignment pins 206 may align with corresponding alignment holes on the
PWB 102 to ensure that the cover 142 is properly aligned with the PWB 102 during

assembly.
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Referring to Figure 15, the package 100 is shown in perspective view without a
cover 142 attached to the package 100. Alignment holes 208 are shown on the top surface
of the PWB 102. The alignment holes 208 may align with corresponding alignment pins
206 of the cover of 142, as shown in Figure 14. The PWB 102 shown in Figure 15 also
illustrates SMT components 202 attached to the top surface of the PWB 102.

Referring to Figure 16, a bottom perspective view of a fully assembled package 100
is shown, illustrating a flat bottom surface of the heat spreader 128. The heat spreader 128
includes multiple openings exposing various regions of the other components of the package
100. For example, a waveguide opening for a waveguide transition 130 is shown providing
a waveguide channel for RF waves. Additional openings in the heat spreader 128 expose
electrical contact pads, or vias, such as leads 160. The leads 160 may be filled or otherwise
protected, insulated, and/or sealed in order to protect the connectability of the leads 160
during sawing or singulating of a package 100 from another package 100. That is, when
packages 100 are sawed apart from each other, debris may form in the exposed spaces of the
heat spreader 128 and onto the electrical contacts or leads 160, thus inhibiting the leads 160
from establishing a reliable electrical connection with their counterpart electrical
components during assembly of the package 100 with another device. Ground vias 108 are
similarly exposed through openings of the heat spreader 128. Like the leads 160, the ground
vias 108 may also need to be sealed, and likely will be sealed as a result of the adhesive
layer 204 formed between the PWB 102 and the heat spreader 128 or by the adhesive layer
formed between the PWB 102 and the cover 142.

Referring to Figure 17, a perspective top view of an exploded panel assembly 210 of
multiple packages 100 is shown and described. The panel assembly includes a panel or
array 212 of individual covers 142, a panel or array 214 of individual PWBs 102, a panel or
array 216 of individual adhesive layers 204, and a panel or array 218 of individual heat
spreaders 128. During assembly, each panel or array 212, 214, 216 and/or 218 is placed on
top of each adjacent panel or array, for example, as shown in Figure 17. Various fiducials,
such as the alignment pins 206 and/or alignment holes 208 may be placed on any of the
panels or arrays described herein in order to ensure that each individual component forming
an individual package 100 is appropriately aligned with and attached to its adjacent
component. These fiducials will help ensure that each package 100 is successfully
assembled and functional after assembly. For example, the panel or array 212 of combined

covers 142 which may later be singulated or separated, may include a conductive adhesive
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screened on the underside of the cover array 212. The cover array 212 may then be
positioned on top of and secured against the PWB panel or array 214. The bonded cover
array 212 and PWB 214 may then be cured in a lamination process in order to ensure
flatness and complete bonding across the entire arrays 212 and 214. A similar process may
take place with each array or panel in forming a complete panel assembly 210.

Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as critical, required, or essential features

93 ¢

or elements of any or all the claims. As used herein, the terms “comprises,” “comprising,”
or any other variation thereof, are intended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a list of elements does not include only
those elements but may include other elements not expressly listed or inherent to such
process, method, article, or apparatus. Further, no element described herein is required for

the practice of the invention unless expressly described as “essential” or “critical.”

15



10

15

20

25

30

WO 2009/102721 PCT/US2009/033681

Claims
What is claimed is:
1. A millimeter wave system comprising:

a package comprising a printed wiring board (PWB) and a monolithic
microwave integrate circuit (MMIC), wherein the MMIC is in communication with the
PWB; and

a waveguide interface integrated with the package;

wherein the package is adapted to operate at high frequency and high power.

2. The system of claim 1, wherein high frequency includes frequencies greater

than about 5GHz, and wherein high power includes power greater than about 0.5W.

3. The system of claim 1, further comprising:
a component mounted to the PWB;
a heat spreader secured to the PWB; and
a connection interface in communication with the PWB;
wherein the MMIC is secured to the heat spreader and connected to the PWB;
and
wherein the millimeter wave system is assembled in panel form with

additional millimeter wave systems.

4. The system of claim 1, wherein the MMIC includes an RF output, and
wherein the system further comprises an RF probe situated in the waveguide interface and in

communication with an RF output on the MMIC.
5. The system of claim 4, wherein the MMIC includes an RF input and wherein
the system further comprises a via and a trace in communication with the via and the RF

input.

0. The system of claim 5, wherein the PWB forms a space, and wherein the

MMIC resides within the space of the PWB.
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7. The system of claim 6, wherein the PWB forms multiple holes and the heat
spreader forms multiple holes that correspond in location with the multiple holes of the
PWB.

8. The system of claim 7, further comprising multiple mating vias on the PWB
and an opening formed within the heat spreader to correspond in location with the mating

vias of the PWB.

9. The system of claim 8, wherein the connection interface includes a header
connector and a female connector, wherein the female connector is adapted to engage with

the header connector.

10. The system of claim 8, wherein the connection interface includes a lead
frame, the connection interface includes a lead connection, and the lead connection includes

at least one solderless spring loaded lead.

11.  The system of claim 1, wherein the package is a first package, wherein the
system further comprises a second package and at least one via, and wherein the first

package connects to the second package through the at least one via.

12. A millimeter wave system, comprising:

a panel of multiple printed wiring board (PWB) units arranged in parallel
form;

multiple heat spreaders each attached to each of the multiple PWB units;

at least one component attached to each of the multiple PWB units;

at least one monolithic microwave integrated circuit (MMIC) in thermal
communication with each of the multiple heat spreaders and in electrical communication
with each of the multiple PWB units; and

multiple radio frequency (RF) covers having a waveguide back short, each

RF cover attached to each of the multiple PWB units.

13. A method of manufacturing a millimeter wave package in panel format,
comprising:

providing a panel including multiple printed wiring board (PWB) units;
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adding one or more components to the PWB units;

flipping the panel;

adding one or more components to the PWB units after flipping the panel,

wherein the one or more components includes a heat spreader;

adding a monolithic microwave integrated circuit (MMIC) to each heat
spreader;

adding a cover to each of the PWB units; and

integrating at least one high power and high frequency waveguide interface

within each of the PWB units.

14.  The method of claim 13, further comprising patterning, etching and plating
each of the multiple PWB units.

15.  The method of claim 14, further comprising pasting the one or more

components to each of the PWB units.

16.  The method of claim 15, further comprising soldering the components to the

PWB and heating the solder and paste in a reflow oven.

17. The method of claim 13, wherein the one or more components includes a

resistor and a capacitor.

18.  The method of claim 13, wherein the one or more components includes

surface mount technology.

19. The method of claim 14, further comprising electrically connecting each

MMIC to each PWB.

20.  The method of claim 19, further comprising testing each of the assembled
PWB units while each PWB unit is still in panel form.

18
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