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Abstract of the Invention

A MMIC package is disclosed comprising: a leadframe based overmolded
package, a die positioned within the overmolded package; and a partial waveguide
interface, wherein the partial waveguide interface is integral with the overmolded
package facilitating low cost and reliable assembly. Also disclosed is an overmolded
package where the die sits on a metal portion exposed on the bottom of the package
and the package is configured for attachment to a chassis of a transceiver such that
heat from the die is easily dissipated to the chassis with a direct thermal path. The
disclosure facilitates parallel assembly of MMIC packages and use of pick and place /
surface mounting technology for attaching the MMIC packages to the chassis of

transceivers. This facilitates reliable and low cost transceivers.
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Leadframe package with integrated partial waveguide interface

The following statement is a full description of this invention
including the best method of performing it known to us:-
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The subject of this disclosure may relate generally to systams, devices, and

methods for mounting and packaging mm-wave MMIC devices.

Cross-Refergnce To Related Application

This application is a non-provisional application of US. Provisional

Application No, 61/378,889, entitlad “"OVER-MOLDED LEARFRAME PACKAGE,” which

- was filed on August 31, 2010, and which is hereby incorporated by reference.

Background

Typically & MMIC is connected to a printed wiring board ("PWB"}, and the
printed wiring board is connected to a chassis, A stripline on the PWB may convey an
RF signal from the MMIC to a waveguide and the signal may then be launched into the
waveguide. This prior art example involves relatively expensive assembly procedures.

The present disclosure describes lower cost methods and highly reliable devices for
making millimeter wave packages that facilitate simpler assembly of higher level
systems,

Throughout this spacification the word "comprise"”, or variations such as
"comprises” or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the
exclusion of any other elemaid, integer or step, or group of elements, integers or
steps.

Any discussion of documents, acts, materials, devices, articles or the like
which has been intluded in the present specification is not to be taken as an

admission that any or all of these matteérs form part of the prior art base or were
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commeon ganeral knowladge in the field relevant to the present disclosure as it existed

before the priority date of each claim of this application,

Summary

A RF MMIC package is disclosed that comprises: a package body portion
comprising a MMIC disposed within said package body portion; @ partial waveguide
interface, wherein the partial waveguide interface comprises a signal conducting
structure, supporting material, and one of: an H-plane launch and an E-plane faunch;
an overmold material forming portions of both said package body portion and said
partial waveguide interface 30 as to cause said partial waveguide interface to be an
integral part of the package body portion; and 2 leadframe, wherein the leadframe is
electrically connectad to the MMIC, and wherein said {eadframe forms part of both
said package body portion and the said partial waveguide interface,

A method of forming @ mm-wave MMIC package is disclosed comprising the
steps of: forming a leadframe comprising leads, wherein the leads include DC igads, RF
leads, 3 waveguide transition, and an RF launch; overmolding at least a portion of the
waveguide transition and portions of the leadframe, wherein the overmolding creates
a package base that is integrated with a partial wavepuide interface, wherein the
partial waveguide interfaca protrudes frons the package base, wherein the integrated
partial wavegitide interface comprises tha waveguide transition and the RF faunch; and
attaching and electrically connscting 3 MMIC to the leadframe within the package
base,

A MMIC package is disclosed comprising: a lgadirame based overmolded

package, & die positioned within the overmolded package; and a partial waveguide

N2
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interface, wherein the partial waveguide imtarface is integral with the overmalded
package.

A transcejver housing is disclosed that comprises: a mietal chassis having a
waveguide; a FWB attached to the metal chassis; a package comprising a MMIC and a
metal portion on a first surface of the package, the MMIC in direct therma!l contact
with the metal portion; the package eléctrically connected to the PW8, and wherein
the metal portion of the package is attached directly to the metal chassis providing 3
direct heat sink path from the MMIC to the matal chassis; wherein the package
comprises. a portion of an waveguide interface that fs integrated in the package,
wherein the package is located so as to align a probe portion of the waveguide
interface with the waveguida in the metal chassis; an& & cover separately connected to
the metal chassis, whergin the cover is one of a metal cover-or a metalized plastic
cover, and wherein the cover forms a waveguide backshort for the waveguide.

A radio frequency {"RF”) Monolithic Microwave Integrated Circuit {"MMIC)
package and a waveguide interface, wherein: the waveguide interface comprises a first
portion and @ second portion, wherein the first portion comprises an elsctrically
conductive cover {“cover”), wherein the second portion comprises a partial waveguide
interface, and wherein the partial waveguide interface comprises one of an K-plane
launch and an E-plane launch; and wherein the RF MMIC package comprises: the
partial waveguide interface; a package body portion comprising a MMIC disposed
within said package body portion; an overmold material forming portions of both said
package body portion and said partial wavepuide interface so as to cause said partal
waveguide interfare to be an integral part of said package body portion; and a

izadframe, wherein said leadframe is electrically connected 1o said MMIC, and wherein
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said leadframe forms part of both said package body portion and sald wavegiide
interfaces.

A transceiver comprising: a radio frequency {“RF"} Maonolithic Microwave
integrated Circuit (“MMIC”} package comprising: a package body portion comprising a
MNMIC disposed within said package body portion; a partial waveguide interface,
wherein the partial waveguide interface comprises a signal conducting struciuve,
supporting material, and one ofr an H-plane launch and an E-plane faunch; an
overmold material forming portions of both said package body portion and said partial
waveguide interface so as to cause sald partial waveguide interface to be an integral
part of said package body portion; and a leadframe, wherein said leadframe is
electrically connected to said MMIC, and wherein said leadframe forms part of both
saitd package body portion and sald partial waveguide interface; a chassis, wherein said
BF MMIC package is mounted to the chassis; and-a—cover compwising a backshost,
wharein said backshort is located over at irast part of said integrated partial waveguide
interface, and wherein said BF MMIC package is clamped between a portion of said

cover and satd chassis.

Brief Bescription of the Drawings

Thesa and other features, aspects and advantages of the present invention
will become better understood with reference o the following description, appending
claims, and accompanying drawings where!

Figure 1 ilustrates, for context, 3 gerspective view of an example sateflite

transceiver system in accordance with varioas embodiments of the invention;
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Figures A-IB illustrate an example leadframe at various steps in the
manufacturing process in accordance with a first example emboediment;

Figure 3 jllustrates an example deep downset leadframe after transfer
molding in accordance with a first example embodiment;

Figuregs 44-48 respectively illustrate an example package after adding an
example dig and after adding an example lid in accordance with a first example
embodiment;

Figures SA-58 illustrate, with top and bottom perspective view respectively,
an example package after the leads have been trimmest and shaped in accordance with
a first example embodiment;

Figure 6 ilfustrates an example double feadframe in actordance with an early
stap in the assembly process in a second example embodiment;

Figurs 7 illustrates an example double leadframe after transfer molding in

accordance with g second example embodiment;
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Figure 8 illustrates an example transfer molded double leadframe of Figure 7
with a base bonded thereto, in accordance with a second example embodiment;

Figures 9A-9B respectively illustrate an example package after adding an
example die and after adding an example lid in accordance with a second example
embodiment;

Figures 10A-10B illustrate, with top and bottom perspective view
respectively, an example package after the leads have been trimmed and shaped in
accordance with a second example embodiment;

Figure 10C illustrates an example cut away view of the overmold package
with only the overmold material showing, in accordance with an example embodiment;

Figure 10D illustrates an example lid in accordance with an example
embodiment;

Figure 10E illustrates an example side-by-side leadframe processing strip, in
accordance with an example embodiment;

Figures 11A-11C illustrate, in perspective view, example leadframe
embodiments (with or without the overmold), in accordance with various
embodiments;

Figure 12A-12F illustrate various structures for tuning associated with the
leadframe;

Figure 13 illustrates an example package placed on an example printed wire
board, in accordance with various embodiments;

Figures 14A-14B respectively illustrate two different example packages

placed on an example printed wireboard, in accordance with two different example

embodiments;
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Figure 15 illustrates an example assembly of Figures 14 placed on an
example chassis associated with an example housing of a transceiver, in accordance
with various embodiments;

Figures 16A-16B respectively illustrate close up views of two different
example packages placed on an example printed wireboard that is placed on an
example chassis, in accordance with two different example embodiments;

Figures 17A-17D illustrate various configurations of the chassis and an
associated pedestal, a waveguide in the chassis, and the placement of these
components relative to each other, in accordance with various embodiments;

Figures 18A-18C illustrate example cover configurations, in accordance with
various embodiments;

Figures 19A-C provide further illustrations of example covers and/or example
assemblies comprising example covers, in accordance with various embodiments; and

Figure 20 illustrates various method steps for manufacturing the package,

and/or higher level assemblies.
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Detailed Description

In accordance with various embodiments of the present invention, systems,
devices, and methods are provided, for among other things, manufacturing a
monolithic microwave integrated circuit (“MMIC") package and/or mounting the MMIC
package in higher level assemblies. The following descriptions are not intended as a
limitation on the use or applicability of the invention, but instead, are provided merely
to enable a full and complete description of various embodiments.

In accordance with various example embodiments of the present invention, a
new MMIC package and method of manufacturing the MMIC package is disclosed. As
described in greater detail, in various embodiments, the MMIC package comprises a
MMIC in an overmolded leadframe package. In various embodiments, the MMIC is
completely enclosed in the package (hermetically sealed lid or complete overmolding).
In other example embodiments, the MMIC package further comprises an integrated
partial waveguide interface. For example, a microstrip and launch (i.e., a portion of the
waveguide interface) may be formed as part of the MMIC package. In various
embodiments, the remaining portion(s) of the waveguide interface are provided when
assembling the next higher assembly level.

Moreover, the leads from the package leadframe are configured, in various
embodiments, to alleviate tolerance issues in the next higher assembly level. In
addition, the leads are configured to provide mechanical stress relief between the host
printed circuit board (“PCB”) and the package, but also to electrically maintain a
matched RF impedance on the leads used for RF interconnect. Additionally, in various
embodiments, special structures associated with the leads are disclosed, which

facilitate tuning the lead interface.
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Also disclosed are various methods and structures for connecting the MMIC
package to the next higher assembly level. For example, the MMIC package may be
configured to be in direct thermal contact with a metal chassis of the next higher
assembly level. [n this manner, the MMIC package does not have a printed wiring
board (“PWB") interfering with the thermal pathway between the MMIC in the MMIC
package and a heat sink (in the chassis). Various example covers are also disclosed for
completing the waveguide interface when assembled in conjunction with the package.

With reference now to Figure 1, although the disclosure herein may be
suitable to various technologies, various embodiments will be discussed herein in the
context of an example satellite radio frequency (“RF”) transceiver system. In this
context, RF transceiver system 100 may comprise a transceiver 110, an antenna feed
system 120, and a dish 160. An antenna feed system 120 may comprise, for example, a
feed horn 130, a polarizer 140, and an ortho-mode transducer (“OMT”) 150. RF
transceiver system 100 may be configured, for example, to communicate RF signals
between a modem and a satellite. It should be understood that various components
and configurations may be used in any RF transceiver system, and that this example
system 100 merely illustrates one system in which the MMIC package and other
disclosure herein may be used.

Transceiver 110 may comprise one or more MMIC packages. Example MMIC
packages and methods of manufacturing such packages will be described in further
detail beginning with reference to Figure 2A. In accordance with various example
embodiments, a MMIC package may comprise a leadframe based overmolded package
(“overmolded package”), and a die. The die may be positioned within the overmolded

package. The MMIC package may further comprise an integrated partial waveguide
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interface. The MMIC package may comprise any suitable shape and configuration of
components, but several example embodiments and methods for forming such
embodiments are described herein.

In one example embodiment, and with reference now to Figure 2A, an
example leadframe 200 is illustrated. Leadframe 200 may comprise a frame 210, a pad
220, a strip-line 230, a launch 240, and various leads 250. Leadframe 200 may be
formed, for example, by etching or stamping to form a desired pattern for leadframe
200. In various embodiments, lead frame 200 is formed in strip form. In another
example embodiment, leadframe 200 is formed in an array. For example, a 1x4 array
of leadframes could be formed. Moreover, any size and number of components may
form an n x m array of leadframes. The array may further comprise features on some
of the edges of the array to facilitate holding the part in the manufacturing equipment.
Furthermore, any suitable method of forming leadframe 200 may be used.

Leadframe 200 may comprise any suitable conducting material. For
example, leadframe 200 may comprise copper, copper alloy, suitable metal, or any
other suitable conducting material. In various embodiments, leadframe 200 is nickel
plated with wire-bondable gold plating. The material may be configured to conduct
electricity well. For example, the material may be configured to have a conductivity
greater than 1027 S/m. However any suitable conductivity may be used. In addition,
the material may be configured to conduct RF signals at desired frequencies. For
example, the material may be configured to have smooth surfaces and edges
(preferably controlled within 10 um or better. The material may further comprise low
non-linear ferromagnetic properties (such as with a permeability less than 10~-3 H/m).

However, any suitable configurations may be used. Also, the material may be
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configured to conduct heat well. For example, the material may have a thermal
conductivity greater than 200 W/m-K. However, any suitable thermal conductivity may
be used. Furthermore, in various embodiments, leadframe 200 may comprise multiple
materials, metal alloys, different platings and/or materials selected to have optimal
combinations of these properties. As a non-limiting example, BeCu may be used in one
example leadframe.

Leadframe 200, in various embodiments is flat, or undeformed (see for
example, Figure 2A). In one example embodiment, the thickness of leadframe 200 is
from 0.002 to 0.100 inches. However any suitable leadframe thickness may be used.
In varoius embodiments, leadframe 200 is further processed through cutting, and or
deforming various portions of the leadframe. For example, with reference to Figure
2B, leads 250 and strip-line 230 are severed from pad 220. In addition, pad 220 is
offset from the plane of frame 210. l.e., pad 220 is positioned to be “deep downset”.
Support elements 260 connect/support frame 210 to pad 220. These support
elements 260 are deformed to cause pad 220 to be in a different plane than other
portions of the leadframe, such as leads 250, frame 210, and/or strip line 230.
Furthermore, any technique for facilitating deep downset of pad 220 may be used. The
deep downset configuration, in various embodiments allows the pad 220, also known
as the “die paddle”, to be flush with the package bottom as will be described further
herein.

The cutting of portions of the leadframe may be performed using any
suitable technique. In one example embodiment, a laser is used to cut the leads
and/or strip-line. In other example embodiments, stamping or chemical etching are

used to remove material from portions of the leadframe. Furthermore, any suitable
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technique may be used to remove portions of the leadframe. Moreover, the
deforming of portions of the leadframe may be performed using any suitable
technique. In one example embodiment, stamping may be used to deform support
elements 260. Furthermore, any suitable deformation techniques may be used.

With reference now to Figure 3, in various embodiments, leadframe
structure 200 is overmolded. This process may be called Transfer Molding or
Overmolding. For example, an overmold material 300 may be injected around portions
of leadframe 200. In various embodiments, the overmolding is accomplished using
injection molding. In another example embodiment, the overmolding is done in strip
form (i.e., in a batch or in an array format). In further example embodiments, the
overmold may be provided using casting techniques. Furthermore, the overmold may
be formed using any suitable process for molding plastic. Furthermore, the overmold
process may comprise any suitable technique for forming a material around portions of
leadframe 200.

Material 300 may be formed around portions of the leadframe in such a way
as to hold and/or support leads 250, pad 220, and/or strip-line 230 in a set position.
For example, material 300 may be formed around portions of leadframe 200 so as to
hold pad 220 in deep downset configuration relative to other portions of leadframe
200 such as leads 250 and/or strip-line 230.

In various embodiments, overmold material 300 is configured to form a
structure suitable for containing an electronic device. In one example embodiment,
the electronic device is a MMIC. In one example embodiment, the overmold material
forms an overmolded “body structure” or “a package base”. In another example

embodiment, overmold material 300 forms sides of a box like structure with pad 220

10
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forming the bottom of the box. The box or body structure (also described herein as a
“package base”) is configured to receive, an electronic device. For example, the body
structure or box may be configured to receive a MMIC. The overmold material 300
may be shaped to form any suitable structure configured to contain a MMIC and or the
like device. Thus, in one example embodiment, overmold material 300 forms at least
part of a cavity for receiving a MMIC. For sake of clarity, the overmold material does
not necessarily have to form a box with sides, but could be any suitable structure for
holding portions of leadframe 200 and an electronic device (e.g., MMIC).

Overmold material 300 is only formed around a portion of leadframe 200.
For example, launch 240 may be left with no overmold material 300 surrounding or
touching the launch. In another example embodiment, microstrip 230 is supported,
but not covered by overmold material 300. As an aside, it is noted that the term
“microstrip” is used throughout this specification, however, it should be understood
that many suitable methods may be used for communicating RF signal including coaxial
and other waveguide transition devices. Thus, wherever the term “microstrip” is used
herein, it should be understood to mean any similar device for conveying the signal. In
vet another example embodiment, pad 220 is exposed on both sides and is generally
not covered be overmold material 300 except possibly near the edges of pad 220.
However, in various embodiments, overmold material 300 may be over, under, and/or
around portions of leadframe 200. In other words, the MMIC package ultimately
formed may comprise a leadframe at least partially enclosed in an overmold material.

Furthermore, portions of leads 250 may be exposed both inside the
overmold structure and outside the overmold structure. In this manner, leads 250 may

protrude from overmold material 300 and/or a portion of leads 250 may be exposed

11
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inside the overmold structure to form bond pads. These bond pads may facilitate wire

bonding to the electronic device to be received in the package.

It is noted that the thickness of overmold walls of the sides of the box or
body structure may be the same on all sides, or may be made of different thickness as
desired. In one example embodiment, the thickness is thicker on the DC input sides
and thinner than that on the RF input/output sides. In various embodiments, the
dielectric material may be minimized near the RF interconnections. This may facilitate
a reduction in loss in the signals communicated through the RF interconnections.

In accordance with various embodiments, overmold material 300 may
comprise an injection molded plastic, a ceramic material, a polymer, and/or any
dielectric moldable material. In various embodiments, the polymer may comprise a
liquid crystal polymer (LCP).

Although described herein most commonly with the polymer being a LCP, in
other example embodiments cheaper more common die overmolding polymers may
be used. This is particularly the case for applications where higher interface losses can
be tolerated. Thus, in other example embodiments, the polymer comprises one of the
following polymers: LCP, Polyphenylene Sulfide (PPS), Polyether ether ketone (PEEK),
any thermoplastic polymer, and any thermoset polymer. Thus, overmold material may
comprise any suitable material for casting, injection molding, or otherwise overmolding
leadframe 200 as described herein. Furthermore, suitable materials may comprise low
dielectric constant and/or low loss tangent materials.

In accordance with various embodiments, and with reference now to Figure
4A, an electronic device is added to the package. In one example embodiment, the

electronic device is a die. In another example embodiment, the die is a MMIC. In

12
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accordance with various embodiments, the MMIC comprises one of the following: a
high power amplifier, and a block up converter (“BUC"). Furthermore, in various
embodiments, the MMIC comprises a high power, high frequency device. For example,
high power, high frequency devices may comprise devices operating at frequencies
greater than 10 GHz and at power levels greater than 1W. In another example, high
frequencies may be frequencies of 8 GHz or higher and high power may be greater
than 5 watts, greater than 8 watts, or greater than 10 watts. However, any suitable
power and frequency levels and combinations thereof may be suitable.

MMIC 400 may be placed in physical contact with pad 220. In various
embodiments, placement of MMIC 400 in contact with pad 220 facilitates heat transfer
from MMIC 400 to pad 220. In this example embodiment, there is no object between
MMIC 400 and pad 220 that would interfere with the heat transfer. In various
embodiments, MMIC 400 is kept in physical contact with pad 220 by a conductive
epoxy, soldering, any suitable method of electrically conductive bonding, and/or any
other suitable method of securing MMIC 400.

In accordance with various embodiments, MMIC 400 is electrically connected
to leadframe 200 via wirebonds. More specifically, in various embodiments, MMIC 400
is attached to DC and RF interfaces (leads) at bond pads on the leads inside the
package. For example, one or more bond pads on MMIC 400 may be connected to a
bond pad on one or more of leads 250. Wirebonding is well known in the art and will
not be described in further detail herein. Furthermore, flip chip, high density
interconnect, and other suitable methods of electrically connecting MMIC 400 may be

used as appropriate.

13
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With reference now to Figure 4B, the electronic device, die, or MMIC (as the
case may be), may be enclosed in a package 410 (also described herein as “a package
body portion”). Although it has been noted that the package may contain any
electronic device or die, the package may for convenience be described herein as a
MMIC package 410. But it should be understood that the disclosure is equally
applicable to packages containing such other electronic devices.

Package (or MMIC package) 410 may suitably completely enclose the MMIC.
In various embodiments, this enclosing of the MMIC may be effected by way of using a
lid or through further overmolding. In other words, the MMIC may be enclosed in a
package body portion comprising a package base and a package lid.

In various embodiments, MMIC package 410 or “the package body portion”
may comprise a lid (package lid) 420 and an overmold box (or package body portion)
430. Lid 420, in various embodiments, comprises at least one of the following
materials: injection molded plastic, ceramic, stamped plastic, metal, and/or the like. In
various embodiments, these materials may be one of: metal plated and not metal
plated. Furthermore, in various embodiments, a radio frequency absorbing material is
provided on a first surface of the package lid. This first surface of the package lid may
be described as facing the interior of the package. In various embodiments, the first
surface may be described as facing the electronic device, facing the die, or facing the
MMIC. Moreover, the radio frequency absorbing material, in one example
embodiment, comprises “Ecosorb”.

Lid 420 may be secured to overmold box 430 using any suitable technique.
For example, a glue may be used to connect the two objects. In one example

embodiment, a B-Staged Epoxy is used to attach lid 420. Furthermore, in various

14
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embodiments, lid 420 is sealed to overmold box 430. Such sealing may be performed,
for example using an ultrasonic lid seal. Furthermore, any suitable techniques may be
used for sealing or otherwise attaching lid 420 to overmold box 430. In various
embodiments, the seal may be a hermetic seal.

Thus, in accordance with various embodiments, a MMIC package (or
overmolded package body portion) may comprise: a package lid and an overmolded
package base; wherein the package lid and the overmolded package base are
connected together so as to hermetically seal the die within a cavity inside the
overmolded package body portion.

In one example embodiment, and with momentary reference now to Figure
10D, an example lid may comprise a raised middle portion. This raised middle portion
may be configured to facilitate alignment of the lid and base portion, and/or
sealing/attaching of the lid to the base portion. In another example embodiment, the
raised middle portion is configured to facilitate positioning the RF absorbing material
that is attached to the raised middle portion.

In accordance with other example embodiments the overmolded package is
a fully encapsulated overmolded package. In various embodiments, the MMIC is fully
encapsulated by adding overmold material over the MMIC after placing/wirebonding
the MMIC within the overmolded package. For example, injection molding may be
used to finish encapsulating the MMIC in the package.

With reference now to Figures SA and 5B, the MMIC package may be further
processed by bending the protruding leads into a desired shape as may be further
described below. The leads may comprise, for example, bias input leads 502, and

microwave input leads 504.
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In various embodiments, a MMIC package 500 further comprises an
integrated partial waveguide interface 550. Integrated partial waveguide interface 550
may further comprise a microstrip portion 530 and a launch 540. Again, it is noted that
the microstrip could be any suitable structure for communicating an RF signal along
integrated partial waveguide interface S00 (e.g., waveguide transition, coaxial, and or
the like). The microstrip portion 530 may comprise a microstrip and an overmold
material. The microstrip may be at least partially overmolded. Stated another way,
the microstrip may be at least partially supported, by an overmold material. In one
example embodiment, the overmold material may be only on one side of the
microstrip. In another example embodiment, the microstrip may be covered by the
overmold material. Furthermore, although shown as covering the entire length of the
microstrip, the overmold material may only be in contact with the microstrip for a
portion of its length. Thus, the overmold material may be in contact with at least a
portion of the microstrip.

Although described herein as a package comprising an integrated partial
waveguide interface, in various embodiments, the waveguide interface is not
integrated with the MMIC package. Moreover, the partial waveguide interface may
comprise a transmission line (e.g., microstrip, coaxial, stripline). The stripline may be,
for example, a suspended stripline. In various embodiments where the overmold
material is under the microstrip, the overmold material may be from 2 mils to 60 mils
thick, and in various embodiments may be 5 mills to 30 mils thick, and in various
embodiments may be about 10 mils thick. Furthermore, any suitable thickness of

overmold material under the microstrip may be used.

16
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The microstrip portion may facilitate providing a filtering function for the
signal communicated along the microstrip. In this regard, the overmold may be a
dielectric material. The microstrip portion may function as a suspended strip-line. In
various embodiments, the microstrip portion is a 50 ohm line. Moreover, the line, in
various embodiments, may be configured to have an impedance in the range of 5 ohms
to 400 ohms. Furthermore, any suitable impedance for the line may be used. In
various embodiments, the microstrip portion is configured to extend the probe from
the package. In various embodiments, the microstrip portion may extend a short
distance, such as from 0.1 inches to 1 inch. However, any suitable extension length
may be used.

In various embodiments, the word integrated in the phrase “integrated
partial waveguide interface” means that the overmold material of the microstrip
portion 530 is integral with the overmold material of the overmold package. The
microstrip portion 530 may comprise the same overmold material as used in the rest of
the overmolded package. In other various embodiments, different overmold material
may be used in different locations of MMIC package 500.

In various embodiments, launch 540 is not overmolded. In other various
embodiments, launch 540 is overmolded on one side. For example, the overmold
material may extend under the probe. The supporting material may thus be in contact
with all of the microstrip, and/or part or all of the launch. Such variations may involve
trade offs with respect to signal quality and robustness.

In accordance with various embodiments, launch 540 is an e-plane launch.
As an e-plane launch, launch 540 is configured to launch a signal into a waveguide

perpendicular to the microstrip/launch. In accordance with other various
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embodiments, launch 540 is an H-plane launch. As an H-plane launch, launch 540 is
configured to launch straight ahead. Furthermore, launch 540 may be any suitable type
of launch or may comprise any other waveguide transition known or hereinafter
discovered.

In some embodiments, MMIC package 500 comprises more than one
integrated partial waveguide interface. For example, one integrated partial waveguide
interface may be an input interface and another integrated partial waveguide interface
may be an output interface. In other example embodiments, multiple input and/or
output interfaces may be formed as integrated partial waveguide interfaces. One
example embodiment may comprise two or more input interfaces and a single output
interface, all configured as integrated partial waveguide interfaces. Another example
embodiment may comprise a single input interface and two or more output interfaces,
all configured as integrated partial waveguide interfaces.

It is noted, with reference to Figure 58, that pad 220, also known as a “die
paddle” is located in the package so as to be flush with the bottom of MMIC package
500. In one example embodiment where the die paddle is not flush with the bottom of
MMIC package 500, and with momentary reference now to Figure 10C, a slot in the
overmold is configured to hold the leadframe.

It is further noted that the microstrip portion 530 and launch 540 of
integrated partial waveguide interface 550 does not comprise a complete waveguide
interface. At least a cover is missing to call it a complete waveguide interface. Thus,
interface 550 is denominated a partial waveguide interface. And because this partial

waveguide interface is integral with the MMIC package, it is more particularly
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denominated an integrated partial waveguide interface. Thus, MMIC package 500
comprises an integrated partial waveguide interface.

Stated another way, in accordance with various embodiments, a
semiconductor device may comprise a MMIC package including a MMIC and a partial
waveguide interface molded into the molded MMIC package. In accordance with
another example embodiment, a mm-wave MMIC package comprises an overmolded
leadframe package and an integrated wave guide interface that does not include an
integrated waveguide backshort. In accordance with another example embodiment, a
mm-wave MMIC package comprises an overmolded leadframe package and a
integrated partial wave guide interface, wherein the integrated partial waveguide
interface is configured to work in conjunction with a separate waveguide backshort.

In accordance with another example embodiment, a high power, high
frequency MMIC package comprises one or more integrated partial waveguide
interfaces, wherein the MMIC in the MMIC package is one of a power amplifier and a
block up-converter. In this example embodiment, each of the one or more integrated
partial waveguide interfaces are one of: an input interface and an output interface. In
another example embodiment, each of the one or more integrated partial waveguide
interfaces comprise: two input interfaces and two output interfaces. In various
embodiments, an amplifier comprises both a waveguide input and a waveguide output.

One example embodiment may comprise a QFN package plus “half’ a
waveguide interface. The other portion or “half” is provided at a higher assembly level,
as discussed in further detail herein.

In accordance with a different example embodiment, and with reference to

Figure 6, two leadframe assemblies may be used in forming a MMIC package. One of
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the two leadframe assemblies may be formed much like the leadframe assembly
described with reference to Figure 2A. For example, a leadframe 600 may comprise a
frame 610, a pad 620, a strip-line 630, a launch 640, and leads 650. Furthermore, a
second leadframe 601 may be formed. The leadframes may be formed using similar
techniques as described above, and so that discussion will not be repeated here. It will
be noted, however, that pad 620 is discarded, and that support structures for such pad
620 may be omitted in this example embodiment. For simplicity, the term leadframe
package is intended to include a package formed using one leadframe or a package
formed using multiple leadframes. The use of a second leadframe provides another
degree of freedom in design in that the thickness and/or materials of the second
leadframe can differ from that of the first leadframe. This facilitates making the base
leadframe thicker without impacting the thickness of the leads.

With reference now to Figure 7, leadframe 600 may be overmolded similar
to the overmolding described with reference to Figure 3. It is noted that, in various
embodiments, there is no pad (also known as a base or pedestal) at this stage in the
overmolding process. The second leadframe 601 (also known as a base leadframe)
may, with reference to Figure 8, be bonded to the overmolded first leadframe. This
can be done, for example, in an array of leadframes.

With reference now to Figures 9A-98B, an electronic device, die, or MMIC is
positioned inside the overmolded leadframe package, and wirebonded as described
above. In this example embodiment, however, the electronic device is in contact with
the base leadframe instead of with a pad from the first leadframe. The electronic
device may be enclosed within the package as described above. For example, using a

lid or overmolding to enclose or encapsulate the device. The double leadframe MMIC
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package is then trimmed from the frame of the first leadframe and the leads are
shaped. These steps may take place as described above. With reference now to
Figures 10A and 10B, the resulting MMIC package 1000 is similar to that described with
reference to Figures SA and 5B, except that base leadframe 601 extends under the
entire package. In other various embodiments, base leadframe 601 extends under only
a portion of the entire package.

In accordance with another example embodiment, the package may be
processed in parallel with the making of other packages. For example, several
packages may be formed simultaneously in the same leadframe. With momentary
reference to Figure 10E, an example 8 x 1 strip may be used for forming the leadframe,
overmolding the formed leadframe, inserting the MMIC, and encapsulating/enclosing
the MMIC. Any suitable number and arrangement of devices may be used for
simultaneously processing several packages at the same time.

Thus, in accordance with various embodiments, a MMIC package may
comprise: a leadframe based overmolded package (“overmolded package”), a die
positioned within the overmolded package; and a partial waveguide interface, wherein
the partial waveguide interface is integral with the overmolded package. In various
embodiments, the overmolded package does not comprise a printed wiring board.

Turning now in more detail to a discussion of the leads, in various
embodiments, use of the package in a surface mount configuration is anticipated. Such
surface mount use may give rise to mechanical stresses in the package and tends to
give rise to a need for tight tolerances. Because such stresses and tight design criteria
for the tolerances are typically undesirable, in one example embodiment, spring like

leads are used at the DC and RF interfaces. These spring like leads are configured to
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take up mechanical stresses and tolerances. For example, the spring leads are
designed to have a suitable length and shape. Unfortunately, a mechanically elastic
design may be inclined towards longer leads with a larger height, whereas at
microwave frequencies, a better electrical performance will be achieved with shorter
leads having little height.

Therefore, in various embodiments, the length and shape of the leads are
designed to optimize mechanical elastic properties as well as electrical performance
properties. Thus, various RF tuning techniques may be implemented in the design of
the leads.

With reference now to Figures 11A-11C, leads 1150 and 1151 may be formed
(e.g., using cutting or stamping, or the like) and shaped. The leads form at least one DC
interface and at least one RF interface. In various embodiments, the DC and RF
interfaces are configured to connect electrically to a printed wiring board ("PWB").
The leads may have an “S” shape, in one example embodiment. In other various
embodiments, any shape may be used that provides a spring like flexibility facilitating
reduced stress and good contact when the package is surface mounted to the next
higher assembly level. The leads may be designed to take up 2-9 mils or more of
deflection. Moreover, in various embodiments, some applications may involve the
leads taking up deflection on the order of 100 mils. Thus, the leads may be configured
to take up any desired amount of deflection. Moreover, the leads may be 160 mils
long, however any suitable length of the leads to facilitate taking up the desired
deflection may be used.

It is noted that leads 1150 may be DC bias leads, and leads 1151 may be RF

leads. In this regard, some RF tuning may be performed by designing the leads in such
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a way as to offset the RF performance issues that may arise due to the length of the
leads. It is noted that these tuning techniques are dependent on the frequency of the
RF signals. The intermediate frequency signal and local oscillator signals conveyed over
leads 1151 each are associated with a frequency and the design of the leads for tuning
will generally be based on that frequency.

For example, and with reference now to Figures 11A and 12A-F, the spacing
between leads may be used to affect tuning (e.g., Figure 12A). In another example
embodiment, the width of the leads may be used to effect tuning (e.g., Figure 12A). In
another example embodiment, some of leads 1151 may be designed with specific
shapes in the vicinity of the package overmold. Such shapes may facilitate impedance
tuning.

In various embodiments, shaped leads might comprise: tapered leads (e.g.
Figure 12B), straight leads (e.g. Figure 12C), neck-up leads (e.g. Figure 12D - showing
the lead getting wider and then narrower) in certain areas, and neck-down leads (e.g.,
12E - showing the lead stepping down to a narrow lead and then stepping back up in
width. Such shaping may occur during the process of cutting out the leadframe shape.
Furthermore, any other suitable tuning methods may be used for on-package tuning,
such as customizing the wire lengths, adjusting the positions of the end of the wire on
the leads, and adjusting the proximity to ground.

Moreover methods of tuning the RF signal carried over the leads may be
implemented at the package/PWB interface. With reference now to Figure 12F, in
another example embodiment, off-package tuning techniques are utilized to further
tune the RF signal to compensate for the length of the leads. Such off package lead

tuning techniques may include use of shaped leads on the printed wiring board (similar
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to shaped leads used on the MMIC package). Such may also involve a ground-signal-
ground arrangement (coplanar waveguide structure).

In accordance with various embodiments, the MMIC package may be used in
the next higher assembly level. For example, the MMIC package may be used in a
transceiver. Moreover, the MMIC package may be used in any suitable higher level
assembly. For example, the MMIC package may be used in high power amplifiers
and/or high power millimeter wave modules, or any suitable higher level assembly.

In such higher level assemblies, the MMIC package may be surface mounted.
Several embodiments of such an assembly are described, but other assemblies may
also be implemented. In one example embodiment, the MMIC package is placed on a
printed wiring board (“PWB"). The PWB is placed on a chassis and/or within a housing.

The PWB, in various embodiments comprises any type of printed wiring
board (also known as printed circuit board). The PWB is configured to facilitate surface
mounting of the MMIC package. With reference now to Figure 13, an example PWB
1310 may be connected to MMIC package 1300. MMIC package 1300 may be
physically positioned on PWB 1310 using pick-and-place technology. Moreover, any
suitable method of placing MMIC package 1300 on PWB 1310 may be used. Various
leads of MMIC package 1300 may connect with bond pads on PWB 1310. The leads, in
one example embodiment are reflow soldered to the bond pads. Moreover, any
suitable infrared reflow, wave soldering, or any other suitable surface mounting
techniques may be used to electrically connect MMIC package 1300 to PWB 1310.

PWB 1310 may further have a hole 1320. Hole 1320 is, in one example
embodiment configured to facilitate thermal and RF communication between MMIC

1300 and the chassis on which PWB 1310 is to be connected. Hole 1310 may be any
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size or shape as suitable. Hole 1320 may also be referred to as a “part bridge.” With
reference now to Figures 14A and 14B respectively, it is noted that for either of the
exemple embodiments described above (i.e., a single leadframe package or a double
leadframe package), the underside of MMIC packages 1400A / 1400B are exposed due
to (or through) the part bridge 1320 cut in PWB 1310.

In this regard, part bridge 1320 is configured to facilitate MMIC package
1300 contacting a heat sink on a chassis via part bridge 1320. It will be noted that for
MMIC package 1400A, the single leadframe package, the die paddle is aligned with part
bridge 1320 in PWB 1310. Similarly for MMIC package 1400B, a double leadframe
package, the base leadframe 1401 is aligned with part bridge 1320 in PWB 1310. Thus,
exposing the underside or “bottom” of packages 1400A and 14008 facilitates heat
transfer to a heat sink located on the opposite side of PWB 1310.

Part bridge 1320 further provides a bridge to a waveguide located in a
chassis, where the chassis is primarily located on the side of the PWB opposite MMIC
package 1300. In these various embodiments, the launch is aligned over part bridge
1320.

In accordance with a first example embodiment, and with reference now to
Figure 15, MMIC package 1500 is first electrically connected to PWB 1510 and then
PWB 1510 is placed in contact with a chassis. In accordance with another example
embodiment, PWB 1510 is connected to the chassis and then MMIC package 1500 is
connected to PWB 1510.

Either way, in accordance with various embodiments, a transceiver (e.g.,
transceiver 110 from Figure 1) may comprise a housing into which PWB 1510 and

MMIC package 1500 are placed. The transceiver housing may comprise a first portion
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and a second portion. The first portion may also be called avtop portion and the
second portion may be called a bottom portion. Furthermore, the first portion may be
called a lid in some example embodiments. The first portion/top portion/lid is not
illustrated, but an example second portion or bottom portion 1570 is illustrated in
figure 15.

It will be noted that in various embodiments, bottom portion 1570 of the
housing may be called a chassis. In other words, the chassis and the bottom portion
1570 of the housing may be one part. In other example embodiments, the bottom
portion 1570 of the housing may be formed from multiple parts. In this second
example embodiment, a chassis may be configured to drop into bottom portion 1570
of the housing. Thus, PWB 1510 may be located on bottom portion 1570 or PWB 1510
may be located on a chassis that is located on bottom portion 1570. Non-limiting
examples of housing and chassis embodiments are disclosed in U.S. Patent Application
No. 12/268,840, “Integrated OMT” and 12/614,185, “Molded Orthomode Transducer”
the contents of which are incorporated by reference in their entirety for their
treatment of example higher level assemblies.

In any event, PWB 1510 comprises a first side and a second side opposite the
first side. MMIC package 1500 may be on the first side and a structure that is attached
to the second side may comprise a waveguide. This structure will be generically called
a chassis herein and it will be understood that the chassis is a portion comprising a
waveguide and a heat sink, regardless of the number of components or configuration
of the chassis/bottom portion of the housing.

The chassis may comprise a pedestal. The pedestal may be a raised portion

of the chassis. The raised portion, in various embodiments is configured to extend
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through the part bridge in the PWB. With reference now to Figures 16A and 168,
single leadframe and double leadframe MMIC packages 1600A and 16008,
respectively, in various embodiments, are in contact with a raised pedestal 1660 of the
chassis. Moreover, launch 1640 is suspended over a waveguide 1680.

With reference now to Figures 17A-17D, a pedestal may exist on the chassis.
In various embodiments, a pedestal 1760 is a raised portion of chassis 1770. Pedestal
1760 may be formed by removing material from chassis 1770. For example, material
may be removed by etching, grinding, laser ablation, chemical etching,
stamping/coining and/or the like. In another example embodiment, pedestal 1760 is
formed by adding material to chassis 1770. For example, material may be added by
welding, deposition, and or other suitable techniques. Moreover pedestal 1760 may
be formed by casting, metal injection molding, and/or the like. Any suitable method of
making pedestal 1760 may be used.

Pedestal 1760 may be formed of the same material as chassis 1770. In
another example embodiment, pedestal 1760 is formed from a different material than
chassis 1770. The pedestal and/or chassis material may comprise one of the following:
metal, aluminum alloy, copper, zinc, or any metal alloy. Moreover, pedestal and/or
chassis material may comprise any suitable material.

Pedestal 1760 may be configured to support MMIC package 1700. In
another example embodiment, pedestal 1760 is configured to provide a thermal path
from MMIC 1700 to chassis 1770. Therefore, in an example single leadframe MMIC
package, such as illustrated in Figure 178, the pedestal may be shaped to fit inside the
lip formed from the overmold material and to contact the pad 1720. In various

embodiments then, pedestal 1760 may comprise multiple steps. Pedestal 1760 may
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for example comprise a first portion 1761 of a first height. Pedestal 1760 may for
example comprise a second portion 1762 of a second height. The first portion 1761
may suitably support the overmold material and/or microstrip portion of MMIC
package 1700. The second portion 1762 may be configured, in various embodiments
to make a thermal contact with the pad 1720 on the underside of MMIC package 1700.
Thus, in various embodiments, second portion 1762 of pedestal 1760 may comprise a
surface configured for being placed in thermal contact with pad 1720 of MMIC package
1700.

With reference to Figure 17C, the pedestal may be at least partially
surrounded by a PWB 1710. For example, PWB 1710 may be located on one end and
partially on both sides of pedestal 1760. However, in another example embodiment,
PWB 1770 may surround the pedestal (see for example, Figure 15). PWB 1770 may be
mounted to or in contact directly with chassis 1770. In other example embodiments
PWB 1770 may be mounted to or in contact with one or more objects or layers that are
mounted to or in contact with chassis 1770.

it should be noted that in the example embodiment comprising a double
leadframe, the base leadframe is continuous and a single step pedestal may be used.
For that matter, if the base leadframe is of sufficient height, the pedestal could be
eliminated.

With momentary reference to Figure 17D, a number of structures each have
their own manufacturing tolerances. For example, the height of the pedestal (Lyegestal),
the height of the base leadframe (Lyas.), the height of the package from the bottom of
the package to the bottom of the leads (Lysoge). the height of the spring when not

deflected under force (hgying), and the height of the PWB (Lpoars): The summation of
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several such manufacturing tolerances can make it difficult to consistently
manufacture a combined assembly where good thermal contact is made, without
stresses or strains on the MMIC package. As mentioned above, in accordance with
various embodiments, the springy leads facilitate taking up the manufacturing
tolerances, and/or relieves strain from thermal mismatches.

As mentioned before, the MMIC package may be configured to be in thermal
contact with the chassis. This may be accomplished for example via a pedestal that is
in thermal contact with both the MMIC package and the chassis. The chassis may serve
as the heat sink. In various embodiments, and with reference to Figure 15, the
chassis/housing comprises fins for dissipating heat from the chassis to the
environment.

Thus, in various embodiments, a housing comprises: a metal chassis having a
waveguide; a PWB attached to the metal chassis; a package comprising an MMIC and a
metal portion on a first surface of the package, and a cover separately connected to at
least one of the metal chassis and the package. In this embodiment, the MMIC is in
direct thermal contact with the metal portion, the package is electrically connected to
the PWB, and the metal portion of the package is physically in contact with the metal
chassis providing a direct heat sink path from the MMIC to the metal chassis.

Thus, the paddle/base leadframe each serve as a thermal interface between
the MMIC and the pedestal/chassis. The raised pedestal in the chassis is configured to
mate to the paddle or base leadframe. In various embodiments, thermal grease or
epoxy may be used between the pedestal and the paddle or base leadframe.

In various embodiments, the use of a deep downset pad and placing the

MMIC or other electronic device on the pad facilitates removing heat efficiently from
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the MMIC package. Similarly, the use of a base leadframe and placing the MMIC on
the base leadframe facilitates removing heat efficiently from the MMIC package.
These techniques facilitate thermal enhancement, which is defined to mean improving
the rate of heat transfer from the MMIC package when compared to a MMIC package
that does not employ the use of such techniques. Furthermore, thermal enhancement
may be achieved by any suitable arrangement wherein the MMIC is separated from the
chassis by nothing more than leadframe material. Stated another way, in various
embodiments, the die in the MMIC package has a direct thermal path through a
portion of the leadframe to the exterior of the overmolded package. The die in the
MMIC package may also have a direct thermal path through a portion of the leadframe
to the chassis.

In various embodiments, the MMIC package comprises a heat sink interface.
The heat sink interface is a portion of a leadframe. The heat sink interface may be
located on a “bottom side” (i.e., the side closest to the chassis) of the MMIC package.
Although, in other example embodiments, the heat sink may be the lid. The heat sink
interface may be integrated in the overmolded package. In some example
embodiments, the heat sink is flush with a bottom surface of the overmolded package.
In other example embodiments, the heat sink interface is recessed within the MMIC
package.

At a system level, an example transceiver comprises an overmolded package,
a chassis, and a PWB, wherein the overmolded package is in electrical contact with the
PWB and wherein an electrical device within the overmolded package is in thermal
contact with the chassis. In one example embodiment, the heat sink interface is in

direct contact with the chassis when the overmolded package is in contact with the
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PWB. In various embodiments, the PWB does not interpose between a heat transfer
portion of the package and a pedestal portion of the chassis. In other example
embodiments, the MMIC package comprises a second leadframe that is a heat sink
leadframe, wherein the heat sink leadframe is in direct contact with the chassis. It
should be noted that in this discussion, the pedestal is considered to be part of the
chassis.

It is noted that in various embodiments, power amplifiers may be high
power, high frequency power amplifiers. In some example embodiments, this may
mean that the frequency may be greater than 10 GHz and the RF power may be
greater that 1W or the dissipated power may be greater than 5W. However, the high
power, high frequency power amplifiers may comprise other suitable frequencies and
power level combinations.

In accordance with another example embodiment, the cover provides a
secondary heat sink path for the package.

With reference now to Figures 18A-18C, and Figures 13A-19C, it is noted that
although the launch and the waveguide are now aligned with and in proximity to the
waveguide, at this stage in the assembly process the waveguide interface is
incomplete. In various embodiments, a cover, e.g. 1890A-1890C, is provided to
complete the waveguide interface.

The cover may comprise any suitable material. For example, the cover may
be made of metal, metalized plastic, Zn, and/or the like. In various embodiments, the
cover is die cast, stamped, machined, etched, and/or the like. Furthermore, any
method of manufacturing the cover may be used. The cover may be an electrically

conductive cover.
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In various embodiments a cover, e.g. 1890A-1890C, is attached to chassis
1870. The cover may be attached using bolts, screws, epoxy, clamps, and/or any
suitable attachment method.

Covers 1890A-1890C, respectively, provide a clamping force for securing
MMIC package 1800 to the PWB (not shown). Thus, cover 1890A and 1890C cover a
small portion of MMIC package 1800 and provide a clamping force. In accordance with
another example embodiment, a cover may be placed over a large portion of MMIC
package 1800. For example, cover 18908 covers all of MMIC package 1800. It is noted
that similar types of covers may be used in connection with single and double
leadframe overmolded packages.

In accordance with various embodiments, the overmolded package is
mounted to a chassis and the cover is mounted over at least the partial waveguide
interface. Furthermore, the cover may be mounted over more or less of the MMIC
package. The cover may provide a holding force that retains the overmolded package
in fixed position relative to the chassis.

In various embodiments, the cover is a separate component from the
overmolded package and also a separate component from the chassis. In one example
embodiment, the cover is just the transceiver lid. Furthermore, the cover may
additionally form certain shielding walls associated with the package, if desired.

Covers 1890A-1890C each, in various embodiments, comprise a backshort.
Each may comprise a partial RF channel leading into the waveguide. In a further
example embodiment, cover 1890A-1890C may comprise a step-launch. Furthermore,

any suitable transition to waveguide may be used as now known or hereinafter

invented.
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The cover may be located over part of the integrated partial waveguide
interface. Stated another way, the launch may be enclosed between the chassis and
the cover. Thus, a wave guide interface comprises, in various embodiments, the cover
and the MMIC package (comprising an integrated partial waveguide interface). In
various embodiments, a partial interface is a first portion of the waveguide interface
and the cover is a second portion of the waveguide interface. In this example
embodiment, the first and second portions of the waveguide interface comprise a
whole waveguide interface. Moreover, the cover may comprise walls in addition to a
top portion.

The cover provides a clamping/‘bolt down’ function for securing the
overmolded package relative to the chassis. In the prior art, a package is typically
designed so that the bolt down function is part of the package - as opposed to having
that function provided by an external component. However, in various embodiments,
the overmolded package is clamped between a portion of the cover and the chassis. In
accordance with various embodiments, the cover provides a secondary heat transfer
path for removing heat from the overmolded package. The cover may be configured to
direct RF signals between the launch and the WG.

Thus, in accordance with various embodiments, a transceiver comprises: a
surface and a MMIC package, wherein the surface is configured to support the MMIC
and transfer heat away from the MMIC, wherein the MMIC package is configured to be
surface mounted to the surface, wherein the MMIC package comprises no bolt holes
and is not directly bolted to the surface; and a cover, wherein the MMIC package is
held in contact with the surface by the cover, wherein the cover is bolted to the

surface, and wherein the cover partially covers the MMIC package.
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In accordance with another example embodiment, a MMIC package, for
surface mounting to the next assembly level, comprises: a leadframe based
overmolded package (“overmolded package”), and a die positioned within the
overmolded package; wherein the package specifically excludes bolt holes for surface
mounting to the next assembly level. In further example embodiments, the MMIC
package further comprises a cover that includes bolt holes for surface mounting the
cover to the next assembly level and the cover provides a force to hold the MMIC
package to the next assembly level.

In one example embodiment, and with reference to Figure 19C, cover 1990
comprises a surface 1991 configured for contact with a MMIC package and for
providing a clamping force over the MMIC package. Surface 1991 may further be
covered with an RF foam. For example, CRS-124 from Emmerson-Cumming
Corporation, or similar materials may be used. The RF foam may facilitate RF isolation
of the package. The RF foam may further provide some spring for the protection of the
MMIC package from stress and strains.

With reference to Figures 19A and 19B, an example exploded view and an
example assembled view of a chassis 1970 and PWB 1910 assembly is discussed. In
various embodiments, a MMIC package 1900 is connected to PWB 1910 electronically
and to chassis 1970 thermally, with a cover 1990. Cover 1990 has a RF absorptive
material 1991 connected thereto.

In accordance with another example embodiment, not shown, an
overmolded package (MMIC package) is formed as described herein, but without an

integrated partial waveguide interface.
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Thus, in accordance with various embodiments described herein, a housing
comprises: a metal chassis having a waveguide; a package having a portion of an
waveguide interface that is integrated in the package, wherein the package is attached
directly to the metal chassis aligning a probe portion, of the portion of the waveguide
interface, with the waveguide in the metal chassis; and a cover separately connected
to at least one of the metal chassis and the package, wherein the cover is one of metal
or metalized plastic, and wherein the cover forms a waveguide backshort for the
waveguide.

In accordance with another example embodiment, a transceiver device
comprises: an MMIC package; and a cover, wherein the cover is a transceiver RF cover,
and wherein the transceiver RF cover forms a TX waveguide backshort.

In accordance with another example embodiment, an antenna system
comprises a transceiver, and the transceiver comprises: an MMIC package; and a cover,
wherein the cover is a transceiver RF cover, and wherein the transceiver RF cover
forms a TX waveguide backshort.

In accordance with various embodiments, and with reference to Figure 20, a
method 2000 of forming a mm-wave MMIC device comprises the steps of: forming a
leadframe comprising leads (step 2010); overmolding the leadframe (step 2020);
connecting an electronic device to the leadframe within the package body (step 2030);
and enclosing the electronic device within the package (step 2040).

In various embodiments, the leads comprise one or more of the following:
DC leads, RF leads, a microstrip, and an RF launch. In various embodiments, the
leadframe further comprises a pad, and forming a leadframe (step 2010) comprises

deep downsetting the pad relative to other portions of the leadframe.
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In various embodiments, overmolding the leadframe (step 2020) creates a
package body that is integral with the leadframe. In another example embodiment,
overmolding the leadframe further includes overmolding at least a portion of the
microstrip.

In various embodiments, connecting an electronic device to the leadframe
within the package body (step 2030) further comprises wirebonding the electronic
device to bond pads of the leadframe. In various embodiments, the electronic device
comprises an integrated circuit. Furthermore, in various embodiments, the electronic
device comprises an MMIC. In various embodiments, enclosing the electronic device
within the package (step 2040) further corﬁprises sealing the electronic device within a
cavity by adding a package lid. In various embodiments, the package base and package
lid form a package body portion with a protruding integrated partial waveguide
interface comprising the microstrip and the RF launch. In another example
embodiment, enclosing the electronic device within the package (step 2040) further
comprises overmolding the package base to form a package body portion with a
protruding integrated partial waveguide interface.

In accordance with an additional example embodiment, a method of
manufacturing an RF system further comprises the steps of: placing the package on a
PWB (step 2050), reflow soldering the package to the PWB (step 2060), and securing
the PWB to a chassis and securing a cover to the chassis (step 2070). In one example
embodiment, placing the package is done using “pick and place” technology. In
another example embodiment, placing the package is done by surface mounting the

package to the PWB.
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In accordance with another example embodiment, the PWB is attached to a
chassis, and a cover is secured to the chassis. In this example embodiment, the chassis
comprises a waveguide, and the package is surface mounted with the RF launch
aligned with the waveguide. In various embodiments, the attached cover forms a
backstop for the waveguide.

In various embodiments, the integrated partial waveguide interface is
completed to form a complete waveguide interface only after the overmolded package
is completely assembled. In various embodiments, the integrated partial waveguide
interface is completed to form a complete waveguide interface only after the
overmolded package is completely assembled and attached to a chassis. In other
example embodiments, the integrated partial waveguide interface is completed to
form a complete waveguide interface only after the overmolded package is completely
assembled, attached to a chassis, and a cover is attached. In yet other example
embodiments, the integrated partial waveguide interface is completed by attaching a
cover to a chassis with a launch of the integrated partial waveguide interface located
between the cover and the chassis. The chassis may, for example, be part of a
transceiver system.

Thus, in various embodiments, an MMIC package may be formed in a cost
effective manner. The MMIC package may be made relatively inexpensively (for
example) through use of injection molding. Mass production is facilitated, and at the
MMIC package level, no PWB is used.

Moreover, the use of the MMIC package facilitates reliability, and
manufacturing efficiency. The MMIC package can be installed using a pick and place

technology. The package can be surface mounted, and/or reflow soldered. This is in
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contrast to hand soldering MMIC's directly to the PWB. In this manner, rework may be
reduced. Furthermore, these methods facilitate production of low cost/high volume
packages. Moreover, heat dissipation is improved as compared to heat dissipation
where the MMIC is directly attached to the PWB. For example, heat dissipation may be
over 20 watts over a small area (such as for example, 1 to 5 square mm, although other
small area sizes may be used).

Use of the MMIC package gives rise to an issue regarding stacking tolerances.
This issue is important in that the MMIC package/PWB/chassis interaction can give rise
to stresses and fractures if not accounted for. These tolerance issues are inexpensively
addressed using spring like leads.

In the prior art, it was not obvious to make a MMIC package and/or
integrated waveguide MMIC package out of plastic overmold material. An all plastic
encapsulated component would likely experience thermal transfer problems.
Moreover, if the waveguide interface were entirely made of plastic, there might be
problems with RF shielding and forming the waveguide backshort. But the
construction techniques described herein facilitate a plastic MMIC package with
desirable thermal transfer characteristics. And the integrated partial waveguide
interface facilitates forming a plastic MMIC package without the RF shielding and
backshort issues.

In various embodiments, the Intermediate Frequency signal could be in the
range of O to 10 GHz and the Local Oscillator and RF signals may be in the 10 to 100
GHz frequency ranges. Although any suitable frequency ranges may be used.

It should be noted that the term surface mounting is used herein in a slightly

different convention. However, it is still the case that the components discussed
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herein as being surface mounted can, in various embodiments, be installed using
standard surface mount manufacturing equipment and techniques. Thus, they are
described as surface mounted even though the mounting may be relative to two or
more surfaces (e.g., the pedestal and the PWB).

Statements of Invention

In an example embodiment, a semiconductor device comprises: a molded
MMIC package including a MMIC; and a partial waveguide interface molded into the
molded MMIC package. In one example embodiment, the molded MMIC package and
the partial waveguide interface are formed using a leadframe that is injection
overmolded, and wherein the injection overmolding is performed with a liquid crystal
polymer material. In an exemplary embodiment, an antenna system comprises a
transceiver, and the transceiver comprises such a semiconductor device; and further
comprises a cover, wherein the cover is a transceiver RF cover, and wherein the
transceiver RF cover forms a transmit waveguide backshort, and wherein the
combination of the cover and the partial waveguide interface comprises a complete
waveguide interface.

In an example embodiment, a radio frequency (“RF”) MMIC package
comprises: a package body portion comprising a MMIC disposed within the package
body portion; a partial waveguide interface; an overmold material forming portions of
both the package body portion and the partial waveguide interface so as to cause the
partial waveguide interface to be an integral part of the package body portion; and a
leadframe, wherein the leadframe is electrically connected to the MMIC, and wherein
the leadframe forms part of both the package body portion and the waveguide

interface.

39




30 Aug 2011

2011218651

[00143]

10

[00144]

15

20

In one example embodiment, the package body portion further comprises: a
package base; and a package lid connected to the package base to form the package
body portion, wherein the package lid is connected to the package base such that the
MMIC is hermetically enclosed within a cavity inside the RF MMIC package. In one
example embodiment, the overmold material is a liquid crystal polymer (“LCP”). In one
example embodiment, the package lid is formed of at least one of the following
materials: injection molded plastic, ceramic, stamped plastic or metal; and wherein the
materials are one of metal plated and not metal plated. In one example embodiment,
a radio frequency absorbing material is provided on a first surface of the package lid,
wherein the first surface of the package lid faces the die. In one example embodiment,
the radio frequency absorbing material comprises ecosorb. In one example
embodiment, the package body portion is a fully encapsulated overmolded package.

In one example embodiment, the RF MMIC package comprises more than
one integrated partial waveguide interfaces. In one example embodiment, the
integrated partial waveguide interface is a first integrated partial waveguide interface,
and wherein the RF MMIC package comprises both the first integrated partial
waveguide interface and a second integrated partial waveguide interface. In one
example embodiment, at least one of the following: the first integrated partial
waveguide interface is an input interface, and the second integrated partial waveguide
interface is an output interface; the first and second integrated partial waveguide
interfaces are each an input interface; and the first and second integrated partial
waveguide interfaces are each an output interface. In one example embodiment, at
least one of the following: the first integrated partial waveguide interface is an input

interface, and the second integrated partial waveguide interface and a third integrated

40




30 Aug 2011

2011218651

10

[00145]

15

20

[00146]

partial waveguide interface are output interfaces; the first and second integrated
partial waveguide interfaces are each an input interface, and the third integrated
partial waveguide interface is an output interface. In one example embodiment, the
integrated partial waveguide interface is at least partially supported, at least on one
side, by an overmold material integral with the overmold material of the package body
portion. In one example embodiment, the integrated partial waveguide interface
comprises a signal conducting structure, supporting material, and a launch. In one
example embodiment, the supporting material is the same overmold material used in
the rest of the MMIC package, and wherein the supporting material is in contact with
at least a portion of the signal conducting structure.

In one example embodiment, the MMIC package is at least partially formed
by one of: injection molding with an overmold material; and molding or casting, with
an overmold material. In one example embodiment, the overmold material comprises
one of: any dielectric moldable material; a ceramic; and a polymer. In one example
embodiment, the polymer comprises one of the following polymers: liquid crystal
polymer (LCP), Polyphenylene Sulfide (PPS), Polyether ether ketone (PEEK), any
thermoplastic polymer, and any thermoset polymer. In one example embodiment, the
MMIC package is at least partially formed by molding or casting, with an overmold
material, and further comprising a slot in the overmold material configured for
securely holding a portion of a leadframe. In one example embodiment, the die
comprises a MMIC. In one example embodiment, the MMIC comprises a high power
amplifier.

In one example embodiment, the MMIC package further comprises at least

on RF interface and at least one direct current (“DC”) interface, and wherein the DC
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interface is electrically connected to a printed wiring board (“PWB”). In one example
embodiment, the MMIC package further comprises a lead structure formed from a
leadframe that is at least partially enclosed in an overmold material, wherein the lead
structure forms the at least one DC interface. In one example embodiment, the
leadframe comprises one of: copper, copper alloy, other metals. In one example
embodiment, the MMIC is attached via wirebonds to the DC interface inside the
package. In one example embodiment, the at least one DC interface comprises spring
leads that are configured to compensate for mechanical stresses and tolerances. In
one example embodiment, the at least one RF and DC interfaces each comprise spring
leads. In one example embodiment, leads are shaped to provide controlled
characteristic impedance. In one example embodiment, the MMIC package further
comprises at least one radio frequency (“RF”) interface, and wherein the RF interface is
electrically connected to a printed wiring board (“PWB”), and further comprising a lead
structure formed from a leadframe that is at least partially enclosed in an overmold
material, wherein the lead structure forms the at least one RF interface; wherein the
MMIC is attached to the RF interfaces inside the package via wirebonds; and wherein
the at least one RF interface comprises spring leads that are configured to compensate
for mechanical stresses and tolerances.

In one example embodiment, the MMIC package further comprises an
external electrically conductive cover (“cover”), and a waveguide interface, wherein
the partial waveguide interface is a first portion of the waveguide interface and the
cover is a second portion of the waveguide interface. In one example embodiment,
the MMIC package further comprises an electrically conductive cover (“cover”),

wherein the partial waveguide interface comprises a first portion of a waveguide
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interface, wherein the cover comprises a second portion of the waveguide interface,
and wherein the first and second portions of the waveguide interface comprise a
whole waveguide interface. In one example embodiment, the RF MMIC package is
mounted to a chassis and the cover is mounted over at least the partial waveguide
interface. In one example embodiment, the cover forms a waveguide backshort. In
one example embodiment, the cover provides a holding force that retains the RF MMIC
package in fixed position relative to the chassis. In one example embodiment, the
cover is a separate component from the RF MMIC package. In one example
embodiment, the cover is made of metal or is metalized. In one example embodiment,
cover provides a clamping/‘bolt down’ function for securing the RF MMIC package
relative to the chassis. In one example embodiment, a transceiver comprises the
MMIC package, wherein the RF MMIC package is mounted to a chassis, and wherein
the transceiver further comprises a cover comprising a backshort, wherein the back
short is located over at least part of the integrated partial waveguide interface, and
wherein the RF MMIC package is clamped between a portion of the cover and the
chassis. In one example embodiment, the cover is attached via screws or bolts. In one
example embodiment, a transceiver device comprises the RF MMIC package, and a
transceiver RF cover, wherein the transceiver RF cover forms a transmit waveguide
backshort.

An example method of forming a mm-wave MMIC package comprises the
steps of: forming a leadframe comprising leads, wherein the leads include DC leads, RF
leads, a waveguide transition, and an RF launch; overmolding at least a portion of the
waveguide transition and portions of the leadframe, wherein the overmolding creates

a package base that is integrated with a partial waveguide interface, wherein the
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partial waveguide interface protrudes from the package base, wherein the integrated
partial waveguide interface comprises the waveguide transition and the RF launch; and
attaching and electrically connecting a MMIC to the leadframe within the package
base.

In one example embodiment, the method further comprises adding a
package lid and sealing the MMIC within a cavity formed between the package lid and
the package base, wherein the combination of the package lid and the package base
form a package body portion. In one example embodiment, electrically connecting
comprises wire bonding, and wherein attaching comprises using epoxy to attach. One
example embodiment further comprises the steps of: surface mounting the mm-wave
MMIC package to a chassis, wherein the chassis comprises a waveguide, wherein the
package is surface mounted with the RF launch aligned with the waveguide; and
attaching a cover that forms a backshort for the waveguide. In one example
embodiment, the integrated partial waveguide interface is completed to form a
complete waveguide interface when the MMIC package is completely assembled,
attached to a chassis, and a cover is attached. In one example embodiment, the
integrated partial waveguide interface is completed by attaching a cover to a chassis
with a launch of the integrated partial waveguide interface located between the cover
and the chassis.

In an example embodiment, a high power, overmolded MMIC device is
disclosed, with one or more integrated partial waveguide interfaces, wherein high
power is defined as thermal dissipation from the MMIC of greater than one of: 5 watts,
8 watts, or 10 watts, wherein the MMIC is a high frequency MMIC, wherein high

frequency is defined as a frequency of 8 GHz or higher. In one example embodiment,
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the MMIC device is one of a power amplifier and a block up converter. In one example
embodiment, the one or more integrated partial waveguide interfaces are each one of:
an input interface and an output interface; two input interfaces; and two output
interfaces.

In an example embodiment, a mm-wave MMIC device comprises: an
overmolded leadframe package; and a integrated partial wave guide interface that is
configured to work in conjunction with a separate waveguide backshort.

In an example embodiment, a MMIC package comprises: a leadframe based
overmolded package (“overmolded package”), a die positioned within the overmolded
package; and a partial waveguide interface, wherein the partial waveguide interface is
integral with the overmolded package. In one example embodiment, the overmolded
package does not comprise a printed wiring board.

In an example embodiment, a mm-wave MMIC device comprises: an
overmolded leadframe package; and an integrated wave guide interface that does not
include an integrated waveguide backshort. In an example embodiment, a partial
waveguide interface is integrated with a package, wherein the package comprises a
MMIC, an exposed heat sink, and leads. In an example embodiment, a high power
amplifier comprises: a MMIC; a package with an exposed heat sink; and leads, wherein
the leads are overmolded in the package.

In an example embodiment, a transceiver comprises: a chassis; a surface
associated with the chassis; a MMIC package supported by the surface, wherein the
surface is configured to transfer heat away from the MMIC and conduct the heat
directly to the chassis of a next higher level assembly, wherein the MMIC package is

configured to be in contact with the surface; and a cover, wherein the MMIC package is
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held in contact with the surface by the cover, wherein the cover is bolted to the
surface, wherein the cover partially covers the MMIC package. In one example
embodiment, the MMIC package comprises no bolt holes and is not directly bolted to
the surface.

In an example embodiment, a housing comprises: a metal chassis having a
waveguide; a printed wiring board (“PWB") attached to the metal chassis; a package
comprising a MMIC and a metal portion on a first surface of the package, the MMIC in
direct thermal contact with the metal portion; the package electrically connected to
the PWB, and wherein the metal portion of the package is attached directly to the
metal chassis providing a direct heat sink path from the MMIC to the metal chassis;
wherein the package comprises a portion of an waveguide interface that is integrated
in the package, wherein the package is located so as to align a probe portion of the
waveguide interface with the waveguide in the metal chassis; and a cover separately
connected to the metal chassis, wherein the cover is one of a metal cover or a
metalized plastic cover, and wherein the cover forms a waveguide backshort for the
waveguide. In one example embodiment, the cover is also in contact with the package,
and provides a holding force to keep the package in contact with the chassis. In one
example embodiment, the cover provides a secondary heat sink path for the package.

In an example embodiment, a radio frequency (“RF”) MMIC package
comprises: a package body portion comprising a MMIC disposed within the package
body portion; a partial waveguide interface; an over-mold material, wherein the
overmold material is injection molded in connection with both the package body
portion and the partial waveguide interface so as to cause the partial waveguide

interface to be an integral part of the package body portion; and a leadframe, wherein

46




30 Aug 2011

2011218651

[00157]

10

15

20

the leadframe is electrically connected to the MMIC, and wherein the leadframe forms
part of both the package body portion and the waveguide interface, wherein the
package body portion further comprises: a package base; and a package lid connected
to the package base to form the package body portion, wherein the package lid is
connected to the package base such that the MMIC is hermetically enclosed within a
cavity inside the RF MMIC package.

In one example embodiment, the package includes a bottom side heat sink
interface. In one example embodiment, the system further comprises: a chassis and a
printed wiring board ("PWB”), wherein the PWB does not interpose between a heat
transfer portion of the package and a metal portion of the chassis. In one example
embodiment, the die has a direct thermal path through a portion of the leadframe to
the bottom of the overmolded package. In one example embodiment, the system
further comprises: a chassis and a printed wiring board (“PWB"), wherein the
overmolded package is in electrical contact with the PWB and wherein the die is in
direct thermal contact with the chassis. In one example embodiment, the system
further comprises: a chassis and a printed wiring board (“PWB”), wherein the
overmolded package comprises a heat sink integrated in the overmolded package,
wherein the heat sink is flush with a bottom surface of the overmolded package,
wherein the heat sink is in direct contact with the chassis when the overmolded
package is in contact with the PWB and the chassis. In one example embodiment, the
system further comprises a second leadframe that is a heat sink leadframe, wherein
the heat sink leadframe is configured to transfer heat through an attached chassis,
wherein the second leadframe is in contact with the MMIC. In one example

embodiment, the system further comprises a leadframe in the overmolded package,
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wherein at least a portion of the leadframe is deep downset. In one example
embodiment, deep downset means that a portion of the leadframe forms a first
surface that is positioned within the overmolded package such that a metal surface of
a higher assembly level is in contact with the first surface of the overmolded package.
In one example embodiment, the leadframe is deep downset such that heat may be
transferred from the die through the metal surface to an attached chassis. In one
example embodiment, the MMIC is a high power MMIC, wherein high power is defined
as thermal dissipation from the MMIC of greater than one of: 5 watts, 8 watts, or 10
watts, wherein the MMIC is a high frequency MMIC, and wherein high frequency is
defined as a frequency of 8 GHz or higher. In one example embodiment, the system
further comprises an electrically conductive cover (“cover”), wherein the partial
waveguide interface comprises a first portion of a waveguide interface, wherein the
cover comprises a second portion of the waveguide interface, and wherein the first
and second portions of the waveguide interface comprise a whole waveguide interface,
wherein the overmolded package is mounted to a chassis and the cover is mounted
over at least the partial waveguide interface, and wherein the cover provides a
secondary heat transfer path for removing heat from the overmolded package.

A method of forming a mm-wave MMIC package comprises the steps of:
forming a leadframe comprising leads, wherein the leads include DC leads, RF leads, a
waveguide transition, and an RF launch; overmolding at least a portion of the
waveguide transition and portions of the leadframe, wherein the overmolding creates
a package base that is integrated with a partial waveguide interface, wherein the
partial waveguide interface protrudes from the package base, wherein the integrated

partial waveguide interface comprises the waveguide transition and the RF launch; and
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attaching and electrically connecting a MMIC to the leadframe within the package
base; wherein the step of forming a leadframe further comprises deep downsetting the
leadframe relative to other portions of the leadframe.

An example method of forming a mm-wave MMIC package comprises the
steps of: forming a leadframe comprising leads, wherein the leads include DC leads, RF
leads, a waveguide transition, and an RF launch; overmolding at least a portion of the
waveguide transition and portions of the leadframe, wherein the overmolding creates
a package base that is integrated with a partial waveguide interface, wherein the
partial waveguide interface protrudes from the package base, wherein the integrated
partial waveguide interface comprises the waveguide transition and the RF launch; and
attaching and electrically connecting a MMIC to the leadframe within the package
base; wherein the integrated partial waveguide interface is completed to form a
complete waveguide interface when the MMIC package is completely assembled and
attached to a chassis, and wherein the MMIC package comprises a heat sink integrated
in the MMIC package, wherein the heat sink is flush with a bottom surface of the MMIC
package, wherein the heat sink is in direct contact with the chassis when the MMIC
package is in contact with a printed wiring board (“PWB") and the chassis.

In the following description and/or claims, the terms coupled and/or
connected, along with their derivatives, may be used. In particular embodiments,
connected may be used to indicate that two or more elements are in direct physical
and/or electrical contact with each other. Coupled may mean that two or more
elements are in direct physical and/or electrical contact. However, coupled may also
mean that two or more elements may not be in direct contact with each other, but yet

may still cooperate and/or interact with each other. Furthermore, couple may mean
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that two objects are in communication with each other, and/or communicate with
each other, such as two pieces of hardware. Furthermore, the term “and/or” may
mean “and”, it may mean “or”, it may mean “exclusive-or”, it may mean “one”, it may

|II

mean “some, but not all”, it may mean “neither”, and/or it may mean “both”, although
the scope of claimed subject matter is not limited in this respect.

It should be appreciated that the particular implementations shown and
described herein are illustrative of various embodiments including its best mode, and
are not intended to limit the scope of the present disclosure in any way. For the sake
of brevity, conventional techniques for signal processing, data transmission, signaling,
and network control, and other functional aspects of the systems (and components of
the individual operating components of the systems) may not be described in detail
herein. Furthermore, the connecting lines shown in the various figures contained
herein are intended to represent example functional relationships and/or physical
couplings between the various elements. It should be noted that many alternative or
additional functional relationships or physical connections may be present in a
practical communication system.

While the principles of the disclosure have been shown in embodiments,
many modifications of structure, arrangements, proportions, the elements, materials
and components, used in practice, which are particularly adapted for a specific
environment and operating requirements without departing from the principles and
scope of this disclosure. These and other changes or modifications are intended to be
included within the scope of the present disclosure and may be expressed in the

following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A radio frequency (“RF”) Monolithic Microwave Integrated Circuit {“MMIC”) package
comprising:

& package body portign comprising a MMIC disposed within said package

Lo

body portion;

a partial waveguide interface, wherein the partial waveguide interface
comprises a signal conducting structure, supporting material, and one of; an
H-plane taunch and an E-plane launch;

10 an avermold material forming portions of both said package body portion and
said partial waveguide interface so as to cause said partial waveguide
interface to e an integral part of said package body portion; and

a feadframe, wherein said leadframe is electrically connected to said MMIC,
and wherein said leadframe forms pan of both said package body portion

15 and said partial waveguide interface.

2. The RF MMIC package of claim 1, wherein said package body portion further
comprises:
a package base; and
20 a package lid connected to said package base tn form the package body
portion, wherein said package lid is connected to said package base sugh
that said MMIC is hermetically enclosed within a cavity inside said RF MMIC

package.

25 3 The RF MMIC package of claint 1 or 2, wherein said supporting material is the same
overmold material used in the rest of the MMIC package, and wherein said supporting

material is in contact with atleast & portion of said signal conducting structure.

4, The RF MMIC package of claim 1, 2 or 3, wharein said MMIC package is at least
30 partially formed by one of:
injection molding with an overmold material; and

molding or casting, with the overmeld material.
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The RF MRMIC package of any une of the preceding claims, wherein said overmuold
material comprises one of:

any dielectric moldable material;

a ceramic; and

& polymer,

The RF MMIC package of claim 5, wherein said polymer comprises ong of the following
polymers: liguid crystal polymer {LCP), Polyphenylene Sulfide (PPS), Palyether ether

ketone (PEEK), any thermoplastic polymer, and any thermoset polymer.

The RF MMIC package of any one of the preceding claims, further comprising at least
one RE interface and at least one direct current {“DCY) interface, and wherein said DC

interface is electrically connectad to a printed wiring board ("PWB”).

The RF MIMIC pmackage of claim 7, wherein said at least one RF and at least eng DC

interfaces each comprise spring leakls,

The RF MMIC package of any one of the preceding claims, further comprising st least
one radio frequency (“RF”) interface, and wherein said RF interface is electrically
connected to a printed wiring board (“PWB”}, and further comprising a lead structure,
wherein the lead structure is formed from [[a l]the leadframe that is at lzast partially
enclosed in an overmold material, wherein said lead structure fofms said at least one
RF interface; wherein said MMIT is sttached to said RF interface inside said package
via wirebonds; and wherein said at lzast one RF interface comprises leads that are

configured to compensate for mechanical stresses and tolerances.

A radio frequency (“RF”} Maonolithic Microwave Integrated Clrcuit {“MMIC”) package
and a waveguide interface, whergin:
the waveguide interface comyprises a first portion and a second portion,
wherein the first portion comprises an electrically conductive cover

{"cover"), wherein the second portion comprises 2 partial waveguide
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interface, and wherein the partial waveguide interface comprises-one of an
H-plans launch and an E-plang launch;
and wherain the RF MMIC package comprises:
the partial waveguide interface;
a package body portion comprising a MMIC disposed within said
package body portion;
an overmold material forming portions of both said package body
portion and said partial waveguide interface so as to causs said partial
waveguide interface to be an integral part of said packags hody
portion; and
a leadframe, wherein said leadframe is electrically connected to said
MMIC, and wherein said leadframe fosms part of both said package

body portion and said waveguide interface.

13, The RF MMIC package and waveguide interface of claim 10, wherein said RF MMIC
package is roountad to a chassis and said coveris mounted over at least said partial
waveguide interface, wherein said cover is a separate companent from said RF MMIC

package.

12, A transceiver comprising:
a radio frequency {“RF”) Monolithic Microwave integrated Circuit {“MMIC")
package comprising:

a package body portion comprising a MMIC disposed within said
package body partion;

a partial waveguide interface, wherein the partial waveguide interface
camprises a signal conducting structure, supparting material, and one
ofi-an H-plane launch and an E-plane launch;

an overmold material forming portions of both said package body
portion and said partial waveguids interface so as to cause said partial

waveguide interface ta be an integral part of said package body

portion; and
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14,

17,

18,

3 leadframe, wherein said leadframe is electrically connectad Yo said
MMIC, and wherein said leadframe forms part of both said package
body portion and said partial waveguide interface;

a chassis, wherein said RF MMIC package is mounted to the chassis; and-3
cover comprising a backshort, wherein said backshort is located over at
feast part of said integratad partial waveguide interface, and wherein said
RF MMIC package is clamped betwegn a portion of said cover and said

chassis.

A transceiver device comprising the RF MMIC package of any one of claims 1 to 11,
further comprising a transceiver RF cover, wherein said transceiver RF cover forms a

transmit waveguide backshort.

The RF MMIC package of claim 2, wherein the overmold material is a liquid crystal

polymer {“LCP”).

The RF MMIC package of claim 2 or 14, wherein the package lid is formed of at least
one of the following materials: injection molded plastic, ceramic, stamped plastic or

metal; and wherein the materials are one of metal plated and not metal plated,

The RF MMIC package of claim 2, 14 or 15, wherein @ radio frequency absorbing
material is provided on a first surface of the package lid, wherein the first surface of

the package lid faces the MMIL.

The RF MMIC package of clalm 16, wherein the radio frequency absorbing material

comprises ecosorb.

The RF MMIC package of any one of claims 1 to 11 and 14 1o 17, whergin the package

body portion is a fully encapsuiated overmolded package.

A radio frequency {“RF”} Monolithic Microwave Integrated Circuit {“MIMIC”) package

substantially as hereinbefore described with reference to the sccompanying drawings,

4y
B2
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15

20.

2%,

A radio frequency (“RF”) Monotithic Microwave Integrated Circuit ("M

C”) packags

and a waveguide interface substantially as hereinbefore described with referente to

the accompanying drawings.

A transceiver substantially as hereinbefore described with refergnce to the

accompanying drawings.
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