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RF PACKAGE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/261,337/, filed Nov. 15, 2009,
herein incorporated by reference.

BACKGROUND

1. Technical Field

This disclosure relates to RF power transistors, and more
particularly to power transistor packages.

2. Discussion of Related Art

Conventional high-power RF power transistor packages
use metal flanges that generally protrude from multiple sides
of the device. Such flanges provide source electrical intercon-
nects and a means for affixing the device to a heat sink. The
flanged connections can be beneficial for high-frequency
applications and usually include bolt holes outwardly posi-
tioned from the package for clamping the device to the heat
sink.

An example of a prior-art RF power transistor package 100
having flanges 105 and 110 1s show i FIG. 1. As shown 1n
FIG. 1, the flanges 105 and 110 extend outwardly from the
package and include bolt holes external to the body of the
package. Securing the package to the heat sink and dissipat-
ing heat from the source connections 1s accomplished by
bolting the package to the heat sink using the flanges.

However, the conventional art 1s cost-disadvantageous due
to extra materials used in the construction of the package.
Prior art packages are also deficient in other areas such as
manufacturing simplicity. Moreover, the prior art approach to
connecting source interconnects to the heat sink does not
benefit from preferential deformation of the lid when mount-
ing the package. Accordingly, a need remains for a lower-cost
high-power RF power transistor package using less material,
better connectivity features, and providing for preferential
deformation of the package when atfixing the device to the

heat sink.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

In an example embodiment of the invention, an RF power
transistor package 1s provided. The RF package can include,
for example, a substrate mountable on a base plate, a non-
conductive cover overlying the substrate, and quasi-serpen-
tine stepped source leads attached to an upper surface of the
substrate and extending from at least one of a pair of opposite
sides of the upper surface of the substrate to tapered lower
surtaces of the cover. The non-conductive cover can include a
recess configured to receive the substrate. The recess forms a
stress distribution surface area to engage and press outer edge
portions of opposite sides of the substrate against the base
plate.

One or more tapered lower surfaces of the cover extend
from the recess toward outer edge portions of the cover. The
tapered lower surfaces of the cover engage with and press
against the stepped source leads when securing the RF pack-
age to the base plate or heat sink. Mounting the package to
base plate or heat sink can involve the use of one or more
fasteners or bolts inserted 1nto bolt holes and through corre-
sponding openings 1n the stepped source leads. The fasteners
or bolts are recetved by mounting holes in the base plate or

heat sink.
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The cover includes structural features to improve prefer-
ential deformation when a mounting force 1s applied. For
instance, the recess in the cover includes one or more notches
at outer edges thereol, to provide stress concentration out-
wardly toward edges of the cover. The cover can also include
a cavity disposed within the cover to receive one or more dies,
one or more conductors, and at least portions of one or more
gate leads, one or more drain leads, and the one or more
stepped source leads. The cover can include sections having
different thicknesses to provide rigidity to some portions of
the cover while evenly distributing stress of the cover during
preferential deformation thereof.

The foregoing and other features and advantages of the
invention will become more readily apparent from the fol-
lowing detailed description of a preferred embodiment of the
invention that proceeds with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional RF power transistor pack-
age having outwardly protruding flanges used for source con-
nections.

FIG. 2 illustrates a top perspective view of an RF power
transistor package according to some embodiments of the
present invention.

FIG. 3 illustrates a bottom perspective view of the RF
power transistor package of FIG. 2, according to some
embodiments of the present invention.

FIG. 4 illustrates a transparent view of the RF power tran-
sistor package of FIG. 2, including stepped source leads and
other components disposed within or beneath the package,
according to some embodiments of the present invention.

FIG. § 1llustrates a side view of the RF power transistor
package of FIG. 2, including a recess 1n the package and the
stepped source leads disposed beneath the package and
extending from an upper surface of the substrate toward end
portions of the package.

FIG. 6 1llustrates another side view of the RF power tran-
sistor package of FIG. 2, showing the package aflixed to a
base plate or heat sink.

FIG. 7 1llustrates a cross-sectional view of a portion of the
RF power transistor package of FIG. 6, including a cavity
internal to the package, and additional detailed features with
respect to the stepped source leads.

DETAILED DESCRIPTION

FIG. 2 1llustrates a top perspective view and FIG. 3 1llus-
trates a bottom perspective view of an RF power transistor
package 200, according to some embodiments of the present
invention. FIG. 4 illustrates a transparent view of the RF
power transistor package 200 to facilitate an understanding of
the stepped source leads 305 and other inventive features and
components disposed within or beneath the package 200,
according to some embodiments of the present invention.
Reference 1s now made to FIGS. 2-4.

The RF power transistor package 200 includes a substrate
220 mountable on a base plate or heat sink (not shown). The
substrate 220 1s typically made of ceramic having high yield
stress properties, although any suitable material can be used.
One or more silicon dies 405 forming the circuitry of the
device can be disposed on and/or atfixed to the upper surface
of the substrate 220.

A non-conductive cover 205 1s structured to overlay and
protect the substrate 220 and other components of the pack-
age. The cover 205, sometimes referred to as a “lid” can be
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unitary, resilient, generally rectangular with rounded corner
edges 230, and overlying the substrate 220, silicon dies 405,
wire bonds 415, stepped source leads 305, and portions of
leads 210 and 215. The cover 205 1s made of a material
selected to provide high electrical insulation with low dielec-
tric loss.

The cover material preferably has a high resistance to creep
to avoid non-preferential deformations caused by numerous
heat cycles. Materials such as Ultem® UC1200 Polyetherim-
1de, Lexan® 920A Polycarbonate, Makrolon® 1804 Polycar-
bonate, or Ultem® 2300 can be used as the base material for
the cover 205. Preferably, Ultem® 2300 1s used due to its
yield strength, creep resistance, and performance in an 1njec-
tion molding application. Injection molding applications are
the preferred method for producing the cover 205 1n large
quantities.

The cover 205 includes a recess 222 to receive the substrate
220. The recess 222 forms a stress distribution surface area
410 to engage and press outer edge portions 410 of opposite
sides of the substrate 220 against the base plate or heat sink.
The recess 222 can also receive at least portions of a lead
frame and/or leads associated with the RF package 200.

One or more stepped source leads 305 extend from at least
one of a pair of opposite sides of an upper surface of the
substrate 220 to the lower surfaces of the cover 205. Each
source lead 305 1s attached to the top of the ceramic substrate
220 using bolts, rivets, adhesive, or other suitable attaching
means, and 1s electrically coupled to the dies 405. The stepped
source leads 305 can be bent or folded 1n a quasi-serpentine
fashion to form an electrical connection from the top of the
substrate 220 to the base plate or heat sink, as will be further
described below.

Gate leads 215 and drain leads 210 are attached to the top
surface of the ceramic substrate 220 using the same or similar
attaching means. The gate and drain leads are electrically
coupled to the dies 405, and protrude 1n opposite directions
from the other two sides of the substrate 220. The stepped
source leads, gate leads and drain leads can be electrically
coupled to the dies 405 using one or more electrical conduc-
tors, for example, such as wire bonds or “jumper” wires 415
illustrated 1n FIG. 4, or any other suitable connection.

Mounting or bolt holes 225 are arranged 1n the cover 205
and are aligned with corresponding openings 310 in the
stepped source leads 305. Although the openings 310 are
illustrated as elongated moon-shaped openings, other types
of openings are contemplated such as circular openings that
substantially match those of holes 225, among other possi-
bilities. The mounting or bolt holes 225 are used for securing
the RF package 200 including the substrate 220 and the
stepped source leads 305 directly to the base plate or heat
sink. The mounting or bolt holes 225 can be arranged 1n a
pattern that matches the mounting pattern of preexisting RF
power transistor packages or in enftirely new mounting
arrangements.

The stepped source leads 305 are disposed entirely beneath
the non-conductive cover 205 and need not extend beyond the
edges of the cover. In other words, the RF package includes
flangeless source connections to the base plate or heat sink,
providing an electrical connection from the top side or active
portion of the substrate 220 to the underside or mounting
surface of the RF package 200, entirely within and/or beneath
the geometry of the cover 205.

FIG. § 1llustrates a side view of the RF power transistor
package 200 of FIG. 2, including the recess 222 1n the pack-
age and the stepped source leads 305 disposed beneath the
package and extending from an upper surface of the substrate
220 toward end portions of the package. FIG. 6 illustrates
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another side view of the RF power transistor package 200 of
FIG. 2, showing the package allixed to a base plate or heat
sink 605. FIG. 7 1llustrates an exploded cross-sectional view
700 of a portion of the RF power transistor package of F1G. 6
taken along lines VII-VII, including a cavity 745 internal to
the package, and additional detailed features with respect to
the stepped source leads 305. Reference 1s now made to FIGS.
5-7.

One or more tapered lower surfaces 725 extend from the
recess 222 toward outer edge portions 720 of the cover 20S.
The tapered lower surfaces 725 provide an interface between
the RF package and the base plate or heat sink, which results
in consistent and preferential lid deformation and/or creep
resistance due to plastic relaxation of the lid. The one or more
stepped source leads 305 extend from at least one of a pair of
opposite sides of an upper surface of the substrate 220 to the
tapered lower surfaces 725 of the cover 205. The stepped
source leads 305 can extend partially toward the outer edge
portions 720 of the cover 205 as illustrated, or in an alternative
embodiment, the stepped source leads 305 can extend entirely
to the outer edge portions 720 of the cover 205.

Each of the stepped source leads 305 includes a first hori-
zontal section 715, a slanted section 710, and a second hori-
zontal section 705. The first section 715 1s coupled to the
upper surface of the substrate 220, which defines a horizontal
dimension of the first section 715. The slanted section 710
extends 1n a sloped direction from the first section at an angle
' relative to the horizontal dimension of the first section. The
angle 0' is preferably 100 degrees or thereabout, but in some
embodiments, the angle 0' can be any suitable angle between
90 and 170 degrees. A second horizontal section 705 extends
from the slanted section at an angle 0° relative to the slanted
direction of the slanted section. The angle 6 is preferably 100
degrees or thereabout, but in some embodiments, the angle 07
can be any suitable angle between 90 and 170 degrees.

The first horizontal section 715, slanted section 710, and
second horizontal section 705 form a contiguous stepped
source lead 305 located beneath the cover 205. As mentioned
above, the stepped source leads 305 can be bent or folded 1n
a quasi-serpentine embodiment. The transitions from one
section of a stepped source lead 305 to another 1s defined by
angles 6' and 6, which can be rounded or sharp. The tapered
lower surfaces 723 of the cover 205 provide consistent and
repeatable application of mounting force on the stepped
source leads 305 to ensure high surface contact area between
the source leads and the base plate or heat sink 605.

In addition, consistent contact pressure 1s applied by the
tapered lower surfaces 725 to the source leads 305 to also
enhance contact and to prevent creep resistance that could
otherwise be caused by plastic relaxation of the cover. More
specifically, the tapered lower surfaces 723 of the cover 205
are structured to engage with and press against the second
horizontal section 705 of the one or more stepped source leads
305, even over the course of multiple heating and/or usage
cycles.

Furthermore, one or more notches 505 1n the cover 205 are
disposed at outer edges of the recess 222. The notches 505
provide stress concentration outwardly toward edges of the
cover 205. The notches 505 also provide preferential defor-
mation of the cover 205 about the first horizontal section 7135
and slanted section 710 of the stepped source leads 305,
particularly when securing the RF package 200 to the base
plate or heat sink 605 using, for example, one or more fasten-
ers or bolts 750.

A cavity 745 1s disposed within the cover 205 to receive the
one or more dies 405, one or more conductors such as the wire
bonds 415, and at least portions of the one or more gate leads
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215, drain leads 210, and stepped source leads 305. The cavity
745 1ncludes a first section 730 having a first thickness to
provide rigidity to the central portion of the cover 205, one or
more additional sections 735 having a second thickness less
than the first thickness, and a curved section 740 connecting
the first section to the one or more additional sections.

The one or more additional sections 735 and the curved
section 740 are configured to evenly distribute stress of the
cover 205 during preferential deformation thereof when
securing the one or more stepped source leads 305 and the
substrate 220 to the base plate 605 using, for example, the one
or more fasteners or bolts 750. Stress 1s further distributed on
the substrate 220 by the lid to substrate bearing area 410,
which makes contact with and presses against the outer edge
portions 410 of opposite sides of the substrate 220, which in
turn presses the substrate 220 and stepped source leads 350
against the base plate or heat sink 605.

Fasteners or bolts 750 can be inserted through holes 225
and openings 310 into mounting holes 755 of the base plate or
heat sink 605, which securely mounts the RF package 200,
including the cover 205, substrate 220, leads, and other asso-
ciated components of the RF package to the base plate or heat
sink 605. While one section of the RF package 1s shown along,
lines VII-VII 1n FIG. 7, 1t should be understood that a mirror
image of the components, or at least stmilar components, of
such a section can be embodied 1n the other end portion of the
RF package.

Having illustrated and described the principles of our
invention in various embodiments thereot, it should be appar-
ent that the 1nvention can be modified 1n arrangement, detail
and application without departing from such principles.
While some embodiments described herein are especially
useful 1n packaging RF power devices, embodiments of the
invention can be configured for use with other types of
devices such as lower frequency devices.

For instance, the terminology “gate,” “source” and “drain”™
leads pertains to MOSFET type devices. It 1s contemplated
that embodiments of the invention can also be used with
bipolar type devices and IGBT devices. In the case of bipolar
devices, gate corresponds to base, source corresponds to
emitter and drain corresponds to collector. In the case of an
IGBT device, gate remains gate, source corresponds to emit-
ter and drain corresponds to collector. The terms gate, source
and drain will be used throughout but are meant to include
base-emitter-collector and gate-emitter-collector leads.

I claim all modification and variations coming within the
spirit and scope of the following claims.

The mvention claimed 1is:

1. An RF package, comprising;:

a substrate mountable on a base plate;

a non-conductive cover overlying the substrate and includ-

ng:

a recess configured to recerve the substrate, the recess
forming a stress distribution surface area to engage
and press outer edge portions of opposite sides of the
substrate against the base plate;

one or more tapered lower surfaces extending from the
recess toward outer edge portions of the cover;

one or more stepped source leads extending from at least

one of a pair of opposite sides of an upper surface of the

substrate to the one or more tapered lower surfaces of the
cover;

one or more gate and drain leads extending from at least

one of a pair of opposite sides of an upper surface of the

substrate;

one or more dies disposed on the substrate;

10

15

20

25

30

35

40

45

50

55

60

65

6

one or more conductors electrically coupling the one or
more gate leads, drain leads, and stepped source leads to
the one or more dies; and
a cavity disposed within the cover to receive the one or
more dies, the one or more conductors, and at least
portions of the one or more gate leads, drain leads, and
stepped source leads, wherein the cover further includes:
a first section having a first thickness between the cavity
and the top surface of the cover to provide ngidity to
the central portion of the cover;

one or more additional sections having a second thick-
ness between the cavity and the top surface of the
cover, the second thickness less than the first thick-
ness; and

a curved section connecting the first section to the one or
more additional sections,

wherein the one or more additional sections and the
curved section are configured to evenly distribute
stress of the cover during preferential deformation
thereof when securing the one or more stepped source
leads and the substrate to the base plate.

2. The RF package of claim 1, wherein the cover turther
includes a bolt hole for recerving a bolt 1n each outer edge
portion to clamp the cover against the base plate and wherein
the one or more tapered lower surfaces of the cover face the
base plate and are angled relative to the base plate to provide
a progressively increasing mounting force on the stepped
source leads as the bolts are tightened.

3. The RF package of claim 1, wherein each of the one or
more stepped sources leads includes:

a first section coupled to the upper surface of the substrate,
the upper surface of the substrate defining a horizontal
dimension of the first section;

a second section extending in a slanted direction from the
first section at an angle relative to the horizontal dimen-
sion of the first section; and

a third section extending from the second section at an
angle relative to the slanted direction of the second sec-
tion.

4. The RF package of claim 3, wherein the first, second, and
third sections of the source leads form a contiguous stepped
source lead located beneath the cover.

5. previously presented) The RF package of claim 3,
wherein the one or more tapered lower surfaces of the cover
are structured to engage with and press against the third
section of the one or more stepped source leads.

6. The RF package of claim 3, wherein the recess includes
one or more notches disposed at outer edges thereot, the one
or more notches structured to provide:

stress concentration outwardly toward edges of the cover;
and

detformation of the cover about the first and second sections
of the one or more stepped source leads.

7. The RF package of claim 1, wherein the base plate i1s a

heat sink attachable to the one or more stepped source leads.

8. The RF package of claim 1, wherein the cover comprises
a material having a resistance to creep, high electrical 1nsu-
lation, high yield strength, and low dielectric loss.

9. The RF package of claim 1, further comprising one or
more bolt holes arranged 1n the cover and aligned with cor-
responding openings in the one or more stepped source leads,
the one or more bolt holes configured to receive one or more
bolts to secure the substrate and the one or more stepped
source leads to the base plate.
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