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FIELD OF THE INVENTION
This invention generally relates to device packaging.
BACKGROUND OF THE INVENTION

Without limifing the scope of the invention, its background is
described in connection with RF device packaging, as an example.

Heretofore, in this field, packages operaﬁng at frequencies of 1 GHz or
higher were normally of metal-ceramic construction, or metal bases with
plastic cavity lids and metal leads sticking through the plastic sides.

Standard SO8, SO14, and SO20 plastic encapsulated packages have
been used for RF applications at frequencies up to 1 GHz. However, these
leadframes have high lead inductances which must be accounted for in the
design of the ICs inserted into the leadframes. Isolation between leads is
also low, typically 20 dB or less at 1 GHz. This limits the amount of
amplifier gain which can be inserted in the packages at microwave
frequencies, and creates the potential for coupling problems between RF
ports and RF and DC ports.

SUMMARY OF THE INVENTION
It is herein recognized that a need exists for a lower cost, more efficient

device package that may be used in higher frequency apphcahons The
present invention is directed toward meeting those needs.
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Generally, and in one forma of the invention a device package is
presented comprising: a leadframe comprising a plurality of leads for
effecting circuit connections to said device; and a metal ground piece
connected to said leadframe. As exampies, the ground piece may be a ground
slug connected to a bottom side of the leadframe. or a metal ground plane
which serves as a base for the package connected to a bottom gide of the
leadframe.

In another form of the present invention one or more of the leads is
substantially wider than the remainder of the leads. Preferably, in
operation, some of the wider leads are connected to ground and some carry
RF signals. In yet another form of the invention at least some of the leads

. are grouped together in groups of two or more leads, forming lead groups, to

provide a single connection to the dev_iee for each of the lead groups.

The package of the present invention may be used with many types of
devices. It may be structured and fabricated in many different ways to
achieve the advantages of the present invention. Several of these
alternatives are described below. '

In another form of the invention a packaged device is presented
comprising: a leadframe comprising a plurality of leads for effecting circuit
connections to the device; and a metal ground piece connected to the
leadframe. As an example, the packaged device may be an amplifier
comprising GaAs heterojunction bipolar transistors. The packaged device of
the present invention may be a portion of a communication system or a
cordless phone.
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nor mal | y of netal -ceranic construction, -or nmetal bases with plastic cavity
lids and netal |eads sticking through the pl astic sides. St andar d
S8, SO14, and S020 plastic encapsul ated packages have been used for RF
applications at frequencies up to 1 Giz. However, these |eadfranes have

hi gh | ead i nductances which nust be accounted for in the design of the ICs

inserted ppet BESCRIPTION OF THE DRAWINGS

In the drawmgs

Figures 1A and 1B are views of a first preferred embodiment device
package according to the present invention;

Figure 2 is a plan view of a first preferred emhod:ment leadframe

| according to the present invention;

: Figures 8A and 3B are views of a first preferred embodiment device
package according to the present invention;

Figures 4A and 4B are views of a second preferred embodiment device
package and leadframe according to the present invention;

Figure 5 is a graph of performance results of device packages
according to the present invention; -

Figures 6A and 6B are views of a third preferred embodiment deme
package and leadframe according to the present invention;

Figures 7A and 7B are views of a fourth preferred embodiment device
package and leadframe according to the present invention; ’

Figures 8A and 8B are views of a fifth preferred embodiment device
package and leadframe according to the present invention;

Figures 9A and 9B are views of a sixth preferred embodiment device
package and leadfirame according to the present invention;

Figures 10A and 10B are views of a seventh preferred embodiment
device package and leadframe according to the present invention; and

- Figures 11A and 11B are views of an eighth preferred embodiment

device package and leadframe according to the present invention.

Figure 12 shows exemplary internal connections of a device to a lead
frame.

Corresponding numerals and symbols in the different figures refer to
corresponding parts unless otherwise indicated.
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t he packages at m crowave frequencies, and creates the potential for
coupling probl enms between RF ports and RF and DC ports. US-A-5 028
741 di'scl oses a high frequency sem conductor device conbining a

sem conductor die with a | eadfrane having a copl anar upper surface with
thin external |eads and a thicker central die bond region the upper face

ahich 15 RERARED AERGHPTION PRI EikoB the arms
.extending laterally from opposed sides of the
SO packages embodying the concepts.of the present invention have

been experimentally designed, built, and tested which operate at frequencies

up to 6 GHz. Unlike conventional standard SO packages, the packages of the

present invention offer low insertion loss, low VSWR, and high isolation

between RF leads and RF-DC leads at microwave frequencies. The packages

offer low ground inductance leads, low ground inductance refurn paths, and

low thermal impedance.

The single-piece SO style leadframes, of one embodiment of the
present invention, advance the state-of-the-art by implementing filter and
microstrip concepts for selection of the RF lead dimensions to minimize RF
port SWR and ingertion loss, and increase isolation between RF leads by
changing the configuration of ground leads to wide ground bars. In addition,
a ground slug may be added to the single-piece SO style package example
presented below to increase isolation between RF port leads by 10 to 15 dB
over that achievable by any SO single-piece leadframe without a ground slug.
The two-piece package example described below has a standard SO20
external outline, and can be encapsulated in standard S020 molds. The two-
piece package example offers up to 6 RF ports, for multiple RF port circuits
like switches or mizers, and multiple MMICs could be mounted in the
package. '

This was achieved by adjusting the leadframe and ground plane or
package base layouts to control RF lead(s) characteristic impedance close to
50 ohms, optimizing a low pass filter characteristic of the leads to improve
package RF performance; and by creating low inductance metal base and low
inductance lead grounds. Placement of these ground leads also increases

_isolation between RF port leads, and between DC and RF port leads.
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The two-piece SO package described below implements a standard SO
outer leadframe, but pairs of leads are used to form RF ports or ground lead
- ports. This helps change the overall RF port characteristic impedance closer
to 50 ohms, and with the addition of shunt capacitance at the ends of the RF
port leads (through both lead width increases inside the package and shunt
capacitance at attachment points on the MMIC and the outer circuit board), a
low-pass filter is achieved which provides excellent package RF performance
to 6 GHz. The second piece of the two-piece SO package is the metal base
which serves both as a low inductance electrical ground return path, and
offers low thermal impedance from the MMIC mounted on the package base
to the floor of the package. The bottom of the SO package metal base is fully
exposed for direct electrical mounting of the base with conductive epoxy or
solder to a circuit board. Like the ground slug, this direct metal base feature
increases SO package isolation between RF leads by more than 10 dB. The
two-piece SO20 package example described below has shown isolation of 45
dB or higher at frequencies to approximately 6 GHz, increasing to greater
than 50 dB at approximately 3 GHz and below, between RF ports.

The éingle-piece and two-piece SO package concepts of the present
invention may be applied to SO packages with any number of leads - 8, 14,
16, 20, 28, 40, etc.

Standard surface mount SO packages allow IC operation at
frequencies to approximately 1 or 2 GHz, but the ICs must be significantly
tuned to operate with the package, and maximum IC performance is not
achieved. Typical SO packages exhibit high insertion loss at 1 GHz (> 1 dB)
and high SWR (> 2:1 at 1 GHz). Typical SO packages also have low isolation
between DC/IF/RF pins, typically 20 dB or less at 1 GHz. This creates
coupling problems between different signal inputs, and limits the amount of
amplifier gain which can be inserted into the package without creating
oscillation problems (typically to less than 20 dB gain). Typical SO packages
also have a high thermal impedance, making them unusable for MMICs
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mat chirng nmeans. It is propé)fsé 122 édgﬁ eve inpedance nmatching with the

i n- package transmission line in order to prevent msmatching of inpedance.
In a sem conductor device, a signal wire extends in a direction

per pendi cular to the main surface of a sem conductor chip. A plurality of
constant voltage wires are provided around the signal wire to give the
effect of a coaxial cable. By adjusting the relationship between the signal

wire and the _
. which dissipate a few watts of power.

Figures 1A, 1B, 2, 3A and 3B show the package 10 and leadframe 12 of
an embodiment of the present invention. Referring to Figure 2, the
leadframe 12 has two RF port leads, labeled RF IN 14 and RF OUT 16, and
two wide ground port leads 18,20, labeled GND. The remaining four leads
22,24,26,28 may be used, as an example, to provide bias and control signals
to a device such as a transmitter amplifier 30 mounted onto the leadframe
12. '

‘The leadframe 12 in Figure 2 performs well at frequencies up to 6 GHz
for several reasons. The RF IN 14 and RF OUT 16 lead widths are each
preferably near 50 mils (1.25 mm), nearly three times as wide as a standard
SO lead. This width may be carefully chosen to provide a near-50 ohm
characteristic impedance for the lead, encapsulated in plastic, placed over a
metal ground plane 32 provided by the circuit board and heatsink shown in

. Figure 1.

_ Since this is a single-piece leadframe, the RF conductors
characteristics are determined by their lead widths and thickness, the height
of the conductor 14,16 above the ground plane 32, the dielectric constant of
the plastic encapsulant, and the metal ground plane 32 which must be
provided by the circuit board 35. Figure 1B provides an example way of
doing this, by cutting a hole 33 in a circuit board 35 and mounting the
package 10 with epoxy 34 to a metal groundplane and heat sink 32. This
could just be a metal ground plane in a multilayer circuit board. The height
of the microstrip RF leads 14,16 above the ground plane 32 is preferably
approximately 40 mils (1 mm). Plated via holes 33 in the circuit board may
be used as ground return paths from the package wide ground leads 18,20 to
the metal groundplane and heatsink 32.
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peri pheral part thereof. A lowpass filter may al so be connected to the
transm ssion line and a bonding wire is also added to this filter. ,

EP- A-O 272 187 discloses a plastic sem conductor package suitable for high
frequency operation that includes an internal ground plane connected to a
ground ring formed on the packaged sem conductor device. The ground plane

is included as a portion of a lead frane strip adjacent to the individual

| ead frames. W ajternate @ppoeadhs i ite shenido thie deadsi of that §O: H:-leaddR®: support
of the | §aRkhie Wwnwithd iCa IBANSANGY ebfiguration, so that the package could
be surface-mounted to a circuit board. The circuit board would then .
preferably have a ground plane metal region on top of the board, to be placed
beneath the package in the region of the RF conductors. This circuit board
top "ground plane” could be connected with vias to lower metal layers in the
board.

The ground leads 18,20 shown in Figures 1A-8B preferably have
widths of nearly 150 mils. These extremely wide leads offer low inductance
from the center of the package out to the circuit board. This low inductance
ground return path is the primary factor which controls isolation between RF
infout ports 14,16. The lower this inductance can be made, the higher the
isolation which can be achieved between package RF ports 14,16.

The wide ground leads 18,20 help act as shields between other ports of
the circuit. For instance, the RF in 14 and out 16 port leads are separated
with a wide ground lead 20 between them. This lead 20 reduces coupling of

- signals between the RF leads 14,16, improving isolation between the RF
leads 14,16.

SO package isolation may be further improved by providing a ground

‘slug 40, shown in Figure 4A, to be connected from the bottom center of the

leadframe 12, directly to a circuit board underneath the package 10. This

significantly reduces the length and inductance of the package ground return
path, increasing isolation between RF ports 14,16.

The ground slug 40 is, for example, a circular or rectangular metal
disk which may be epoxied onto the bottom of the leadframe. After molding
the package 10, the slug 40 is preferably exposed at the bottom of the
package 10, allowing direct electrical and thermal contact to the metal slug
40. The slug 40 is repxjesented as a circle in the center of the leadframe 12 in
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plural ity of bunps which prb}det 26pWatH between adjacent |ead fingers of

the | ead frame when the ground franme is folded. A ground frame on the

sem conductor die is connected to the bunps, and the signal bondi ng pads
connected to the lead fingers. It is herein recognized that a need
exists for a lower cost, nore efficient device package that may be used in
hi gher frequency appllcatlons The present invention is directed towards

nmeeting those needs resent. i nveption, prqQvi ackaged
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conpri si rige Figure 4B shows the bottom of the slug 40 fully exposed after molding of
the package 10.

Attaching a ground "slug" 40 - preferably a circular or rectangular disk
of metal - to the package leadframe 12 has been experimentally shown to
increase isolation between RF ports 14,16 by 10 to 15 dB at 1 GHz, and
isolation was also increased at higher frequencies. '

Note that this ground slug approach and concept could be applied to-
any SO-xx leadframe to improve RF performance and isolation of any SO-xx
package. The wide leads concept, described above, can be used in concert
with the ground slug or they may be employed individually, as desired.

Measured performance of SO- 8-lead RF packages, with and without
ground slugs, was measured to 10 GHz, and plotted to 7 GHz, as shown in
Figure 5. Figure 5 shows that measured RF port-to-port isolation with RF
ports 14,16 terminated in short circuits was increased from 30 dB at 1 GHz
for the SO package without ground slug, to 40 dB for the SO package with
ground slug 40, a 10 dB increase (factor of 10 improvement). |

Table 1 below briefly summarizes measured RF performance of the
S0-8-lead single-piece leadframe package (Figures 1-4), with and without
ground slugs.

T1-17210 EU
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circuit connections to said $eHﬁcdﬁ§é Yor device; and one or nmore RF
ports conprising | eads of the |eadframe and having a | ow pass filter
characteristic and a predeterm ned characteristic inpedance; pl astic
encapsul ati on of the sem conductor devi ce; a netal ground piece
separate from but connected to said | eadfrane on a frontside of said netal
ground piece, the nmetal ground piece having a backsi de exposed through said

plastic encpghje ation;
Measured Performance of Single-Piece SO-8 RF Leadframe
Packages, . _
with/without Ground Shags; Frequency = 1 GHz;
Applies to RF IN & RF OUT Ports
(Interpal RF ports terminated in short ckts.)

INSERTION  |VSWR ISOLATION
LOSS | BETWEEN
(dB) RF PORTS
- : (dB)
NO GND SLUG: | 0.08 l108 . 30.5
WITH GND 0.09 1.10 405
SLUG:

For open circuit and 50 chm load terminations on the package internal
RF ports, isolation between RF ports 14,16 was measured at greater than 40
dB and 50 dB at 1 GHz, for the no ground slug and with ground slug 40
- cases, respectively.

The SO-8 RF package with ground slug 40 isolation of 40 dB shown in
Table 1 is some 20 dB, i.e., 100 times, higher than that of a standard SO-xx
leadframe package at 1 GHz. In addition, the VSWR and insertion loss of the
package, with. or without ground.slugs, is greatly improved over that of a
standard SO-xx leadframe at 1 GHz. A standard SO-xx leadframe package
could exhibit insertion loss greater than 1.0 dB and VSWR greater than 2:1
at 1 GHz.

The 2-piece SO package approach, preferably has separate leadframe

~ and separate metal ground plane package base. Although the measured
performance for the single-piece SO-8 RF package is very good and
represents a major improvemeni over RF performance achievable with
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standard SO-xx leadframes, it is desirable for some applications to further
improve the isolation between RF ports at 1 GHz to a level of, for example, 60
dB isolation between RF ports at 1 GHz. The two-piece package of the
present invention provides significantly higher isolation between RF ports.

A preferred embodiment of the two-piece SO-20 package is shown in
Figures 6A and 6B. It was called an SO-20 package because it had nearly
the same outer dimensions of a standard SO-20 package, but fewer leads.
The package 50 in Figures 6A and 6B has two pieces, preferably a
rectangular metal bar ground plane 52 also referred to as the package base,
and an upper leadframe 54. The circular metal ground slug 40 in Figure 4A
has preferably been replaced with a rectangular metal ground bar 52
(package base). This metal base 52 is much larger and covers much more
area than the ground slug 40 in Figure 4A. The rectangular package base
metal ground bar 52 provides an excellent low inductance ground return .
path, and serves as the ground plane for the RF conductors 56,58 which are
above it in Figures 6A and 6B. The RF conductors 56,58 can be placed closer
to the ground plane 52 in Figures 6A and 6B than for the package in Figures
4A and 4B, which relies on the circuit board below the package to provide the
ground plane. By reducing RF conductor 56,58 height above the ground
plane from 40 mils in Figure 4B, to approximately 10 mils or 20 mils (not
shown in the side view in Figure 6B), radiative coupling between RF leads
56,58 and RF 56,58 and DC 66,68,70,72 leads may be significantly reduced,
increasing isolation between RF leads 56,58. This also reduces the width of
the lead required to achieve 50 ohms characteristic impedance. The metal
base 52 of the package in Figure 6B, like the ground slug 40 in Figures 4B, is
fully exposed at the bottom of the package 50, allowing for direct electrical
and thermal path connections, using conductive epoxy or solder.

GND (ground) leads 60,62,64 of the upper leadframe 54 may be
connected to the package base metal bar 52 using, as an example, something
akin to a rivet 74. These comnections 74 reduce ground path inductance

T1-17210 EU
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connected to the sane RF port of said sem conductor device; and one
or nore ground |lead pairs connected to said frontside of said nmetal ground
pi ece each being defined by a coupled |lead pair fromthe | eads of the |ead
frane. Generally, and in one formof the invention a device package
is presented conprising: a |leadframe conprising a plurality of |eads for
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between RF leads 56,58 and to improve isolation between RF leads 56, 58.

Figure 7A shows an alternate embodiment of the two-piece SO-20
package, with RF input 56 and output 58 ports no longer on one side of the
package, but ehtering the package diagonally. This could provide some
improvement in isolation between RF leads if desired.

The circuit in Figure 8A is a two-piece SO-20 package using a metal
base similar to that in Figures 6A and 7A, but the leadframe 79 this time has
20 external leads with the same external layout as a standard SO-20
leadframe. The metal base 76 in Figure 8A is represented by the solid line
inner rectangle, with four “ears” protruding from the sides where the ground
leads are preferably "posted” or "riveted” to the base.

Figure 8A shows the uge of a pair of leads to form a RF port 80/82,
84/86, 88/90, and modeling has shown that a near 50 ohm characteristic
impedance could be achieved with this approach for RF ports made up of
pairs of leads 80/82, 84/86, 88/90, if the entire structure was viewed as a
low-pass filter, with a series inductance (the leads), shunted on both sides by
capacitance (a shunt C-geries L-shunt C low-pass filter).

Figure 8A also shows usging pairs of leads for the ground leads 92/94,
96/98, 100/102, 104/106, to reduce ground lead inductance. Each pair of
ground leads is connected fo the package base 76, for example with rivets
108. This connects the two pieces of the package together. RF port leads
80/82, 84/86, 88/90 and ground leads 92/94, 96/98, 100/102, 104/106, are
preferably alternately spaced, making maximum use of the shielding effect of
the ground leads 92/94, 96/98, 100/102, 104J106 to increase 1solauon between
RF pairs of leads 80/82, 84/86, 88/90.
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i nvention one or nore of the leads is substantially w der than the

remai nder of the |eads. Preferably, in operation, sonme of the w der |eads
are connected to ground and sone carry RF signals. The package of
the present invention may be used with many types of devices. It may be
structured and fabricated in many different ways to achi eve the advant ages
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present ed 180/412] si144116; 118,120 connections normally should be made from an
' MMIC RF port over to each lead of the package RF port pair 80/82, 84/86,
88/90. _

Flexibility is offered by the package leadframe 79 arrangement shown
in Figure 8A. Up to 6 two-lead pairs can be accessed as RF ports. Each is
isolated from the next RF port by a ground lead and/or the package metal
base. Assume a single-pole, double-throw (SPDT) switch were to be
assembled inside the package. Three pairs of leads would be used for the RF
ports, and remaining leads would be used to provide control signals to the
switch. The S020 RF two-piece package could also be used with SP3T
switches, which require 4 RF ports, and there would still be four package
"DC" leads left for control signals.

The layout flexibility of the SO-20 RF package makes this package
very attractive for analog and digital mulhport circuit applications across, for
example, DC - 6 GHz.

Figure 9A shows an embodiment inserting, for example, an HBT
amplifier 130 in the SO20 RF package 150. Note the RF input port 132/134.
A single wire 136 may be used to connect from, for example, a MMIC RF
input to one of the package RF port's lead pairs 132/134, and the two package
leads may be connected together inside the package with a short bond wire
138. The RF output port 146/148 shows the normal bond arrangement of two
bond wires 140/142, one going to each lead 146/148.

Figure 9A also shows that in addition to, in this example, an HBT
amplifier 130 MMIC mounted onto the package base 152, other devices such

~ as a MOSCAP 156 and a ceramic thin- or thick-film circuit 158 may also be
mounted to the package base 152. The ceramic circuit 158 with, for example,
conductors on its surface may be used to minimize wire lengths inside the

TI-17210 EU
-12-

This Sheet Has Been Replaced




| eadf rame conprising a plurg Lgyﬂ? nga s for.effecting circuit connections
to.the device; and a netal ¢ éﬂhd*phé@b connected to the | eadfrane. As an
exanmpl e, the packaged device may be an anplifier conprising GaAs

het eroj uncti on bi pol ar transistors. The packaged device of the present
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Ways of carrying out the invention will now be described, by way of exanple
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ures s
to accep% muﬂ:iple components.
164, 166, 168 in the example package configuration shown in Figure 9A.

A circuit, such as an amplifier circuit, is shown mounted into the RF
S020 package 170 in Figure 10A. In this example, the amplifier 172 and a
thin- or thick-film circuit 174 on alumina are preferably mounted inside the
package 170. The ceramic cireuit 174 may again be used to route bias and
control signals inside the package 170, and to minimize wire lengths.

Figures 11A and 11B show an alternative embodiment of package 180

construction. The leadframe 182 at one or both ends of the package 180 can

. be extended inward as shown to be close to the device 192. The leadframe

conductors 184, 186, 188, 190 can then be bonded directly to the device,

without the need for an additional ceramic circuit 158, 174 as shown in
Figures 9A and 10A.

Measured RF performance of the two-piece SO-20 RF package has
shown that the package operates very well across the DC to 8 GHz frequency
range. A brief performance summary is provided in Table 2 below:

Table 2
Measured RF Performance of the Two-Piece
-S0-20 RF Package

FREQUENCY INSERTION WIRE SHORT VSWR
(MHz) LOSS CKT.
(dB) - | ISOLATION
' (dB)

870 <0.10 59 <1.20:1
1800 <0.16 61 < 1.20:1
2400 <0.16 , | 49 _ <120:1
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I n tHe draw ngs: g;,[l views of"a first ifrrastrative
devi ceé package; Fig e 12 1‘*@ K %plan view of a first illustrative
| eadf r ane; Figures 3A and 3B are views of a first illustrative
devi ce package; Figures 4A and 4B are views of a second illustrative

devi ce package and | eadfrane;

This package achieved near-60 dB WORST CASE short circuit
isolation at 1 GHz (the isolation between R ports when the package internal
ports are short-circuited to ground). Therefore, devices such as high gain
transmitter amplifiers, with gain levels to 40 dB or more, could be placed
inside the package without fear of creating oscillation or feedback problems.
The low package VSWR and insertion loss also mean that MMIC
performance will be changed little by the package. '

The two-piece SO-xx RF package may provide isolation levels between
RF ports some 40 dB, ie., 10,000 times, higher than that which could be
achieved using standard SO-xx packages at 1 GHz.

An additional advantage associated with the RF S020 package is that
it should be possible to encapsulate the metal base and leadframe using |
standard SO20 molds. This will reduce tooling costs significantly. A method
of .accomp_hshmg this, as an example,is to indent the bottom of the package
metal base,in this example, by about 5 mils in a small rectangﬁlar region at
the center of the base, in order to avoid contact with raised letters which may
be present in the mold. In this way the package bases can be placed in an
array in the molds and not contact these letters, The indented region during
package assembly onto circuit boards will not be critical to package
performance, and will be partially filled by epoxy or solder.

The metal package base and pair-of-leads, pair-of-ground leads
leadframe layout can be applied to SO-8, 14, 16, 20, 28, etc. pin packages, to
create a family of high performance, high isolation packages. In addition,
performance of TSOP and other package types could benefit from these
concepts.

The package base could be made somewhat smaller at the lengthwise
ends of the package if desired; non-RF leads do not require a package base

TI-17210 EU
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Fi gutig0s '98 &eglr"ap’ﬁ‘xof“ pLt Aot r‘?’% r esul BF P’RAYI OStTative devi €& packages:
Fi gures 6A and 6B are vi endlofi! a.frt’h %8 i1lustrative device package and

ground plane,

For non-RF leads spacers are not necessarily needed during a bonding
process. Therefore if leads are extended inside the package, as in Figure
11A, ceramic or plastic spacers may not be required.

Very similar RF performance results have been measured for circuits
mounted in SO-RF packages and encapsulated with optically clear plastic,
and for those encapsulated in standard black oliaque plastic. Optically
transparent plastics open up potential applications for packaging light
sensitive ICs. Input signals to the plastic packaged IC or modulation of an
amplified signal could be provided/controlled by light. Red and black-IR
transparent dyed plastics, for example, are also available which transmit
only red or IR wavelengths. '

A preferred embodiment has been described in detail hereinabove. It
is to be understood that the scope of the invention also comprebends
embodiments different from those described, yet within the scope of the
claims. For example, while the present invention has been described in
relation to an RF HBT amplifier, any devices which would benefit from the
advantages of the package of the present invention. Similarly, the exact
placement of devices inside the package, and the number and layout of pins
may vary as needed. The concepts of the present invention may also be
incorporated into other types of packages besides the SO. Experimental data
has been provided at certain frequencies, however, the package of the present
invention has the potential to work well in several frequency bands. For
example, X-band frequency appli&ations are also possible. The packages and
concepts of the present invention will be applicable to a wide range of present
and future silicon and GaAs analog and digital integrated circuits. As an
example, the present invention would be applicable in cellular telephone
technology. Words of inclusion are to be interpreted as nonexhaustive in
considering the scope of the invention.
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| catl/phr@s 16:10 FAX 4, /7% 2%}2%?1% 7B.are views of a tourth ilfustrative
devi ce package and Ieadfréﬁéﬂ1ZizévvéFLgures 8A and 8B are views of a first

preferred enbodi nent devi ce package and | eadfrane according to the present
i nveti on; Figures 9A and 9B are views of a second preferred

enbodi ment devi ce package and | eadf rame according to the present invention;
Fi gures 10A and 10B are views of a third preferred enbodi nent device
package and | eadframe according to the present invention; and

While this invention has been described with reference to illustrative
embodiments, this description is not intended fo be construed in a limiting
sense.  Various modifications and combinations of the illustrative
embodiments, as well as other embodiments of the invention, will be
apparent to persons skilled in the art upon reference to the description. It is
therefore intended that the appended claims encompass any such
modifications or embodiments.

T1-17210 EU
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Fi gu}]ég“ 1% &ﬁdwll@ afb 10} 848 %882 an fou‘lpF'h &pwg %rred enbodi ment devi ce
package and | eadfrane accordiiig 248 & present invention. Figure 12
shows exenpl ary internal connections of a device to a |l ead frane.
Correspondi ng nunerals and synbols in the different figures refer to
correspondi ng parts unl ess ot herw se indi cat ed. So packages
enbodyi ng the concepts of the present invention have been experinentally
designed, built, and tested which operate at frequencies up to 6 GHz.

Unl i ke conventional standard SO packages, the packages of the present
invention offer lowinsertion loss, |ow VSWR, and high isolation between RF

| eads and CIEAIMIS:;eads at

1. A package for a device comprising: .
a. a leadframe comprising leads for effecting circuit
connections to said device wherein at least one of said leads is
an RF lead having a low pass filter characteristic; and
b.  a metal ground piece connected to said leadframe on a
frontside of said metal ground piece and exposed on a backside

of said metal ground piece.
2. The package of claim 1, wherein said ground piece is a ground
slug. '
3. The package of claim 2, wherein said slug is connected to a
-bottom side of said leadframe.
4. ‘The package of claim 1, wherein said ground piece is a metal

‘ground plane which serves as a base for said package

5. The package of claim 4, wherein said ground plane is connected
to a bottom side of said leadframe.
6. " The package of claim 1, wherein one or more of said leads is

substantially wider than the remainder of said leads.

7. The package of claim 1, wherein at least some of said leads are
' grouped together in groups of two or more leads, forming lead groups,
to provide a single connection to said device for each of said lead

groups.
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marevase 16: aqué-‘ﬂélzgsl"lTﬁE_?%k-a S5 er I —|ow ground. i.nductance leads. low
ground i nductance retur nipdf hg? aﬁﬁgq | ow t her nal | nmpedance. The
“.single-piece SO style |eadframe, of one enbodi mnent advance the state-of -
the-art by irrpl enenting filter and mcrostrip-concepts for selection of the
RF | ead dinmensions to minimze RF port SWR and insertion |oss, and increase
isolation between RF | eads by changi ng the configuration of ground leads to
wi de ground bars. In addition, a ground slug may be added to the

si ngl e- pi ece SO styl e package exanple presented bel ow to increase isolation
bet ween RF port |eads by 10 to 15 dB over that achi evable by any SO

single-pigce | eadf g, i) “o‘fc‘i‘ai%‘l“%eréiﬁgtwm?:ﬁ&“fé & €48 leads are

RF ports.

9. The package of claim 1, wherein said device is operable with a
characteristic impedance.

10. The package of claim 1, wherein said leadframe is extended

inward to facilitate connection to said device.

11. Thé package of claim 1, wherein a ceramic circuit ie used to
route signals and minimize wire lengths.

12. The package of claim 1, wherein multiple components are
installed therein.

13. The package of claim 1, wherein said package is encapsulated in
optically transparent plastic.

14. The package of claim 13, wherein said optically transparent

plastic is transparent only for a predetermined wavelength range.

15. - A packaged device comprising:
a. a leadframe comprising leads for effecting circuit
connections to said device wherein at least one of said leads is -
an RF lead having a low pass filter characteristic; and
b.  a metal ground piece connected to said leadframe on a
frontside of said metal ground piece and exposed on a backside
of said metal ground piece.

16. The packaged device of claim 15, wherein said device is an
amp]:ﬁer :
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can be'encapsul ated in staddarld 40288kol ds. The two-pi ece package exanple
offers up to 6 RF ports, for multiple RF port circuits |like switches or
m xers, and nultiple MM Cs could be nmounted in the package.

17. o The packaged device of claim 16, wherein said amplifier
includes GaAs heterojunction bipolar transistors.

18. The packaged device of claim 15, wherein said device is a
portion of a communication system.

O o
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_ -5 11704 '96 THB 1L\ aEAX 4121 242 398 dj ust MREL ¢nBRARadf rame and ground pldfas/037
package base |ayouts to cordtrigli R 358&d(s) characteristic inpedance close
to 50 ohns, optimzing a low filter characteristic of the | eads to inprove

package RF performance; and by creating | ow inductance nmetal base and | ow
I nduct ance | ead grounds. Pl acenent of '

DEVICE PACKAGE

lABSTRACT

This is a device package comprising: a leadframe 54 comprising a

device 30; and a metal

i ing circui tions to a
lurality of leads for effecting circuit connec ' ‘
:round piece 52 connected to the leadframe 12. Other devices and methods
are also disclosed. '
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t hese grounds al so increases 5§QLaL o0, et eﬁrﬁﬁ“port | eads, and bet we@m23/o037
DC and RF port | eads. The! Tmb_p;%éibso package descrlbed bel ow -

i npl ements a standard SO outer |eadfra ut pairs of |leads are used to

form RF ports and ground | ead ports. This hel ps change the overall RF port
characteristic inpedance closer to 50 ohns, and ?ﬂe addi ti on of shunt
capaci tance at the ends of the RF port I{ay ugH both | ead width

i ncrease inside the package and shunt capaC|tance at attachnment points on

the MM C and the outer circuit board), a lowpass filter is achieved which
provi des excel |l ent package RF perfornance to 6 GHz. The second piece of the
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———pacl{aé?é—-lgs? F}f wﬁ; h , SELVES both as a |l ow inductance electrical -

ground return path, and of‘n‘[‘ei F‘dwdutdhqr | npedance fromthe MM C nount ed
on the package base to the floor of {he package The bottom of the SO
‘package netal base is fully exposed for direct electrical mounting of the
basé with conductive epoxy or solder to a circuit board. Like the ground
slug, this direct netal base feature increases SO package isol ation between
RF | eads by nore than 10 dB. The two-pi ece SO20 package exanpl e descri bed
bel ow has shown isolation of 45 dB or higher at frequencies to .

approximately 6 GHz, increasing to greater than 50 dB at approximately 3
GHz and bel ow, between RF ports.
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. The 1{WHgi % pleide FAG Ul iotBct%80 packft 3Bt s of the present i S92 /iocs)F) _
may be applied to SO packadfe!W €& d88f nunber of leads - 8, 14, 16, 20,- 28,
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11/04 '96 16:13 FAX 44 171 2
--6-— 7 T Standard surface, o 998{ ?(égsésm% YI ow | C operation at @‘(?26/037
frequenC| es to approxi natel XA 11,11(#- F%;mbut the 1Cs nust be significantly
tuned to operate with the package, a( Xi mum | C performance is not

achi eved. Typical SO packages exhibit high insertion loss at 1 Giz (> 1dB)

‘and high SWR (> 2:1 at 1 GHz). Typical SO packages al so have |ow isol ation
between DC/ I F/ RF pins, typically 20 dB or less at 1
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limts the anpunt of anpllfl dlh h can be inserted into the package
wi t hout creating oscillation proble |caIIy to less than 20 dB gain).
Typi cal SO packages al so have a high thernal | npedance, naking them
unusable for MM Cs which dissipate a few watts of power. Fi gure 1A,
1B, 2, 3A and 3B show a package 10 and | eadfrane .12. Referring to Figure 2,
the | eadframe 12 has two RF port |eads, |labeled RF IN 14 and RF QUT 16, and
two wi de ground port |eads 18, 20, |abeled G\D. The remaining four |eads
22, 24, 26, 28 may be used, as an exanple to provide bias and control
S|gnals to a device such

11/04 ‘96 18:13 FAX 44 171 242 9989 \BEL & I}
GHz. This creates coupling roQIe § ween diFfer ent signal inputs, &Qg7/097
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Ieadfrane 12 in Flgure 2 pé&ﬁopgz t frequencies up to 6 GHz for
several reasons. The RF IN 14 and RF166$ 16 lead wi dths are each preferably
near 50 mls (1.25 m), nearly three tinmes as wide as a standard SO | ead.
This width may be carefully chosen to provide a near-50 ohm characteristic
| npedance for the | ead, encapsulated in plastic, placed over a netal ground
pl ane provided by the circuit_board and heat si nk. shown in Figure 1.

Since this is a single-piece | eadframe, the RF conductors characteristics

are determned by their lead w dths and thickness, the height of the
conductor 14, 16 above
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the &H84nd8pIEatd FHe 44181 2429989 const ABEL df IYME pl astic encapsul ant .3‘??(:1037
t he net al ground pl ane whi dlj istizb&spr ovi ded by the circuit board 35 '
Figure 1B provides an exanpl e way of#‘g this, by cutting a hole 33 in a
circuit board 35 and nounting the package 10 W|th epoxy 34 to a netal
groundpl ane and heat si-nk. This could just be a netal ground plane in a

mul tilayer circuit board. The height of the mcrostrip RF | eads 14, 16
above the ground plane is preferably approximately 1mm (40 mls). Plated
via holes 33 in the circuit board nmaybe used as ground return paths from

t he package wi de ground | eads 18, 20 to the netal . groundpl ane and heat si nk.
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dowh(8? 4 %F n 1§14 uf’}x i r%é]' 2 %ri?fg ?gurat | o%aEL 3 nﬁﬁxat t he package could b .

e
surface- nount ed to a cirddit 'lbt%r@jﬂwThe circuit board would then _
preferably have a ground pl ane net al g k&n on top of the board, to be

pl aced beneath the package in the regi‘on o6f the RF conductors. Thi s circuit
 board top "ground plane" could be connected with vias to |ower layers in

t he board. The ground | eads 18, 20 shown in Figures 1A-3B
preferably have widths of nearly 3.8 nm (150 mls). These extrenely w de

| eads of fer |ow inductance fromthe center of the package out to the
circuit board. Thi's | ow i nductance ground return-path is the primary factor
whi ch control isolation between RF in/out ports 14,16. The | ower
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11/04 16:15 FAX 44 171 242 9988 . 4 BE & IMRAY
—%hh&—lndthance can be

@032/037
nade, [ he hi gher t I sol ati on which can be achieved
bet ween package RF ports 1 41 ~¢’ 23 The mnde ground | eads 18, 20 help act
as shi el ds between other ports of thé(hlr it. For instance, the RF in 14
and out of 16 port |eads are separated mnt

a wi de ground | ead 20 bet ween
them This |lead 20 reduces coupling of signals between the RF | eads 14, 16,
I nproving isolation between the RF | eads 14, 16. SO package isolation
may be further inproved by providing a ground slug 40, shown in Figure 4A
to be connected fromthe bottomcenter of the |eadframe 12, directly to a
circuit board underneath the package 10. This 5|gn|f|cantly reduces the
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11/04 '96 186:15 FAX 44 171 242 i
“Tength.and i nductance of th R%fsﬁg ré%nd re?urn pat h, increasing Iosmm37.
| sol ati on between RF ports T% gl 3589 The ground slug 40 is, for
exanple, a circular or rectangul ar Né(g di sk whi ch may be expoxied onto
the bottomof the |eadframe. After :%g t he package 10, the slug 40 is
preferably exposed at the bottom of the package 10, allow ng direct
el ectrical and thermal contact to the netal slug 40. The slug 40 is
represented as a circle in the center of the leadfrane 12 in the top view
of .the drawi ng shown in Figure 4A. A side view of the package in Figure 4B
shows the bottom of the slug 40 fully exposed after nolding of the package
10. _
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Attachi ng a-*ground "sl ug" gOHT ﬂfeLQEably a circular or rectangul ar di sk of
metal - to the package Ieaé f“r'a\ne"l?d‘"‘ﬁas been experinentally shown to - e
i ncrease isolation between RF por\sg_lf, iG by 10 to 15 dB at 1 GHz, and

{ : :

i sol ation was al so i ncreased at
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.- 87 : .Note_ that this ground slug approach and concept coukgukesarp!ied
to any SO xx l|leadfrane to inprove RF performance and isol ation of any

SO xx package. The WI de Ieads concept, describediabove; can be: used ln
‘concert {wi t hthe gFgung.; i n

desired,¥; -
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REPLACEMENT SHEET}
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FIELD OF THE INVENTION

This invention generally relates to device packaging.
BACEKGROUND OF THE INVENTION

_ Withoﬁt limiting the scope of the invention, its background is
~ described in connection with RF device packaging, as an example.
Heretofore, in this field, packages operating at frequencies of 1 GHz or
higher were normally of metal-ceramic constmchon, or metal bases with
plastic cavity lids and metal leads stlclnng through the plastic sides.

Standard SO8, 8014,"and S020 pl'asﬁc ennapsulated packages have’
been used for RF applications at frequencies up to 1 GHz. However, these
leadframes have high lead ixiductances which must be accounted for in the |
design of the ICs inserted into the leadframes. Isolation between leads is
also low, typically 20 dB or less at 1 GHz. This limits the amount of
amplifier gain which can be inserted in the packages at microwave
frequencies, and creates the potential for eouphng problems between RF
ports and RF and DC ports.

SUMMARY OF THE INVENTION

It is herein recognized that a need exists for a lower cost, more efficient
device package that may be used in higher frequency applications. The
present invention is directed toward meeting those needs.
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Measur ed performance of SO 8-1ead RF packages,

sl ugs,

wi th and without ground
was neasured to 10 GHz, and plotted to 7 GHz, as shown in Figure 5.

Figure 5 shows that neasured RF port-to-port isolati on;{@pi‘@g @gﬁ R?FET O16
»)

termnated in short circuits was increased from 30 dB
package w t hout ground slug, to 40 dB for the SO packggg with ground
40, a 10 dB increase (factor of 10 inprovenent). "TadROAT 980w
briefly sumrmari zes nmeasured RF performance of the SOS-Ifead si ngl e- pi pc
| eadf rane package (Figures 1-4), with a@dd wi thout groynd STUQS.

| lig

a)
-

Generally, and in one form of the invention a device package is
presented comprising: a leadframe comprising a plurality of leads for
effecting circuit connections to said device; and a metal ground piece
connected to said leadframe. As examples, the ground piece may be a ground

“ slug connected to a bottom side of the leadframe. or a metal ground plane

which servee as a base for the package connected to a bottom side of the
leadframe.

'Th another form of the present invention one or more of the leads is
substantially wider than the remainder of the leads. Preferably, in
operation, some of the wider leads are connected to ground and some carry
RF gignals. In yet another form of the invention at least some of the leads
are grouped together in groups of two or more leads, forming lead groups, to
provide a singl_e ‘connection to the device for each of the lead groups.

The package of the present invention may be used with many types of
devices. It may be structured and fabricated in many different ways to
achieve the advantages of -the present invention. Several of these
alternatives are described below

In another form of the invention a packaged device is presented
comprising: a leadframe comprising a plurality of leads for effecting circuit
connections to the device; and 'a metal ground piece comnected to the
leadframe. As an example, the packaged device may be an amplifier
comprising GaAs heterojunction bipolar transistors. The packaged device of
the present invention may be a portion of a communication system or a
cordless phone.
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BRIEF DESCRIPTION OF THE DRAWINGS  heoacsmmmimsans S

In the drawings:
Figures 1A and 1B are views of a first preferred embodiment device
package according to the present invention;
' Figure 2 is a plan view of a first preferred embodiment leadframe
according to the present invention;
Figures 8A and 3B are views of a first preferred embodiment device
package according to the present invention;
_ Figures 4A and 4B ave views of a second preferred embodiment device
package and leadframe according to the present invention;

Figure 5 is a graph of performance results of device packages
according to the present invention;

Figures 6A and 6B are views of a third preferred embodiment device
package and leadframe according to the present invention;

Figures 7TA and 7B are views of a fourth preferred embodiment device
package and leadframe according to the present invention; '

Figures 8A and 8B are views of a fifth preferred embodiment device
package and leadframe according to the present invention;

Figures 9A and 9B are views of a sixth preferred embodiment device

" package and leadframe according to the Mt invention;

Figures 10A and 10B are views of a seventh preferred emhodiment

device package and leadframe according to the present invention; and
- Figures 11A and 11B are views of an eighth preferred embodiment
device package and leadframe according to the pregent invention.
Figure 12 shows exemplary internal connections of a device to a lead
frame. &
Corresponding numerals and symbols in the different figures refer to
corresponding parts unless otherwise indicated.
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Tabl 'e 1 Measured Performance of Single-Piece SO 8 RF Leadfrane Packages,
,wW th/wi thout G ound Slugs; Frequency = 1 GHz; Applies W u,gﬁxi_
EPLAC

[N o il ' W

Ports (Internal RF ports term nated in short ckts.) BMENT YHEET
| NSERTI ON VSVR | SOLATI ON LOSS
BETWEEN (dB) REJRSONTHos |

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

SO packages embodying the concepts of the present invention have
been experimentally designed, built, and tested which operate at frequencies
up to 6 GHz. Unlike conventional standard SO packages, the packages of the
present invention offer low insertion loss, low VSWR, and high isolation
between RF leads and RF-DC leads at microwave frequencies. The packages

offer low ground inductance leads, low ground inductance return paths, and
low thermal impedance.

The single-piece SO style leadframes, of one embodiment of the
present invention, advance the state-of-the-art by implementing filter and
microstrip concepts for selection of the RF lead dimensions to minimize RF
port SWR and ingertion loss, and increase igolation between RF leads by
changing the configuration of ground leads to wide ground bars. In addition,
a ground slug may be added to the single-piece SO style package example
presented below to increase isolation between RF port leads by 10 to 15 dB
over that achievable by any SQ single-piece leadframe without a ground slug.
The two-piece package example described below has a .standard SO20
external outline, and can be encapsulated in standard SO20 molds. The two-
piece package example offers up to 6 RF ports for multiple RF port circuits -
like switches or mixers, and multiple MMICs could be mounted in the
package.

This was achieved by adjusting the leadframe and ground plane or
package base layouts to control RF lead(s) characteristic impedance close to
50 ohms, optimizing a low pass filter characteristic of the leads to improve
package RF performance; and by creating low inductance metal base and low
inductancé lead grounds. Placement of these ground leads also increases
isolation between RF port leads, and between DC and RF port leads.
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(dB) NO G\D SLUG 0. 08 1.03 30.5 W TH G\D

0. 09

1.10 . 40.5 SLUG For [&4 Eirh G4 o
ohmload term nations on the package internal RF portMé@i@ms

RF ports 14,16 was neasured at greater than 40 dB and dB at 1 GHz,
the no ground slug and with ground slug 40 cases, respect 22MGT 1996

5

The two-piece SO package described below implements a standard SO
outer leadframe, but pairs of leads are used to form RF ports or ground lead

. ports. This helps change the overall RF port characteristic impedance closer
* to 50 ohms, and with the addition of shunt capacitance at the ends of the RF
. port leads (through both lead width increases inside the package and shunt

capacitance at attachment points on the MMIC and the outer circuit board), a
low-pass filter is achieved which provides excellent package RF performance
to 6 GHz. The second piece of the two-piece SO package is the metal base

which serves both as a low inductance electrical ground return path, and

offers low thermal impedance from the MMIC mounted on the package base
to the floor of the package. The bottom of the SO package metal base is fully
exposed for direct electrical mounting of the base with conductive epoxy. or
solder to a circuit board. Like the ground slug, this direct metal base feature
increases SO package isclation between RF leads by more than 10 dB. The
two-piece SO20 package example described below has shown isolation of 45
dB or higher at frequencies to approximately 6 GHz, increasing to greater
than 50 dB at approximately 8 GHz and below, between RF ports.

The single-piece and two-piece SO package concepts of the present
invention may be applied toSO packages with any number of leads - 8, 14,
16, 20, 28, 40, etc.

Standard surface mount. S0 'packageé allow IC operafion at

frequencies to approximately 1 or 2 GHz, but the ICs must be significantly .
. tuned to operate with the package, and maximuwm IC performance is not

achieved. Typical SO packages exhibit high insertion loss at 1 GHz (> 1 dB)
and high SWR ¢ 2:1 at 1 GHz). Typical SO packages also have low isolation
between DC/IF/RF pins, typically 20 dB or less at 1 GHz. This creates
coupling problems between different signal inputs, and limits the amount of
amplifier gain which can be inserted into the package without creating
oscillation problems (typically to less than 20 dB gain). Typical SO packages
also have a high thermal impedance, making them unusable for MMICs

—
——
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- The SO 8 RF package with ground slug 40 isolation of 40 dB shown in Table 1
~1s some 20 dB, i.e., 100 tinmes, higher than that of a standard SO xx

| eadf rane package at 1 GHz. In addition, the VSWR and insertion | oss of the
package, with or w thout ground slugs, is greatly inproved over that of a
standard SO xx |eadfrane at 1 Giz. A standard SO-xx | eadfranme package coul d

exhibit insertion |loss greater than 1.0 dB and VS
GHz.

6

which dissipate a few watts of power.

Figures 1A, 1B, 2, 3A and 3B show the package 10 and leadframe 12 of
an embodiment of the present invention. Referring to Figure 2, the
leadframe 12 has two RF port leads, labeled RF IN 14 and RF OUT 16, and
two wide ground port leads 18,20, labeled GND. The remaining four leads
22,24,26,28 may be used, as an example; to provide bias and control signals

to a device such as a transmitter amplifier 30 mounted onto the leadframe
12.

The leadframe 12 in Figure 2 performs well at frequencies up to 6 GHz
for several reasons. The RF IN 14 and RF OUT 16 lead widths are each
preferably near 50 mils (1.25 mm), nearly three times as wide as a standard
SO lead. This width may be carefully chosen to provide a near-50 ohm
characteristic impedance for the lead, encapsulated in plastic, placed over a
metal ground plane 32 provided by the circuit board and heatgink shown in
Figure 1.

Since this is a single-piece leadframe, the RF conductors
characteristics are determined by their lead widths and thickness, the height
of the conductor 14,16 above the ground plane 32, the dielectric constant of
the plastic encapsulant, and the metal ground plane 32 which must be
provided by the circuit board 35. Figure 1B provides an example way of
doing this, by cutting a hole 83 in a circuit board 35 and mounting the
package 10 with epoxy 34 to a metal groundplane and heat sink 82. This
could just be a metal ground plane in a multilayer circuit board. The height
of the microstrip RF leads 14,16 above the ground plane 32 is preferably
approximately 40 mils (1 mm). Plated via holes 33 in the circuit board may
be used as ground return paths from the package wide ground leads 18,20 to
the metal groundplane and heatsink 32.

e
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. 4 : _
The 2-pi ece SO package approach, preferably has separate |eadframe and
. separate netal ground pl ane package base. Although the asured performance
for the single-piece SO8 RF package is very good and re
m%bﬁl/’:.l\‘f HE‘E‘{

I nprovenent over RF perfornmance achievable with

An alternate approach is to bend the leads of the SO- 8-lead RF
package downward in a “gull-wing" configuration, so that the package could
be surface-mounted to a circuit board. The circuit board would then
preferably have a ground plane metal xegion on top of the board, to be placed
beneath the package in the region of the RF conductors. This circuit board

top "ground plane" could be connected with vias to lower metal layers in the
board.

The ground leads 18,20 shownm in Figures 1A-3B preferably have
widths of nearly 150 mils. These extremely wide leads offer low inductance
from the center of the package out to the circuit board. This low inductance
ground return path is the primary factor which controls isolation, between RF
in/out ports 14,16. The lower this inductance can be made, the higher the

~ isolation which can be achieved between package RF ports 14,16.

The wide ground leads 18,20 help act as shields between other ports of
the circuit. For instance, the RF in 14 and out 16 port leads are separated
with a wide ground lead 20 between them. This lead 20 reduces coupling of
signals between the RF leads 14 16, improving isolation between the RF

. leads 14,16.

SO package isolation may be further improved by providing a ground -
slug 40, shown in Figure 4A, to be connected from the bottom center of the
leadframe 12, directly to a circuit board underneath the package 10. This
significantly reduces the length and inductance of the package ground retwrn -
path, increasing isolation between RF ports 14,16.

The ground slug 40 is, for example, a circular or rectangular metal
disk which may be epoxied onto the bottom of the leadframe. After molding
the package 10, the slug 40 is preferably exposed at the bottom of the
package 10, allowing direct electrical and thermal contact to the metal slug
40. The slug 40 is represented as a circle in the center of the leadframe 12 in
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exanpl e,

standard SO xx leadfranmes, it is desirable for sonme applications to
*further inprove the isolation between RF ports at 1 G4z to a |level of, for

60 dB

i sol ati on between RF ports at 1 GHz. The two-pi ece package

provides significantly higher isolation

the top view of the drawing shown in Figure 4A. A side view o
in Figure 4B shows the bottom of the slug 40 fully exposed after molding of
the package 10.

Attaching a ground "slug" 40 - preferably a circular or rectangular disk
of metal - to the package leadframe 12 has been experimentally shown to

increase isolation between RF ports 14,16 by 10 to 15 dB at 1 GHz and
isolation was also mcreased at higher frequencies.

Note that this ground slug approach and concept could be applied to

any SO-xx leadframe to improve RF performance and isolation of any SO-xx

package. The wide leads concept, described above, can be used in concert
with the ground slug or they may be employed individually, as desired.

Measured performance of SO- 8-lead RF packages, with and without
ground slugs, was measured to 10 GHz, and plotted to 7 GHz, as showm in
Figure 5. Figure 5 shows that measured RF port-to-port isolation with RF
ports 14,16 terminated in short circuits was increased from 80 dB at 1 GHz
for the SO package without ground slug, to 40 dB for the SO package with
ground slug 40, a 10 dB increase (factor of 10 improvement).

Table 1 below briefly summarizes measured RF performance of the
S0-8-lead single-piece leadframe package (Figures 1-4), with and without
ground slugs.
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bet ween! RF ports.

A two-pi ece SO 20 package is shown in Figures 6A

.and 6B. It was called an SO 20 package because it had nearly the sane outer

di mrensi ons of a standard SO 20 package, but fewer |eads. The package
Fi gures 6A and 6B has two pieces, preferably a rec g@ oLUp =1,

pl ane 52 also referred to as the package base, and1 - _
The circuilar nmetal ground slug 40 in Figure 4A ha$ preferably begn
replaced with a rectangul ar netal ground bar 52 (packa@e? Da3el9s THi S

base 52 is nmuch larger and covers nuch gore area thaph the ground gl 4g 40 in
Figure 4A. The rectangul ar package base netal groufpd*-bar—52—provides

excel | ent

[

Table 1

Measured Performance of Single-Piece S0-8 RF Leadframe
Packages, _

with/without Ground Stugs; Frequency = 1 GHz;

Applies to RF IN & RF OUT Ports

(Internal RF ports terminated in short ckts.)
-INSERTION VSWR ISOLATION
LOSS BETWEEN
(dB) RF PORTS
(dB)

NO GND SLUG: | 0.08 1.03 30.5

WITH GND 0.09 1.10 40.5

SLUG: '

@ﬁﬁl: ei agﬁﬂfe 54.

For open circuit and 50 ohm load terminations on the package internal
RF ports, isolation between RF ports 14,16 was measured at greater than 40

dB and 50 dB at 1 GHz, for the no ground slug and with ground slug 40
cases, respectively. '

The SO-8 RF package with ground slug 40 isolation of 40 dB shown in
Table 1 is some 20 dB, i.e., 100 times, higher than that of a standard SO-xx
leadframe package at 1 GHz. In addition, the VSWR and insertion loss of the
package, with or without ground. slugs, is greatly improved over that of a
standard SO-xx leadframe at 1 GHz. A standard SO-xx leadframe package

could exhibit ingertion loss greater than 1.0 dB and VSWR greater than 2:1
at 1 GHz.

The 2-piece SO package approach, preferably has separate leadframe
and separate metal ground plane package base. Although the measured
performance for the single-plece SO-8 RF package is very good and
represents a major improvement over RF performance achievable with
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| oW I nduct ance ground return path, and serves as t he ground pl ane for the
:RF conductors 56,58 which are above it in Figure 6A and_6B. The RF

conductors 56, 58 can be placed closer to the ground pl
and 6B than for the package in Figures 4A and 4B, whichir
circuit board bel ow the package to provide the ground
conductor 56, 58 height above the ground plane froml

Fi gure 4B,

shown in the side viewin Figure 6B), radiative coupli
56, 58 and RF 56,58 and DC 66, 687072 | &8ds may be si gni

(4.62 TERHN

AT

to approximtely 0.25 mmor 0.5 nm (10 milsjorp 20 nmils) (no

s

FAn et v

By reduci fig]RF

g between RFteads,
lcantly reduced,

I ncreasing isolation between RF | eads 56,58. This al so reduces the w dith of
the lead required to

standard SO-xx leadframes, it is desirable for some applications to further
improve the isolation between RF ports at 1 GHz to alevel of, for example, 60
dB isolation between RF ports at 1 GHz. The fwo-piece package of the
present invention provides significantly higher isolation between RF ports.

A preferred embodiment of the two-piece SO-20 package is shown in
Figures 6A and 6B. It was called an SO-20 package because it had nearly
the same outer dimensions of a standard SO-20 package, but fewer leads.
The package 50 in Figures 6A and 6B has two pieces, preferably a
rectangular metal bar ground plane 52 also referred to as the package base,
and an upper leadframe 54. The circular metal ground slug 40 in Figure 4A
has preferably been replaced with a rectangular metal ground bar 52
(package base). This metal base 52 is much larger and covers much more
area than the ground slug 40 in Figure 4A. The rectangular package base
metal ground bar 52 provides an excellent low inductance ground return
path, and serves as the ground plane for the RF conductors 56,58 which are
above it in Figures 6A and 6B. The RF conductors 56,58 can be placed closer
to the ground plane 52 in Figures 6A and 6B than for the package in Figures
4A and 4B, which relies on the circuit board below the package to provide the
ground plane. By reducing RF conductor 56,58 height above the ground .
plane from 40 mils in Figure 4B, to approximately 10 mils or 20 mils (not
ghown in the side view in Figure 6B), radiative coupling between RF leads
66,58 and RF 56,58 and DC 66,68,70,72 leads may be significantly reduced,
increasing isolation between RF leads 56,568. This also reduces the width of
the lead required to achieve 50 obms characteristic impedance. The metal
base 52 of the package in Figure 6B, like the ground slug 40 in Figures 4B, is
fully exposed at the bottom of the package 50, allowing for direct electrical
and thermal path connections, using conductive epoxy or solder.

GND (ground) leads 60,62,64 of the upper leadframe 54 may be
connected to the package base metal bar 52 using, as an example, something
akin to a rivet 74. These connections 74 reduce ground path inductance

e
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achi eve 50 ohns characteristic inpedance. The netal base 52 of the package
in Figure 6B, like the ground slug 40 in Figure 4B, is fully exposed at the
bottom of the package 50, allowing for direct electrical and thermal path

connections, using conductive epoxy or sol der. G\D (ground) | eads
60, 62, 64 of the upper |eadfrane 54 may be connected to

netal bar 52 using, as an exanple, sonething akin to a ri Rﬁ?ﬁﬁfkgﬁﬁiiﬁﬁgﬁﬁ
connections 74 reduce ground path inductance further. The 'eads 60,

are placed between the RF in 56 and out pdrts 58, as they|were £achiegs | r

Figure 4A, to act as a shield to reduce coupling between RF{l|eads 56,58 gnd
to inprove isolation

further. The GND leads 60,62 are placed between the RF in 56 and out ports
58, as they were earlier in Figure 44, to act as a shield to reduce coupling
between RF leads 56,58 and to improve isolation between RF leads 56,58.

Figure 7A shows an alternate embodiment of the two-piece SO-20
package, with RF input 56 and output 58 ports no longer on one side of the
package, but entering the package diagonally. This could provide some
improvement in isolation between RF leads if desired.

The circuit in Figure 8A is a two-piece SO-20 package using a metal
base similar to that in Figures 6A and 7A, but the leadframe 79 this time has
20 external leads with the same external layout as a standard SO-20
leadframe. The metal base 76 in Figure 8A is represented by the solid line
inner rectangle, with four "ears” protruding from the sides where the ground
leads are preferably “posted” or "riveted” to the base.

Figure 8A shows the use of a pair of leads to form a RF port 80/82,

84/86, 88/90, and modeling has ehown that a near 50 ochm characteristic

impedance could be achieved with this approach for RF ports made up of

pairs of leads 80/82, 84/86, 88/90, if the entire structure was viewed as a

‘low-pass filter, with a series inductance (the leads), shunted on both sides by
capacitance (a shunt C-series L-shunt C low-pass filter).

Figure 8A also shows using pairs of leads for the ground leads 92/94,
96/98, 100/102, 104/106, to reduce ground lead inductance. Each pair of
ground leads is connected to the package base 76, for example with rivets
108. This connects the two pieces of the package together. RF port leads
80/82, 84/86, 88/90 and ground leads 92/94, 96/98, 100/102, 104/106, are
preferably alternately spaced, making maximum usge of the shielding effect of
the ground leads 92/94, 96/98, 100/102, 104/106, to increase isolation between
RF pairs of leads 80/82, 84/86, 88/90.
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':'1)etrween RF | eads 56, 58.
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To form an RF port 80/82, 84/86, 88/90 in Figure 84, two bond wire
110/112, 114/116, 118,120 connections normally should be made from an

MMIC RF port over to each lead of the package RF port pair 80/82, 84/86,
88/90.

Flexibility is offered by the package leadframe 79 arrangement shown
in Figure 8A. Up to 6 two-lead pairs can be accessed as RF ports. Each is
isolated from the next RF port by a ground lead and/or the package metal
base. Assume a single-pole, double-throw (SPDT) switch were to be
assembled inside the package. Three pairs of leads would be used for the RF
ports, and remaining leads would be used to provide control signals to the
switch. The SO20 RF two-piece package could also be used with SP3T
switches, which require 4 RF ports, and there would still be four package
"DC" leads left for control signals.

The layout flexibility of the SO-20 RF package makes this package
very attractive for analog and digital mult;port circuit applications across, for
example, DC - 6 GHz.

Figure 9A shows an embodiment inserting, for example, an HBT
amplifier 130 in the SO20 RF package 150. Note the RF input port 182/134.
A single wire 136 may be used to connect from, for example, a MMIC RF
input to one of the package RF port's lead pairs 182/134, and the two package
leads may be connected together inside the package with a short bond wire
138. The RF output port 146/148 shows the normal bond arrangement of two
bond wires 140/142, one going to each lead 146/148.

Figure 9A also shows that in addition to, in this example, an HBT
amplifier 130 MMIC mouxted onto the package base 152, other devices such
as a MOSCAP 156 and a ceramic thin- or thick-film circuit 158 may also be
mounted to the package base 152. The ceramic circuit 168 with, for example,
conductors on its surface may be used to minimize wire lengths inside the

his Sheet Has Been Replaced
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Fi gure 7A shows an alternate two-piece SO 20 package, with RF input 56 and
;, output 58 ports no |longer on one side of the package, but entering the

package di agonally. This could provide some inprovenent in_isolation
CER AL R T
22 0CT 1956
13

| package 150. This also provides an example of the flexibility of the package
to accept multiple components. There are still five unused leads 160, 162,
164, 166, 168 in the example package configuration shown in Figure 9A.

A circuit, such as an amplifier circuit, is shown mounted into the RF
S020 package 170 in Figure 10A. In this example, the amplifier 172 and a
thin- or thick-film circuit 174 on alumina are preferably mounted inside the
package 170. The ceramic circuit 174 may again be used fo route bias and
control signals inside the package 170, and to minimizeé wire lengths.

Figures 11A and 11B show an alternative embodiment of package 180
construction. The leadframe 182 at one or both ends of the package 180 can
be extended inward as shown to be close to the device 192. The leadframe
conductors 184, 186, 188, 190 can then be bonded directly to the device,
without the need for an additional ceramic circuit 1568, 174 as shown in
Figures 9A and 10A.

Measured RF performance of the two-piece §0-20 RF package has
shown that the package operates very well across the DC to 6 GHz frequency
. range. A brief performance summary is provided in Table 2 below:

Table 2 .
Measured RF Performance of the Two-Piece
-S0-20 RF Pa e

FREQUENCY |INSERTION | WIRE SHORT |VSWR
(MHz) LOSS | CRT.
- (dB) : ISOLATION
(dB)
870 <010 " 59 <1.20:1
1800 <0.16 51 <1.20:1
2400 1 <0.16 49 <1.20:1
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i nvention using a netal base simlar to that in Figures 6A and 7A, but the
leadfranme 79 this tinme has 20 external leads with the s .external |ayout
as a standard SO 20 | eadfrane. The metal base 76 in Fi m""'""‘"é} —
represented by the solid line inner rectangular, wth fo uf‘LFJ

protrud| ng fromthe sides where the ground Ieads are prefl;r ny postebl

or
‘riveted" to the base. Fi gure 8A shows the use 3i0CTokok eads| t o
forma RF port 80/82, 84/86, 88/90, and nodeling has skhown that a nearj
ohm characteristic |rrpedance could be aghieved with this appr oach—for-it He
RF ports made up of pairs of |eads 80/82, 84/86, 88/90i--if-the entire
structure was viewed as a |lowpass filter, with a series inductance ™

i
A

This package achieved near-60 dB WORST CASE short circuit
isolation at 1 GHz (the isolation between RF ports when the package internal
ports are short-circuited to ground). Therefore, devices such as high gain
transmitter amplifiers, with gain levels to 40 dB or more, could be placed
inside the package without fear of creating oscillation or feedback problems.

The low package VSWR and insertion loss also mean that MMIC
- performance will be changed little by the package.

| The two-piece SO-xx RF package may provide isolation levels between
RF ports some 40 dB, i.e, 10,000 times, higher than that which could be
achieved using standard SO-xx packages at 1 GHz.

An additional advantage associated with the RF SO20 package is that
it should be possible to encapsulate the metal base and leadframe using
standard SO20 molds. This will reduce tooling costs significantly. A method
of accomplishing this, as an example,is to indent the bottom of the package
metal base,in this example, by about & mils in a small rectangular region at

" the center of the base, in order to avoid contact with raised letters which may
be present in the mold. In this way the package bases can be placed in an
array in the molds and not contact these letters. The indented region during
package assembly onto circuit boards will not be critical to package
performance, and will be partially filled by epoxy or solder.

The metal package base and pair-of-leads, pair-of-ground leads
 leadframe layout can be applied to SO-8, 14, 16, 20, 28, etc. pin packages, to
create a family of high performance, high isolation packages. In addition,

performance of TSOP and other package types could benefit from these
concepts.

The package base could be made somewhat smaller at the lengthwise
ends of the package if desired; non-RF leads do not require a package base
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(the |l eads), shunted on both sides by capacitance (a shunt Cseries L-shunt
C lowpass filter). Figure 8A al so shows using pairs of |eads for
the ground | eads 92/94, 96/98, 100/102, 104/106, to re
i nduct ance. Each pair of ground |leads is connected to
for exanple with rivets 108. This connects the two pi
together. RF port |eads 80/82, 84/86, 88/ 90 and groun
100/ 102, 104/106, are preferably alternately spaced,
the shielding effect of the ground Iead?592/94 96/ 98
i ncrease isolation between RF pairs of le

. ground plane.

For non-RF leads spacers are not necessarily needed during a bonding
process. Therefore if leads are extended inside the package, as in Figure
11A, ceramic or plastic spacers may not be required.

Very similar RF performance results have been measured for circuits
mounted in SO-RF packages and encapsulated with optically dear plastic,
and for those encapsulated in standard black opaque plastic. Optically
transparent plastics open up potential applications for packaging light
sensitive ICs. Input signals to the plastic packaged IC or modulation of an
amplified signal could be provided/controlled by light. Red and black-IR
transparent dyed plastics, for example, are also available which transmit
only red or IR wavelengths.

A preferred embodiment has been described in detail hereinabove. It
is to be understood that the scope of the invenfion also comprehends
embodiments different from those described, yet within the scope of the
claims. For example, while the present invention has been described in
relation to an RF HBT amplifier, any devices which would benefit from the
advantages of the package of the present invention. Similarly, the exact
placement of devices inside the package, and the number and layout of pins
may vary as needed. The concepts of the present invention may also be
incorporated into other types of packages besides the SO. Experimental data
has been provided at certain frequencies, however, the package of the present
invention has the potential to work well in several frequency bands. For
example, X-band frequency applications are also possible. The packages and
concepts of the present invention will be applicable to a wide range of present
and future silicon and GaAs analog and digital integrated circuits. As an
example, the present invention would be applicable in cellular telephone
technology. Words of inclusion are to be interpreted as nonexhaustive in
considering the scope of the invention.
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While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting
gense. Various modifications and combinations of the illustrative
embodiments, as well as other embodiments of the invention, will be
apparent to persons skilled in the art upon reference to the description. It is

therefore  intended that the appended claims encompass. any such
modifications or embodime'nts.
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- 12 -t To forman RF port 80/82, 84/86, 88/90 in Figure 8A, two bond
wire 110/112, 114/116, 118,120 connections normal |y shoul d be made from an
" MM C RF port over to each |ead of the package RF port, pair 80/82, 84/86,

88/ 90. Flexibility is offered by the package 1
arrangenment shown in Figure 8A. Up to 6 two-|ead pai
RF ports. Each is isolated fromthe next RF port by

-y ; as
ground Iead‘ 'an for

t he package net al 220CT 1994 |
17 .
] /
1. A package for a device comprising:

a. a leadframe comprising Jeads for effecting circuit
connections to said device wherein at least one of said leads is
an RF lead Having a 1ow pass filter characteristic; and

b. - a metal ground piece connected to said leadframe on a
frontside of said metal ground piece and exposed on a backside

of said metal ground piece.
2. The package of claim 1, wherein said ground piece is a ground
slug.
3. The package of claim 2, wherein said slug is connected to a
‘bottom side of said leadframe.
4. The package of claim 1, wherein said ground piece is a metal

ground plane which serves as a base for said package.

5. The package of claim 4, wherein said ground plane is connected
to a bottom side of said leadframe. '

6. The package of claim 1, wherein one or more of said leads is
substantially wider than the remainder of said leads.

1. The package of claim 1, wherein at least some of said leads are
grouped together in groups of two or more leads, forming lead groups,

to provide a single connection to said device for each of said lead
groups.

I
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base. Assune a si ngl e- pol e, doubl e-t hrow (SPDT) swi tch Y@ M»mgggeml ed
-inside the package. Three pairs of |eads woul d be used L é{]é @;rg
and remaining | eads woul d be used to provide control sigha s T0~

The S020 RF two- pi ece package could al so be used with |ch
require 4 RF ports, and there would still be four pac Iet
for control signals. The layout flexibility of |t RF pa k ge

makes this package very attractive for anal og and di giltal

mul tiport Cir U|t
applications across, for
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8. The package of claim 1, wherein two or more of said leads are
RF ports. '

9. The package of claim 1, wherein said device is operable with a
characteristic impedance.

10. The package of claim 1, wherein said leadframe is extended

inward to facilitate connection to said device.

11. The package of claim 1, wherein a ceramie circuit is used to
route signals and minimize wire lengths.

12. The package of claim 1, wherein multiple components are
ingtalled therein.

13. The package of claim 1, w_herei:_i said package is encapsulated in
optically transparent plastic.

14 The package of clann 138, wherein said optically transparent

plastic is transparent only for a predetermined wavelength range.

15. A packaged device comprising:
a. a leadframe comprising leads for eﬁ‘echng circuit
connections to said device wherein at least one of said leads is
an RF lead having a low pass filter characteristic; and '
b. a mefal ground piece connected to said leadframe on a
frontside of said metal ground piece and exposed on a backside
of said metal ground piece.

16. The packaged device of claim 15, wherein said device is an
amplifier.
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exanpl e}, DC - 6 GHz. Fi gure 9A shows an enbodi nent inserting, for
. exanple, an HBT anplifier 130 in the SO20 RF package 150. Note the RF input
port 132/134. A single wire 136 may be used to connect from for exanple, a, .
MM C RF input to one of the package RF port's lead pairs 132/ 134, and the |
two package | eads may be connected together inside the package with a short:
bond wire 138. The RF output port 146/ 148 shows the nornmal bond arrangenent *’
of two bond wires 140/ 142, one going tolgeach | ead 146/ 148. \

17. The packaged device of claim 16, wherein said amplifier
includes GaAs heterojunction bipolar transistors.

18. The packaged device of c¢laim 15, wherem said device is a
portion of a communication system.
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Figure 9A al so shows that in addition to, in this exanple, an HBT anplifier
130 MM C nounted onto the package base 152, other devices such as a MOSCAP
156 and a ceramic thin- or thick-filmcircuit 158 may al so be nounted to

t he package base 152. The ceramc circuit 158 with, for exanple, conductors
on its surface may be used to mnimze wire | engths insi
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ABSTRACT

This is a device package comprising: a leadframe 64 comprising a
plurality of leads for effecting circuit connections to a device 30; and a metal
ground piece 52 connected to the leadframe 12. Other devices and methods
are also disclosed.

Figure 6a
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- 13 - %ackage 150. This al so provides an exanple of the flexibility of the

. package to accept nultiple conponents. There are still five unused | eads
160, 162,
1712
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164, 166, 168 in the exanpl e package configuration shown in Figure 9A

A circuit, such as an anplifier circuit, is shown nounted into the RF SO20
" package 170 in Figure 10A. In this exanple, the anplifier 172 and a thin-
or thick-filmcircuit 174 on alum na are preferably nounted inside the
package 170. The ceramc circuit 174 may again be used to route bias and
control signals inside the package 170, and to minimze wire |engths.
Figures 11A and 11B show an alternati vzelleznbodi ment of package 180
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construction. The leadfrane 182 at one or both ends of the package 180 can

. be extended inward as shown to be close to the device 192. The | eadfrane
conductors 184, 186, 188, 190 can then be bonded directly to the device,

wi t hout the need for an additional ceramc circuit 158, 174 as shown in

Fi gures 9A and 10A. Measured RF performance of the two-piece SO 20 RF

package has shown that the package operates very well across the DCto 6

GHz frequency range. A brief perfornaqﬁﬁzsunnary is provided in Table 2
bel ow .
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Tabl e 2 Measured RF Performance of the Two- Piece SO 20 RF Package FREQUENCY
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14 - Thi s package achi eved near-60 dB WORST CASE short circuit
.dsolation at 1 GHz (the isolation between RF ports when the package
internal ports are short- circuited to ground). Therefore, devices such as
high gain transmtter anplifiers, with gain |levels to 40 dB or nore, could
be pl aced inside the package without fear of creating oscillation or

f eedback problens. The | ow package VSWR and insertion | oss
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al so mean than MM C perfornmance will be changed little bythe package.

The two-pi ece SO xx RF package may provide isolation |evel between RF ports
“some 40 dB, i.e., 10,000 tinmes, higher than that which could be achieved
usi ng standard SO xx packages at 1 GHz. An additiona

advant age associated with the RF SO20 package is that it should be possible
to encapsul ate the netal base and | eadfrane using standard SOQ20 nol ds. This
will reduce tooling cost significantly. A nethod of acconplishing this, as
an exanple, is to indent the bottom7gfi2t he package netal base, in this

exanple, by 0.125 nm (5 mls) in a small rectangular region at the center
of the base, in order to
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-avoid contact with raised letters which may be present in the nold. In this
way the package bases can be placed in an array in the nolds and not

"contact these letters. The indented region during package assenbly onto
circuit boards will not be critical to package performance, and will be
partially filled by epoxy or sol der. The netal package base and
pair-of-1leads, pair-of-ground | eads |eadfrane | ayout can be applied to SC8B,
14, 16, 20, 28, etc. pin packages, to create a famly of high perfornance,
hi gh isolation packages. In addition, gpgpfornmance of TSOP and ot her package
types could benefit fromthese concepts. The package base coul d be
made sonmewhat snaller at the | engthw se ends of
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the'pack%ge I f desired; non-RF | eads do not require a package base ground
pl ane.
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bondi ng process.

For

Therefore if

Figure 11A, ceramc or plastic spacers nay not be required.

simlar

SO RF packages and encapsul ated with optically clear plastic,

encapsul ated in standard bl ack opaque pl astic.

pl astic open up

10/12

FIGURE 10a

non- RF | eads spacers are not necessarily needed during a
| eads are extended inside the package,

as in
Very

RF performance results have been neasured for circuits nounted in

and for those
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potential applications for packaging |light sensitive ICs. Input signals to
the plastic packaged I C or nodul ation of an anplified signal could be
provi ded/ controlled by light. Red and bl ack-1R transparent dyed pl astics,
for exanple, are also available which transmit only red or IR wavel engt hs.
A prefer enbodi nent has been described in detail hereinabove. It is to be
understood that the scope of the invention also conprehends enbodi nents
different fromthose described, yet within the scope of the clains. For
exanple, while the present invention hﬁ% Been described in relation to an
RF HBT amplifier, any devices which moul& benefit fromthe advantages of

t he package of the present-invention.
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Simlarly, the exact placenent of devices inside the package, and the
nunber and | ayout of pins may vary as needed. The concepts of the present

i nvention may al so be incorporated into other types of packages besides the
SO. Experinental data has been provided at certain frequencies, however,

t he package of the present invention has the potential to work well in
several frequency bands. For exanple, X-band frequency applications are
al so possi bl e. The packages and concepts of the present invention will be

applicable to a wide range of present and future silicon and GaAs anal og
and digital integrated circuits. As anlgyggple, t he present invention would
be applicable in cellular tel ephone technology. Wrds of inclusion are to
be interpreted as nonexhaustive in
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considering t he scope of the invention. Wii l e this inventi®mpeaRdre

been described with reference to illustrative enmbodi ments, this description
is not,intended to be construed in a liniting sense. Various nodifi cat ions
antl combi nations of the illustrative enbodi ment s, as;wel T -ot-her. -

enbodi ments of the invention, which is;defined by tyhe appe‘n'ded’cl a.| ms WI I |1s
be apparent to persons sKki led in the art upon referfence to the . dq‘scr"
DEVICE PACKAGE N S

FIELD OF THE INVENTION

'This invention generally relates to device packaging.

BACKGROUND OF THE INVENTION
Without limiting the scope of the invention, its background is described in

connection with RF device packaging, as an example.

Heretofore, in this field, packages operating at frequencies of 1 GHz or higher
~ were normally of metal-ceramic construction, or metal bases with plastic cavity lids and
metal leads sticking through the plastic sides.

Standard SO8, SO14, and SO20 plastic encapsulated packages have been used
for RF applications at frequencies up to 1 GHz. However, these leadframes have high
lead inductances which must be accounted for in the design of the IGCs inserted into the
leadframes. Isolation between leads is also low, typically 20 dB or less at 1 GHz. 'This
limits the amount of amplifier gain which can be inserted in the packages at microwave
frequencies, and creates the potential for coupling problems between RF ports and RF
and DC ports.

US-A-5 028 741 discloses a high frequency semiconductor device combining a
semiconductor die with a leadframe having a coplanar upper surface with thin external

S~ leads and a thicker central die bond region the upper face and sides of which are
covered by an encapsulation but the lower face of which is exposed. The leadframe
may have an “H” pattern with the arms extending laterally from opposed sides of the
encapsulation and down-formed to have their lower surfaces coplanar with the exposed
lower face of the central die bond region which forms the cross-bar of the “H.
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EP-A-0 331 289 discloses a semiconductor device with impedanc%:i
means. It is proposed to achieve impedance matching with the in-package transmission
line in order to prevent mismatching of impedance. In a semiconductor device, a signal
wire extends in a direction perpendicular to the main surface of a semiconductor chip.
A plunality of constant voltage wires are provided around the signal wire to give the
effect of a coaxial cable. By adjusting the relationship between the signal wire and the
constant voltage wires, the impedance may be adjusted. The central region of a metal
cap encapsulating the package is formed thicker than the peripheral part thereof. A
low-pass filter may also be connected to the transmission line and a bonding wire is
also added to this filter. “

EP-A-0 272 187 discloses a plastic semiconductor package suitable for high
frequency operation that includes an internal ground plane connected to a ground ring
formed on the packaged semiconductor device. The ground plane is included as a
portion of a lead frame strip adjacent to the individual lead frames. The ground plane
is first folded underneath the paddle support of the lead frame, and the semiconductor
die substantially mounted on the paddle. The ground plane includes a plurality of
bumps which project upward between adjacent lead fingers of the lead frame when the
ground frame is folded. A ground frame on the semiconductor die is connected to the
bumps, and the signal bonding pads connected to the lead fingers.

It is herein recognized that a need exists for a lower cost, more efficient device
package that may be used in higher frequency applications. The present invention is
directed towards meeting those needs.

The present invention provides a packaged device for operation at frequencies
of 1GHz or higher, the device comprising :

a semiconductor device;

a leadframe comprising leads effecting circuit connections to said
semiconductor device; and

one or more RF ports comprising leads of the leadframe and having a low pass
filter characteristic and a predetermined characteristic impedance;

plastic encapsulation of the semiconductor device;

a metal ground piece separate from but connected to said leadframe on a
frontside of said metal ground piece, the metal ground piece having a backside exposed

through said plastic encapsulation;



CLAI M5 1. A packaged device for operation at frequencies of 1
GHz or higher, the device conprising: a sem conductor devi ce;
a leadfrane (79) conprising | eads (80, 82, 84, 86, 88, 907, 92, 94, 96, 98,
100, 102, 104, 106) effecting circuit connections to said sem conductor
devi ce; and one or nore RF porgs (80/82, 84/86, 88/90) conprising
| eads of the |eadfrane

said one or more RF ports each being defined by a respective coupled lead pair

from the leads of the lead frame, each lead of said lead pair being connected to the
same RF port of said semiconductor device; and

one or more ground lead pairs connected to said frontside of said metal ground
piece each being defined by a coupled lead pair from the leads of the lead frame.

Generally, and in one form of the invention a device package is- presented
comprising: a leadframe comprising a plurality of leads for effecting circuit connections
to said device; and a metal ground piece connected to said leadframe. As examples, the
ground piece may be a ground slug connected to a bottom side of the leadframe, or a
metal ground plane which serves as  base for the package connected to a bottom side
of the leadframe.

In another form of the present invention one or more of the leads is
substantially wider than the remainder of the leads. Preferably, in operation, some of
the wider leads are connected to ground and some carry RF signals.

The package of the present invention may be used with many types of devices.
It may be structured and fabricated in many different ways to achieve the advantages of
the present invention. Several of these alternatives are described below.

In another form of the invention a packaged device is presented comprising: a
leadframe comprising a plurality of leads for effecting circuit connections to the device;
and a metal ground piece connected to the leadframe. As an example, the packaged
device may be an amplifier comprising GaAs heterojunction bipolar transistors. The
packaged device of the present invention may be a portion of a communication system
e or a cordless phone. .

Ways of carrying out the invention will now be described, by way of example
only, with reference to the accompanying drawings in which Figures 1A, 1B, 2, 3A, 3B,
4A, 4B, 5, 6A, 6B, 7A and 7B provide supplementary information and the remaining
figures show embodiments of the invention.

REPLACEMENT SHERT

In the drawings:

v

Figures 1A and 1B are views of a first illustrative device package; 2 4 ROV 1599

Figure 2 is a plan view of a first illustrative leadframe;

Figures 3A and 3B are views of a first illustrative device package; L

Figures 4A and 4B are views of a second illustrative device package and

leadframe;



and having a |low pass filter characteristic and a predetermj

characteristic inpedance; pl astic encapsul ation of ijhe
semni conduct or devi ce; a nmetal ground piece (52) sep
connected to said | eadfrane (79) on a frontside of said net
(52), the nmetal ground piece (52) having a backsi de exposed

r gt en o but,
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t heough. said

pl asti c encapsul ati on; said one or nore RF ports (
88/ 90) each bei Rguséfis ngeployf perdoanpee rdsules af allystratve ldevick pakages;86#
88/90) fromthe_l eads, (80, , 84, 86,.88,.90, 92. 94 .96, 98, 10
104, 106) of t NEBRERPA Ahebly 5 viegacH F i iy Py package

leadframe;

Figures 7A and 7B are views of a fourth illustrative device package and
leadframe;

Figures 8A and 8B are views of a first preferred embodiment device package
and leadframe according to the present invetion;

Figures 9A and 9B are views of a second preferred embodiment device package
and leadframe according to the present invention;

Figures 10A and 10B are views of a third preferred embodiment device package
and leadframe according to the present invention; and

Figures 11A and 11B are views of an fourth preferred embodiment device
package and leadframe according to the present invention.

Figure 12 shows exemplary internal connections of a device to a lead frame.

Corresponding numerals and symbols in the different figures refer to
corresponding parts unless otherwise indicated.

So packages embodying the concepts of the present invention have been
experimentally designed, built, and tested which operate at frequencies up to 6 GHz.
Unlike conventional standard SO packages, the packages of the present invention offer
low insettion loss, low VSWR, and high isolation between RF leads and RF-DC leads at
microwave frequencies. The packages offer low ground inductance leads, low ground
inductance return paths, and low thermal impedance.

e The single-piece SO style leadframe, of one embodiment advance the state-of-

102,

the-art by implementing filter and microsttip concepts for selection of the RF lead

dimensions to minimize RF port SWR and insertion loss, and increase isolation
between RF leads by changing the configuration of ground leads to wide ground bars.
In addition, a ground slug may be added to the single-piece SO style package example
presented below to increase isolation between RF port leads by 10 to 15 dB over that
achievable by any SO single-piece leadframe without a ground slug. 'The two-piece
package example described below has a standard S020 external outline, and can be
encapsulated in standard S020 molds. The two-piece package example offers up to 6
RF ports, for multiple RF port circuits like switches or mixers, and multiple MMIGCs
could be mounted in the package.

0/ 82, 84/86,

e >



pair being connected to the sane RF port of said sem cot
one or nore ground | ead pairs (92/94, 96/98, 100/102, 1
said frontside of said nmetal ground piece each being de
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This was achieved by adjusting the leadframe and ground plane or package base

layouts to control RF lead(s) characteristic impedance close to 50 ohms, optimizing a
low filter characteristic of the leads to improve package RF performance; and by
creating low inductance metal base and low inductance lead grounds. Placement of
these grounds also increases isolation between RF port leads, and between DC and RF
port leads.

'The two-piece SO package described below implements a standard SO outer
leadframe, but pairs of leads are used to form RF ports and ground lead ports. This
helps change the overall RF port characteristic impedance closer to 50 ohms, and with

| the addition of shunt capacitance at the ends of the RF port leads (through both lead

S~ width increase inside the package and shunt capacitance at attachment points on the
MMIC and the outer circuit board), a low-pass filter is achieved which provides
excellent package RF performance to 6 GHz. The second piece of the two-piece SO
package is the metal base which setves both as a low inductance electrical ground
return path, and offers low thermal impedance from the MMIC mounted on the
package base to the floor of the package. The bottom of the SO package metal base is
fully exposed for direct electrical mounting of the base with conductive epoxy or solder
to a circuit board. Like the ground slug, this direct metal base feature increases SO
package isolation between RF leads by more than 10 dB. The two-piece SO20 package
example described below has shown isolation of 45 dB or higher at frequencies to
approximately 6 GHz, increasing to greater than 50 dB at approximately 3 GHz and

~r below, between RF ports.

The single-piece and two-piece SO package concepts of the present invention
may be applied to SO package with any number of leads - 8, 14, 16, 20, 28, 40, etc.



sl ug (40). 3. The packaged device of claim1l, wherein said
ground piece is a netal ground plane (52) which serves as a base for said
sem conduct or devi ce. -

-6-

Standard surface mount SO packages allow IC operation at frequencies to
approximately 1 or 2 GHz, but the ICs must be significantly tuned to operate with the
package, and maximum IC performance is not achieved. Typical SO packages exhibit
high insertion loss at 1 GHz (> 1dB) and high SWR (> 2:1 at 1 GHz). Typical SO
packages also have low isolation between DC/IF/RF pins, typically 20 dB or less at 1
GHz. This creates coupling problems between different signal mputs, and limits the
amount of amplifier gain which can be inserted into the package without creating
oscillation problems (typically to less than 20 dB gain). Typical SO packages also have
a high thermal impedance, making them unusable for MMIGs which dissipate a few
watts of power.

Figure 1A, 1B, 2, 3A and 3B show a package 10 and leadframe 12. Referring to
Figure 2, the leadframe 12 has two RF port leads, labeled RF IN 14 and RF OUT 16,
and two wide ground port leads 18, 20, labeled GND. The remaining four leads 22, 24,
26, 28 may be used, as an example, to provide bias and control signals to a device such
as a transmitter amplifier 30 mounted onto the leadframe 12.

The leadframe 12 in Figure 2 performs well at frequencies up to 6 GHz for
several reasons. The RF IN 14 and RF OUT 16 lead widths are each preferably near 50
mils (1.25 mm), nearly three times as wide as a standard SO lead. ‘This width may be
carefully chosen to provide a near-50 ohm characteristic impedance for the lead,
encapsulated in plastic, placed over a metal ground plane provided by the circuit board
and heatsink shown in Figure 1.

Since this is a single-piece leadframe, the RF conductors characteristics are
determined by their lead widths and thickness, the height of the conductor 14, 16 above
the ground plane, the dielectric constant of the plastic encapsulant, and the metal
ground plane which must be provided by the circuit board 35. Figure 1B provides an
example way of doing this, by cutting a hole 33 in a circuit board 35 and mounting the
package 10 with epoxy 34 to a metal groundplane and heat sink. This could just be a
metal ground plane in a multilayer circuit board. The height of the microstrip RF leads
14, 16 above the ground plane is preferably approximately 1mm (40 mils). Plated via
holes 33 in the circuit board may be used as ground retumn paths from the package wide
ground leads 18, 20 to the metal groundplane and heatsink.

REPLACEMENT SHEET
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An alternate approach is to bend the leads of the SO- 8-lead RF package
downward in a “gull-wing” configuration, so that the package could be surface-
mounted to a circuit board. The circuit board would then preferably have a ground
plane metal region on top of the board, to be placed beneath the package in the region
of the RF conductors. This circuit board top “ground plane” could be connected with
vias to lower layers in the board.

The ground leads 18, 20 shown in Figures 1A-3B preferably have widths of
nearly 3.8 mm (150 mils). These extremely wide leads offer low inductance from the
center of the package out to the circuit board. This low inductance ground return path
is the primary factor which control isolation between RF in/out ports 14,16. The lower
this inductance can be made, the higher the isolation which can be achieved between
package RF ports 14,16.

The wide ground leads 18,20 help act as shields between other ports of the
circuit. For instance, the RF in 14 and out of 16 port leads are separated with a wide
ground lead 20 between them. ‘This lead 20 reduces coupling of signals between the RF
leads 14,16, improving isolation between the RF leads 14,16.

SO package isolation may be further improved by providing a ground slug 40,
shown in Figure 4A, to be connected from the bottom center of the leadframe 12,
directly to a circuit board undemeath the package 10. This significantly reduces the
length and inductance of the package ground return path, increasing isolation between
RF ports 14, 16. _

The ground slug 40 is, for example, a circular or rectangular metal disk which
may be expoxied onto the bottom of the leadframe. After molding the package 10, the
slug 40 is preferably exposed at the bottom of the package 10, allowing direct electrical
and thermal contact to the metal slug 40. The slug 40 is represented as a circle in the
center of the Jeadframe 12 in the top view of the drawing shown in Figure 4A. A side
view of the package in Figure 4B shows the bottom of the slug 40 fully exposed after
molding of the package 10.

Attaching a ground “slug” 40 - preferably a circular or rectangular disk of metal
~ to the package leadframe 12 has been experimentally shown to increase isolation
between RF ports 14, 16 by 10 to 15 dB at 1 GHz, and isolation was also increased at
higher frequencies.
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4. The packaged device of claim1, wherein one (64) or nore of said
| eads i s substantiallyw der than the renmai nder of said |leads (70, 72).
5. The packaged device of claim 1, wherein each RF port has a
characteristic inpedance of approximtely 50[err]. 6. The
packaged device of claiml1l, wherein | eads (184, 186, 188, 190, 194,

-8-

Note that this ground slug approach and concept could be applied to any SO-
xx leadframe to improve RF performance and isolation of any SO-xx package. The
wide leads concept, described above, can be used in concert with the ground slug or
they may be employed individually, as desired.

Measured petformance of SO- 8-lead RF packages, with and without ground
slugs, was measured to 10 GHz, and plotted to 7 GHz, as shown in Figure 5. Figure 5
shows that measured RF port-to-port isolation with RF ports 14, 16 terminated in short
circuits was increased from 30 dB at 1 GHz for the SO package without ground slug, to
40 dB for the SO package with ground slug 40, a 10 dB increase (factor of 10
improvement).

Table 1 below briefly summarizes measured RF performance of the SO-8-lead
single-piece leadframe package (Figures 1-4), with and without ground slugs.




196, 198, 200) at one or both ends of the package are extended i nwardly
beyond the other |eads of the |eadframe to facilitate connection to a

device,(192). 7 The package device of claiml, '@TW
circuit provided on a ceram c substrate to route signals. __5_{}_.};»;:1 TS
The packaged device of claim 1, further conprising nulti ——
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Table 1 S

Measured Performance of Single-Piece SO-8 RF Leadframe

Packages,

with/without Ground Slugs; Frequency = 1 GHz;

Applies to RF IN & RF OUT Ports

(Internal RF ports terminated in short ckts.)

INSERTION VSWR ISOLATION
LOSS BETWEEN
(dB) RF PORTS
(dB)
NO GND SLUG: | 0.08 1.03 - |305
- WITH GND 0.09 1.10 40.5
>~ SLUG: |

For open circuit and 50 ohm load terminations on the package internal
RF ports, isolation between RF ports 14,16 was measured at greater than 40
dB and 50 dB at 1 GHz, for the no ground slug and with ground slug 40
cases, respectively.

The SO-8 RF package with ground slug 40 isolation of 40 dB shown in

Table 1 is some 20 dB, i.e., 100 times, higher than that of a standard SO-xx

leadframe package at 1 GHz. In addition, the VSWR and insertion loss of the

package, with or without ground slugs, is greatly improved over that of a

standard SO-xx leadframe at 1 GHz. A standard SO-xx leadframe package

" could exhibit insertion loss greater than 1.0 dB and VSWR greater than 2:1
at 1 GHz.

The 2-piece SO package approach, preferably has separate leadframe
and separate metal ground plane package base. Although the measured
performance for the single-piece SO-8 RF package is very good and
represents a major improvement over RF performance achievable with



conmponents installed therein. 9. The packaged device of claim
1, wherein said package is encapsulated in optically transparent plastic.

10. The packaged device of claim9, wherein said optically transparent
plastic is transparent only for a predeterm ned wavel en P gh rT ‘*frET
- 10-
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standard SO-xx leadframes, it is desirable for some applications to er ImProve thHe == i
isolation between RF ports at 1 GHz to a level of, for example, 60 dB 1solatioii between- |
RF ports at 1 GHz. 'The two-piece package provides significantly higher isolation
between RF ports.

A two-piece SO-20 package is shown in Figures 6A and 6B. It was called an
SO-20 package because it had nearly the same outer dimensions of a standard SO-20
package, but fewer leads. The package 50 in Figures 6A and 6B has two pieces,
preferably a rectangular metal bar ground plane 52 also referred to as the package base,
and an upper leadframe 54. The circuilar metal ground slug 40 in Figure 4A has
preferably been replaced with a rectangular metal ground bar 52 (package base). This
metal base 52 is much larger and covers much more area than the ground slug 40 in
Figure 4A. The rectangular package base metal ground bar 52 provides an excellent
low inductance ground return path, and serves as the ground plane for the RF
conductors 56, 58 which are above it in Figure 6A and 6B. The RF conductors 56, 58
can be placed closer to the ground plane 52 in Figure 6A and 6B than for the package
in Figures 4A and 4B, which relies on the circuit board below the package to provide
the ground plane. By reducing RF conductor 56, 58 height above the ground plane
from 1 mm (40 mils) in Figure 4B, to approximately 0.25 mm or 0.5 mm (10 mils or 20
mils) (not shown in the side view in Figure 6B), radiative coupling between RF leads,
56, 58 and RF 56,58 and DC 66,68,70,72 leads may be significantly reduced, increasing
isolation between RF leads 56,58. This also reduces the width of the lead required to
achieve 50 ohms characteristic impedance. The metal base 52 of the package in Figure
6B, like the ground slug 40 in Figure 4B, is fully exposed at the bottom of the package
50, allowing for direct electrical and thermal path connections, using conductive epoxy
or solder.

GND (ground) leads 60, 62, 64 of the upper leadframe 54 may be connected to
the package base metal bar 52 using, as an example, something akin to a rivet 74. These
connections 74 reduce ground path inductance further. The GND leads 60, 62 are
placed between the RF in 56 and out ports 58, as they were earlier in Figure 4A, to act
as a shield to reduce coupling between RF leads 56,58 and to improve isolation
between RF leads 56,58.



11. The packaged device of any preceding claim wherein said
sem conduct or devi ce Is an anplifier.

-11 -

Figure 7A shows an alternate two-piece SO-20 package, with RF input 56 and
output 58 ports no longer on one side of the package, but entering the package
diagonally. This could provide some improvement in isolation between RF leads if
desired.

The circuit in Figure 8A is a two-piece SO-20 package according to the
invention using a metal base similar to that in Figures 6A and 7A, but the leadframe 79
this time has 20 external leads with the same external layout as a standard SO-20
leadframe. The metal base 76 in Figure 8A is represented by the solid line inner
rectangular, with four “ears” protruding from the sides where the ground leads are
preferably “posted” or “riveted” to the base.

~ Figure 8A shows the use of a pair of leads to form a RF port 80/82, 84/86,
88/90, and modeling has shown that a near 50 ohm characteristic impedance could be
achieved with this approach for the RF ports made up of pairs of leads 80/82, 84/86,
88/90, if the entire structure was viewed as a low-pass filter, with a series inductance
(the leads), shunted on both sides by capacitance (a shunt Gseries L-shunt C low-pass
filter).

Figure 8A also shows using pairs of leads for the ground leads 92/94, 96/98,
100/102, 104/106, to reduce ground lead inductance. Each pair of ground leads is
connected to the package base 76, for example with rivets 108. This connects the two
piece of the package together. RF port leads 80/82, 84/86, 88/90 and ground leads
92/94, 96/98, 100/102, 104/106, are preferably alternately spaced, making maximum

S use of the shielding effect of the ground leads 92/94, 96/98, 100/102, 104/106, to
increase isolation between RF pairs of leads 80/82, 84/86, 88/90.
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12. The packaged device of claim1l, wherein said

anplifier includes GaAs heterojunction bipolar transistors.

- 12 -

To form an RF port 80/82, 84/86, 88/90 in Figure 8A, two bond wire
110/112, 114/116, 118,120 connections normally should be made from an
MMIC RF port over to each lead of the package RF port pair 80/82, 84/86,
88/90.

Flexibility is offered by the package leadframe 79 arrangement shown
in Figure 8A. Up to 6 two-lead pairs can be accessed as RF ports. Each is
isolated from the next RF port by a ground lead and/or the package metal
base. Assume a single-pole, double-throw (SPDT) switch were to be
assembled inside the package. Three pairs of leads would be used for the RF
ports, and remaining leads would be used to provide control signals to the
switch. The S020 RF two-piece package could also be used with SP3T
switches, which require 4 RF ports, and there would still be four package
“DC" leads left for control signals.

The layout flexibility of the SO-20 RF package makes this package
very attractive for analog and digital multiport circuit applications across, for
example, DC - 6 GHz.

Figure 9A shows an embodiment inserting, for example, an HBT
amplifier 130 in the SO20 RF package 150. Note the RF input port 132/134.
A single wire 136 may be used to connect from, for example, a MMIC RF
input to one of the package RF port's lead pairs 132/134, and the two package
leads may be connected together inside the package with a short bond wire
138. The RF output port 146/148 shows the normal bond arrangement of two
bond wires 140/142, one going to each lead 146/148. .

Figure 9A also shows that in addition to, in this example, an HBT
amplifier 130 MMIC mounted onto the package base 152, other devices such
as a2 MOSCAP 156 and a ceramic thin- or thick-film circuit 158 may also be
mounted to the package base 152. The ceramic circuit 158 with, for example,
conductors on its surface may be used to minimize wire lengths inside the

[REPLACEMENT SHEEL
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13. The packaged device of claim 12, wherein said device is a portion of

a communi cati on system 14. A packaged device as clained in any

precedi.ng claim further including the addition of shunt capacitance at the
ends of the RF port | eads.

- 13 -
package 150. This also provides an example of the flexibility of the package
to accept multiple components. There are still five unused leads 160, 162,
164, 166, 168 in the example package configuration shown in Figure 9A.

A circuit, such as an amplifier circuit, is shown mounted into the RF
S020 package 170 in Figure 10A. In this example, the amplifier 172 and a
thin- or thick-film circuit 174 on alumina are preferably mounted inside the
package 170. The ceramic circuit 174 may again be used to route bias and
control signals inside the package 170, and to minimize wire lengths.

Figures 11A and 11B show an alternative embodiment of package 180

construction. The leadframe 182 at one or both ends of the package 180 can

w«.~  be extended inward as shown to be close to the device 192. The leadframe

conductors 184, 186, 188, 190 can then be bonded directly to the device,

without the need for an additional ceramic circuit 158, 174 as shown in
Figures 9A and 10A.

Measured RF performance of the two-piece SO-20 RF package has
shown that the package operates very well across the DC to 6 GHz frequency
range. A brief performance summary is provided in Table 2 below:

Table 2
Measured RF Performance of the Two-Piece
S0-20 RF Package

| FREQUENCY | INSERTION WIRE SHORT | VSWR
~ | (MHz) LOSS CKT.
(dB) ISOLATION
(dB)
870 <0.10 59 <1.20:1
1800 <0.16 51 <1.20:1
2400 <0.16 49 <1.20:1
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This package achieved near-60 dB WORST CASE short circuit isolation at 1
GHz (the isolation between RF ports when the package mnternal ports are short-
circuited to ground). Therefore, devices such as high gain transmitter amplifiers, with
gain levels to 40 dB or more, could be placed inside the package without fear of
creating oscillation or feedback problems. The low package VSWR and wmsertion loss
also mean than MMIC performance will be changed little by the package.

The two-piece SO-xx RF package may provide isolation level between
RE ports some 40 dB, i.e., 10,000 times, higher than that which could be achieved using
standard SO-xx packages at 1 GHz. .

An additional advantage associated with the RF SO20 package is that it
should be possible to encapsulate the metal base and leadframe using standard SO20
molds. This will reduce tooling cost significantly. A method of accomplishing this, as
an example, is to indent the bottom of the package metal base, in this example, by
0.125 mm (5 mils) in a small rectangular region at the center of the base, in order to
avoid contact with raised letters which may be present in the mold. In this way the
package bases can be placed in an atray in the molds and not contact these letters. The
indented region during package assembly onto circuit boards will not be cntical to
package performance, and will be partially filled by epoxy or solder.

The metal package base and pair-of-leads, pair-of-ground leads leadframe layout
can be applied to SO-8, 14, 16, 20, 28, etc. pin packages, to create a family of high
performance, high isolation packages. In addition, performance of TSOP and other
package types could benefit from these concepts.

The package base could be made somewhat smaller at the lengthwise ends of
the package if desired; non-RF leads do not require a package base ground plane.
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For non-RF leads spacers are not necessarily needed during a bonding process.
Therefore if leads are extended inside the package, as in Figure 11A, ceramic or plastic
spacets may not be required.

Very similar RF performance results have been measured for circuits mounted
in SO-RF packages and encapsulated with optically clear plastic, and for those
encapsulated in standard black opaque plastic. Optically transparent plastic open up
potential applications for packaging light sensitive IGs. Input signals to the plastic
packaged IC or modulation of an amplified signal could be provided/controlled by
light. Red and black-IR transparent dyed plastics, for example, are also available which
transmit only red or IR wavelengths.

A prefer embodiment has been described in detail hereinabove. It is to be
understood that the scope of the invention also comprehends embodiments different
from those described, yet within the scope of the claims. For example, while the
present invention has been described in relation to an RF HBT amplifier, any devices
which would benefit from the advantages of the package of the present invention.
Similarly, the exact placement of devices inside the package, and the number and layout
of pins may vary as needed. The concepts of the present invention may also be
incotporated into other types of packages besides the SO. Experimental data has been
provided at certain freqﬁencies, however, the package of the present invention has the
potential to work well in several frequency bands. For example, X-band frequency
applications are also possible. The packages and concepts of the present invention will
be applicable to a wide range of present and future silicon and GaAs analog and digital
integrated circuits. As an example, the present invention would be applicable in cellular
telephone technology. Words of inclusion are to be interpreted as nonexhaustive in
consideting the scope of the invention.

While this invention has .been described with reference to ilustrative
embodiments, this description is not intended to be construed in a limiting sense.
Various modifications and combinations of the illustrative embodiments, as well as
other embodiments of the invention, which is defined by the appended claims, will be

apparent to persons skilled in the art upon reference to the description
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1. A packageu ucvice ior vperauon au requencies of 1 GHz or higher, the
device comprising :
a semiconductor device;

a leadframe (79) comprising leads (80, 82, 84, 86, 88, 907, 92, 94, 96, 98, 100,
102, 104, 106) effecting circuit connections to said semiconductor device; and

one or more RF ports (80/82, 84/86, 88/90) comprising leads of the leadframe
and having a low pass filter characteristic and a predetermined characteristic impedance;

plastic encapsulation of the semiconductor device;

a metal ground piece (52) separate from but connected to said leadframe (79)
on a frontside of said metal ground piece (52), the metal ground piece (52) having a
backside exposed through said plastic encapsulation;

said one or more RF ports (80/82, 84/86, 88/90) each being defined by a
respective coupled lead pair (80/82, 84/86, 88/90) each being defined by a respective
coupled lead pair (80/82, 84/86, 88/90) from the leads (80, 82, 84, 86, 88, 90, 92, 94,
96, 98, 100, 102, 104, 106) of the lead frame (79), each lead of said lead pair being
connected to the same RE port of said semiconductor device, and

one or more ground lead pairs (92/94, 96/98, 100/102, 104/106) connected to
said frontside of said metal ground piece each being defined by a coupled lead pair
(92/94, 96/98, 100/102, 104, 106) from the leads (80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106) of the lead frame (79).

2. The packaged device of claim 1, wherein said ground piece is a ground
slug (40).

3. The packaged device of claim 1, wherein said ground piece is a metal

ground plane (52) which serves as a base for said semiconductor device.
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4. The packaged device of claim 1, wherein one (64) or more of said leads
is substantially wider than the remainder of said leads (70, 72).

5. The packaged device of claim 1, wherein each RF port has a

characteristic impedance of approximately 50Q.

6. The packaged device of claim 1, wherein leads (184, 186, 188, 190, 194,
196, 198, 200) at one or both ends of the package are extended inwardly beyond the

other leads of the leadframe to facilitate connection to a device (192).

7. The package device of claim 1, including a circuit provided on a ceramic

substrate to route signals.

8. The packaged device of clim 1, further comprsing multiple

components installed therein.

9. The packaged device of claim 1, wherein said package is encapsulated in
optically transparent plastic.

10.  The packaged device of claim 9, wherein said optically transparent

plastic is transparent only for a predetermined wavelength range.

11, The packaged device of any preceding claim, wherein said

semiconductor device is an amplifier.
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12.  'The packaged device of claim 11, wherein said amplifier includes GaAs

heterojunction bipolar transistots.

13.  The packaged device of claim 12, wherein said device is a portion of a

communication system.

14. A packaged device as claimed in any preceding claim, further including
the addition of shunt capacitance at the ends of the RF port leads.
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DEVICE PACKAGE

Abstract

This is a device package comprising : a leadframe 54 comprising a plurality of
leads for effecting circuit connections to a device 30; and a metal ground piece 52

connected to the leadframe 12. Other devices and methods are also disclosed.

Figure 6A
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1. A packaged device for operation at frequencies of 1 GHz or higher, the
device comprising :

a semiconductor device;

a leadframe (79) comprising leads (80, 82, 84, 86, 88, 907, 92, 94, 96, 98, 100,
102, 104, 106) effecting circuit connections to said semiconductor device; and

one or more RF ports (80/82, 84/86, 88/ 90) comprising leads of the leadframe
and having a low pass filter characteristic and a predetermined characteristic impedance;

plastic encapsulation of the semiconductor device;

a metal ground piece (52) separate from but connected to said leadframe (79)
on a frontside of said metal ground piece (52), the metal ground piece (52) having a

backside exposed through said plastic encapsulation;

said one or more RF ports (80/82, 84/86, 88/90) each being defined by a
respective coupled lead pair (80/82, 84/86, 88/90) from the leads (80, 82, 84, 86, 88,
90, 92, 94, 96, 98, 100, 102, 104, 106) of the lead frame (79), each lead of said lead

pair being connected to the same RF port of said semiconductor device, and

one or more ground lead pairs (92/94, 96/98, 100/102, 104/106) connected to
said frontside of said metal ground piece each being defined by a coupled lead pair
(92/94, 96/98, 100/102, 104, 106) from the leads (80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106) of the lead frame (79).

2. The packaged device of claim 1, wherein said ground piece is a ground
slug (40).

3. The packaged device of claim 1, wherein said ground piece is a metal

ground plane (52) which serves as a base for said semiconductor device.
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