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HIGH RELIABILITY POWER MODULE

RELATED APPLICATION

[0001]  This application is based on and claims the benefit of United States
Provisional Application Serial No. 60/794,677, filed April 25, 2006, and U.S.
Patent Application Serial No. (to be assigned), filed April 24, 2007, the contents

of which are incorporated herein by reference.

FIELD OF INVENTION
[0002]  The present invention relates to power modules and more particularly

to high reliability power modules.

BACKGROUND OF THE INVENTION

[0003] A high reliability semiconductor package typically includes a
semiconductor device which is hermetically sealed in a housing portion thereof.
Typical semiconductor devices used in high reliability semiconductor packages
are power MOSFETs, bipolar transistors, Schottky diodes, PN junction diodes,
and IGBTs.

[0004] Hermetic surface mount packages, leadless chip carriers and ceramic
leadless chip carriers (also known as LCC and CLCC respectively) have served as
high reliability platforms for more than 20 years.

[0005]° In the recent years, a vast array of electronic designs have been
integrating new surface mount packages (also referred to as surface mounted
devices or SMDs) which have surface mountable terminals on a common surface
thereof. Such SMDs are desirable due to their smaller size and footprint, lighter
weight, and excellent thermal performance. In addition, many high frequency
circuit designs benefit from the inherently low inductance and low resistance of
such SMDs.

[0006]) U.S. Patent Application 11/044,933, assigned to the assignee of the

present application and incorporated by reference, discloses a hermetically sealed
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package which includes a substrate having an opening therein, a power
semiconductor switch disposed within the opening, four terminals brazed onto
one major surface of the substrate near the mouth of the opening on the first
surface of the substrate, another terminal attached to a second opposing major
surface of the substrate and hermetically closing the mouth of the opening at the
second surface of the substrate, and a cover hermetically closing the mouth of the
opening at the first surface of the substrate. The terminal on the second surface of
the substrate serves as an electrical terminal and a thermal path for the heat that is
generated by the power semiconductor device.

[0007]  The terminals are formed from an alloy of tungsten and copper. The
low electrical resistivity and thermal properties of tungsten copper impart
desirable characteristics to the package. Specifically, the low electrical resistivity
of a tungsten copper alloy allows for higher current handling and thus lower
power dissipation, and its coefficient of thermal expansion improves the
reliability of the package, making it suitable for high reliability applications.
[0008]  U.S. Patent Application No. 11/042,986, assigned to the assignee of the
present application and incorporated by reference, discloses another hermetically
sealed semiconductor package suitable for use in a power module according to

the present application.

SUMMARY OF THE INVENTION

[0009] A power module according the present invention includes a base plate-

and a plurality hermetically sealed packages arranged to form the power stage of a
power circuit. In the preferred embodiment, for example, a plurality of
hermetically sealed power packages such as the ones described above are
arranged to form a half-bridge.

[0010] A power module according to the present invention includes the

following advantages:
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[0011} <+ The module design is much more flexible by using the hermetically
sealed packages as building blocks.

[0012} +« Costcan be reduced when modules with different configurations
are designed with the same building blocks and power terminals.

[0013]) - High power can be easily achieved by paralleling building blocks;
whereas, for a single cavity hermetic module, power level is
severely limited due to the extreme difficulties in making hermetic
and reliable high current feed throughs. Because of this, hermetic
power modules with current rating above 450Amp can rarely be
found.

[0014] » For high reliability applications, building blocks can be pre-
screened prior to module construction, which is a critical step for
high yield at module level.

[0015] + A module with a lower profile (height) than the industry standard
can be devised, whereby more power density can be achieved.

[0016] Other features and advantages of the present invention will become

apparent from the following description which refers to the accompanying

drawings.

SUMMARY OF THE FIGURES

[0017] Figure 1 shows a‘perspective top view of a package used in a power
module according to the present invention.

[0018]  Figure 2 shows a perspective bottom view of the package of Figure 1.
[0019]  Figure 3 is a top plan view of the package of Figure 1.

[0020] Figure 4 is a bottom plan view of the package of Figure 1.

[0021] Figure 5 shows a top plan view of the package of Figure 1 with its lid

removed to illustrate the interior arrangement thereof.
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[0022]  Figure 6 is a cross-section of the package of Figure 1 along line 6-6
and viewed in the direction of the arrows.

[0023] Figure 7 shows a base plate used in a power module according to the
present invention.

[0024]  Figure 8 shows the base plate after receiving hermetically sealed
packages according to the present invention.

[0025]  Figure 9 shows the arrangement of Figure 8 after receiving stress
relieved copper buses according to the present invention.

[0026]  Figure 10 shows the arrangement of Figure 9 after the packages have
been hermetically sealed.

[0027] Figure 11 shows a power module accordirig to the present invention
after receiving a plastic enclosure.

[0028]  Figure 12 shows a finished power module according to the present

invention.

DETAILED DESQRIPTiON OF THE FIGURES

[0029] Referring to Figures 1-4, a semiconductor package 5 used in a power
module according to the present invention includes a substrate 10 having a first
terminal 12 on a first major surface thereof, and another second electrical
terminal 14 on another opposing major surface thereof. As seen in Figures 1 and
3, the package may include three other first electrical terminals 12 on the first
major surface of substrate 10. As aresult, the package is a five terminal package.
It should be noted that a package used in a module according to the present
invention is not required to have five terminals, and that fewer or more terminals
may be included without deviating from the scope and the spirit of the present
invention.

[0030] Referring now to Figure 5, a package used in a module according to the

present invention includes a semiconductor power switch 16, and power diodes
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18. Power switch 16 and diodes 18 are electrically and mechanically attached to
second terminal 14 which is accessible through an opening 20 in substrate 10.
[0031] In the preferred embodiment of the present invention, power switch 16
in each package used in a module according to the present invention may be an
IGBT. However, a power MOSFET or any other power semiconductor device
may be used without deviating from the scope and spirit of the present invention.
In addition, in the preferred embodiment, diodes 18 are Schottky diodes. At least
one of the Schottky diodes can be parallel connected with the IGBT and serve as
a free-wheeling diode, thus rendering the package suitable for power applications.
[0032] Referring now to Figure 6, power switch 16 includes a first power
electrode 22 which is electrically and mechanically connected to second terminal
14 by a layer of conductive adhesive material 21 such as solder. Power switch 16
further includes a second power electrode 24 which is poéitioned opposite to first
power electrode 22, and control electrode 26, which is also positioned opposite
first power electrode 22.

[0033] In the preferred embodiment, in which an IGBT is used, first power
electrode 22 is the collector contact, second power electrode 24 is the emitter
contact, and control electrode 26 is the gate contact. Preferably, second power
electrode 24 and control electrode 26 can be connected electrically to respective
first terminals 12 on the first major surface of substrate 10 by wire bonds 28 or
the like. The package is not restricted to the use of wire bonds. However,
conductive clips, straps or the like may also be used without deviating form the
scope and spirit of the present invention.

[0034]  Although not shown specifically, diodes 18 are connected to respective
electrical terminals in a similar manner. Specifically, the cathode of each diode
18 may be electrically and mechanically connected by a conductive adhesive such
as solder ?o second terminal 14, while its anode electrode may be electrically

connected to a respective first terminal 12 by wire bonds 28 or the like.
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[0035] The package may further include cover 30 which encloses power
semiconductor switching device 16 and power diodes 18 within opening 20 in
substrate 10.

[0036] Opening 20 in substrate 10 is preferably hermetically sealed.
Specifically, second terminal 14 is selected to have a larger area than the mouth
of opening 20 at the second major surface of substrate 10 such that when placed
thereon its periphery will be disposed on a portion of the second major surface of
substrate 10 whereby the mouth of opening 20 at the second major surface of
substrate 10 is closed. To render the mouth of opening 20 at the second major
'surface of substrate 10 hermetically sealed, second terminal 14 may be
hermetically attached to the second major surface of substrate 10 at the periphery
thereof by any known method such as brazing or the like.

[0037]  Furthermore, cover 30 is hermetically attached to the first major
surface of substrate 10 to hermetically seal the devices contained within opening
20. Specifically, cover 30 includes enclosure 32 which is disposed around the
mouth of opening 20 at the first major surface of substrate 10 and hermetically
connected to the same. As seen in Figures 5 and 6, the dimensions of enclosure
32 are selected such that a portion of each first terminal 12 is disposed within
enclosure 32 to receive wire bonds 28, and a portion of each terminal is outside of
enclosure 32 and is available for external connection.

[0038] Cover 30 further includes lid 34, which is hermetically attached to
enclosure 32 by hermetic seal 36. As a result, cover 30 hermetically closes the
mouth of opening 20 at the first major surface of substrate 10, and thus power
semiconductor switching device 16, and power diodes 18 are contained within a
hermetically sealed compartment created by opening 20, second terminal 14 and
cover 30.

[0039]  First terminals 12, and second terminal 14 are preferably composed of

an alloy of tungsten copper. For example, a tungsten copper alloy in which about
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80% of the total weight is tungsten and about 20% of the total weight is copper
can be used to form terminals 12, 14. Alternatively, a tungsten copper alloy in
which about 85% of the total weight is tungsten and about 15% of the total
weight is copper is used to form terminals 12, 14. The term about as used herein
is meant to indicate that the amount of copper may vary from 0% to 25% without
compromising the beneficial characteristics of the alloy.
[0040]  Preferably, enclosure 32 is composed of a ceramic such as alumina,
substrate 10 is composed of a ceramic such as alumina, lid 34 is composed of
Kovar or Alloy 42, and hermetic seal 36 is composed of a conventional gold-tin
alloy in which preferably about 80%Iof the total weight is gold and about 20% of
the total weight is tin.
[0041]  Also, preferably, conductive adhesive 21 is composed of a lead-based
solder.
[0042] To manufacture a package for use in a power module according to the
present invention, preferably, substrate 10 is slip cast, and dried. Thereafter,
opening 20 is formed in substrate 10 by punching or the like. Next, Mo-Mn or W
is metallized onto areas of substrate 10 that are to receive terminals 12, 14, and
substrate 10 and the metallizations are co-fired. The, terminals 12, 14 are
attached to substrate 10 by brazing or the like, and, thereafter, preferably plated
with nickel or gold. Power switch 16 and diodes 18 are then soldered in place,
and cover 30 is installed.

| [0043] Table 1 sets forth a comparison of a package 5 used in a power module

according to the present invention to prior art surface mounted devices.
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TABLE I
Package Outline Cavity/Outline ;

Package Type (in) Cavity Size (in) Area Ratio Overall Height (in)
SMDO.5 0.400"x0.300" | 0.203"x0.168" 0.284 0.123"
SMD1 0.625"x0.450" | 0.338"x0.338" 0.406 0.141"
SMD2 0.690"x0.525" | 0.403"x0.403" 0.448 0.141"
SMD3 0.775"x0.500" | 0.395"x0.293" 0:298 0.141"
Embodiment of
Invention 1.180"x1.030" 0.910"x0.620" 0.464 0.150"

[0044] When a size 8.8 IGBT such as IRG4CC88KB (available from

International Rectifier) is used in a package according to the present invention,

the following may be observed (assume pb-based solder for conductive adhesive
which is 0.003" thick):

[0045)
[0046]
[0047]
[0048]

attach, 0% void).

[0049]

The IGBT is dissipating 500W.
The Base temperature is at 70°C.

Junction temperature rise is 21°C.

Junction to base thermal resistance is about 0.042°C/W (ideal die

When power Schottky diodes (0.170" x 0.170" x 0.015") such as

HFS50D0O60ACE (available from International Rectifier) are used, the following

may be observed (assume pb-based solder for the conductive adhesive which is

0.003" thick):
Each diode dissipates 250W.
Base temperature is at 70°C.

[0050]
[0051]
[0052]
[0053]
0% void).

Junction temperature rise is 46.5°C.

Junction to base thermal resistance is about 0.19°C/W (ideal die attach,
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[0054] In the package described above, when 200 Amps (DC) is passing
through a single first terminal 12, the terminal only dissipates about 3.5W dus to
ohmic heating when the package base is at 25°C. Also, the peak temperature rise
is about 6°C.

[0055]  Also, the thermal spreading is efficient due to having terminals which
are bonded to the substrate.

[0056] At high frequency switching the skin effect must be considered. The

skin effect can be taken into account with the following formula:

X=2ma(2*f*p/p)

[0057)  x: skin effect ratio

[0058] a: radius of conductor in centimeters

[0059] f: frequency in cycles per second

[0060] i: magnetic permeability of conductor

[0061]  p: resistivity in nano-ohms centimeter

[0062] In the package described above, at switching frequency of 20kHz, the
skin effect ratio has been calculated to be about 4.9 for a terminal composed of an
alloy containing tungsten (about 80% of total weight) and copper (about 20% of
the total weight). Thus, it has been observed that the effective resistance of the
terminal is doubled at 20kHz as compared to its resistance at DC. This is much
better than standard copper-cored alloy 52 leads used in prior art hermetic
packages. Thus, at 200 Amps the temperature rise of a terminal may be as much
as 11.7°C.

[0063] A power module according to the present invention includes a plurality
of hermetically sealed semiconductor packages arranged to form a power

semiconductor circuit.
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[0064]  According to the preferred embodiment of the present invention, a
plurality of hermetically sealed semiconductor package; are arranged on a
common support baseplate to form a half-bridge circuit. Thus, for example, as
described below, six semiconductor packages 5 as described above are arranged
on a common baseplate to obtain a high reliability power module.

[0065] Figure 7 illustrates a common baseplate 40 for use in a power module
according to the present invention. Common baseplate 40 includes a first
conductive pad 42, a second conductive pad 44 (spaced and separated from pad
42) and third conductive pads 43 (each spaced and separated from pad 42 but
disposed at an edge thereof) all disposed on a surface of an insulation support
body. Thus, for example, pads 42, 44, 43 may be copper bodies or the like. Note,
that to make the most efficient use of the area pads 42, 44 are generally L-shaped.
[0066] Baseplate 40 is of a material which has good thermal conductivity, a
thermal coefficient of expansion which is compatible with packages to be
disposed thereon, and also compatible with a cover to be sealed to the baseplate.
The baseplate may be made of a laminate or composite of metallic materials in a
combination to achieve the requisite thermal conductivity and thermal coefficient
of expansion. The metallic materials typically include copper, copper tungsten,
copper molybdenum, copper alloys or aluminum silicone carbide. Note that
baseplate 40 includes a plurality of through holes 41 which can be used for
mounting of the power module on, for example, a heatsink.

[0067] Referring next to Figure 8, six packages 5 as described, each including
an IGBT as the switch contained therein, are arranged on common baseplate 40.
Specifically, bottom terminal 14 of three packages are electrically and
mechanically connected using solder, brazing, or the like conductive adhesive to
pad 42, and bottom terminal 14 of the other three packages are electrically and
mechanically connected to pad 44 using solder, brazing, or the like conductive

adhesive.
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[0068] Referring next to Figure 9, a number of stress-relieved three
dimensional copper buses are used for internal connection and external
connection to obtain a half-bridge arrangement that includes three parallel
connected half-bridge circuits. Specifically, copper bus 46 connects pad 42,
which is connected electrically to bottom terminals 14 of three packages 5 (and
thus to the collector electrodes of the IGBTSs contained therein), to terminal(s) 12
of packages 5 on pad 44 so that the emitter electrodes of the IGBTs in packages 5
on pad 44 are electrically connected to the collector electrodes of the IGBTs in
packages 5 disposed on pad 42. Copper bus 46 includes lead 48, which may
serve as the lead to the switched node of the half-bridges.

[0069] Preferably, two copper leads 50 are electrically and mechanically
connected to pad 44 and serve as the leads to the collector electrodes of the
IGBTs in packages 5 disposed on pad 44. An internal copper bus 52 electrically
connects terminals 12 of the packages 5 on pad 42 that are connected to the
emitter electrodes of the IGBTSs contained therein. Copper bus 52 is then
connected to conductive pads 43. A copper lead 56 is electrically and
mechanically connected to each conductive pad 43 and serves as a lead to emitter
electrodes of the IGBTSs contained in the packages 5 disposed on pad 42.

[0070] Referring next to Figure 10, each package in a bower module
according to the present invention may be finished when each package is
hermetically sealed (in the manner described above), either before or after the
installation thereof on common baseplate 40. Thus, a power module as illustrated
by Figure 10 can be used in a fluid cooled environment.

[0071] Referring now to Figure 11, a plastic cover 58 may be installed over
the module shown by Figure 10 and preferably sealed to baseplate 40 to facilitate
power terminal connection and vibration ruggedness. Thus, as illustrated leads

48, 50, 56 extend from the top surface of plastic cover 58.
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[0072] Note that although not specifically discussed herein, it is to be
understood that the gate electrodes of the IGBTs of the packages must be
connected to external drive circuitry. Thus, as illustrated by Figure 12, leads 60
are provided, each for electrical connection to a respective terminal 12 of a
package that is connected to a respective gate electrode of an IGBT. Note that
leads 48, 50, 56 can be bent dO\;;rn over the exterior surface of plastic housing 58
to further reduce the proﬁie of the package.

[0073] A power module accordirfg to the preferred embodiment as described
above can include packages for forming a 600V, 800 Amp half-bridge IGBT
module with six total hermetically sealed power semiconductor packages each
serving as a building block, in which three packages are parallel connected to
serve as the high side of the bridge and the other three are parallel connected to
serve as the low side of the half bridge as can be discerned from the figures and
the description set forth above. The footprint of the package can be about 3.6" x
4.5", and the height of the package can be as low as 0.8".

[0074] Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses
will become apparent to those skilled in the art. It is preferred, therefore, that the
present invention be limited not by the specific disclosure herein, but only by the

appended claims.
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WHATIS CTLAIMED IS:

1. A power semiconductor module comprising:

a base plate;

a plurality of hermetically sealed power semiconductor packages
arranged on said base plate; and

a plurality of stress relieved buses interconnecting said packages

electrically to form a power stage of a power circuit.

2. The power semiconductor module of claim 1, wherein said power

stage is a half-bridge.

3. The power semiconductor module of claim 1, wherein each power

semiconductor package includes an IGBT.

4. The power semiconductor module of claim 1, wherein each power
semiconductor package includes a substrate, said substrate including a first major
surface, and a second major surface opposite said first major surface; a first
electrical terminal on said first major surface of said substrate; a second electrical
terminal on said second major surface of said substrate; a semiconductor die
having a first electrode electrically connected to said first electrical terminal and a
second electrode electrically connected to said second electrical terminal; and a

hermetically sealed cover disposed around said semiconductor die.

5. The power semiconductor module of claim 4, wherein said substrate

is comprised of a ceramic material.

6. The power semiconductor module of claim 5, wherein said substrate

is comprised of alumina.
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7. The power semiconductor module of claim 4, wherein said

terminals are comprised of a copper tungsten alloy.

8. The power semiconductor module of claim 4, wherein said alloy

substantially consists of 80% tungsten and 20% copper by weight.

9. The power semiconductor module of claim 4, wherein said alloy

substantially consists of 85% tungsten by weight and 15% copper by weight.

10. The power semiconductor module of claim 4, wherein said
hermetically sealed cover includes a ceramic enclosure disposed around said
semiconductor die and hermetically attached to said substrate, and a lid

hermetically attached to said ceramic enclosure.

11. The power semiconductor module of claim 10, further comprising

a hermetic seal disposed between said lid and said ceramic enclosure.

12. The power semiconductor module of claim 11, wherein said

hermetic seal is comprised of 80% gold and 20% tin by weight.

13. The power semiconductor module of claim 12, wherein said lid is

comprised of either Kovar or Alloy 42.

14. The power semiconductor module of claim 4, wherein said first
terminal of each package is electrically and mechanically coupled to a conductive

pad on said base plate by a conductive adhesive.
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