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SEMICONDUCTOR PACKAGE

RELATED APPLICATION

[0001]  This application is based on and claims benefit of United States
Provisional Application No. 60/674,162, filed on April 21, 2005, entitled
Semiconductor Package, to which a claim of priority is hereby made and the

disclosure of which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to semiconductor packages.

[0003] In the recent years, chip-scale packages have become very important. The
present invention relates to power semiconductor packages and methods of
manufacturing power semiconductor packages.

[0004]  Referring to Figs. 1-4, a package 10 according to the prior art includes a
conductive can 12, and-a power semiconductor die 14. Can 12 is typically formed
with an electrically conductive material such as copper or a copper-based alloy, and
may be coated with silver, gold or the like. Die 14 may be a vertical conduction type
power semiconductor MOSFET having its drain electrode 16 electrically and
mechanically attached to an interior surface of can 12 by a conductive adhesive 18
such as solder or a conductive epoxy (e.g. silver epoxy). Source electrode 20, and
gate electrode 22 of die 14 (which are disposed on a surface opposite to the drain
electrode) each includes a solderable body which facilitates its direct connection to a
respective conductive pad 24, 26 of a circuit board 28 by a conductive adhesive (e.g.
solder or conductive epoxy) as illustrated by Fig. 4. Note that die 14 further includes
passivation body 30 which partially covers source electrode 20 and gate electrode 22,

but includes openings'to allow access at least to the solderable portions thereof for
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electrical connection. Further note that in package 10 conductive can 12 includes
web portion 13 (to which die 14 is electrically and mechanically connected), wall 15
surrounding web portion 13, and two oppositely disposed rails 32 extending from
wall 15 each configured for connection to a respective conductive pad 34 on circuit
board 28. Also, note that die 14 is spaced from wall 13 of can 12; i.e. wall 13
surrounds die 14. Thus, a moat 36 is present between die 14 and wall 13.

[0005] In apackage according to the prior art, source electrode 20, and gate
electrode 22 are soldered down by the user. Specifically, the user applies solder to,
for example, the pads of a circuit board, and the electrodes of the die are attached to
the pads by the solder so placed.

[0006] A package as described above is disclosed in U.S. 6,624,522.

DESCRIPTION QF PROCESS FOR FABRICATING DEVICE

[0007] Insome applications it is desirable to co-package two or more die in the

same package. For example, it is desirable to co-package a power semiconductor die
such as a power MOSFET with an IC die or the like for driving the die.

[0008] A semiconductor package according to the present invention includes a
can-shaped conductive clip having an interior surface, a dielectric body disposed
over at least a portion of the interior surface of the conductive clip, at least one I/O
terminal, a conductive pad, a track connecting the pad to the I/O terminal, an IC
having at least one pad electrically connected to the die pad, and a power
semiconductor device having at least one power electrode electrically and
mechanically connected to another portion of the interior surface of the conductive

clip.
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[0009] Inapackage according to the preferred embodiment of the present
invention the clip is configured to receive a power MOSFET with an IC die for
driving the power die.

[0010]  Other features and advantages of the present invention will become
apparent from the following description of the invention which refers to the

accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Fig. lisa pefspective view of a package according to prior art.

[0012] Fig. 2is another perspective view of the package of Fig, 1.

[0013]  Fig. 3 is a cross-sectional view of the package of Fig. 1 along line 3-3 in
Fig. 2.

[0014]  Fig. 4 shows the package of Fig. 1 as assembled on a circuit board.

[0015]  Fig. 5 shows _é perspective bottom view of a package according to the
present invention. |

[0016]  Figs. 6-8 illustrate selected steps in the fabrication of a package according

to the present invention.

DETAILED DESCRIPTION OF EMBODIMENT
[0017] Referring next to Fig. 5, a package 38 according to the preferred

embodiment of the present invention includes conductive can 40, which includes a
web portion 42, a wall 44 surrounding web portion 42, a first rail 46 disposed at one
side of wall 44, and second rail 48 disposed at a second side of wall 44 opposite the
first side. Note that according to one aspect of the present invention second rail 48 is
spaced laterally further'away than first wall 46 by a lateral lip portion 50.

Conductive can 48 is preferably made from copper or a copper alloy, and may be

coated with silver, gold or the like. Package 38 further includes a power
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semiconductor device 52. Power semiconductor device is preferably a power
MOSFET that includes identical or similar features as die 14 in a semiconductor
package; however, device 52 may also be an IGBT or the like. Specifically, device
52 includes source electrode 20, a gate electrode 22 on one surface thereof, and drain
electrode (not shown) on an opposite surface thereof electrically and mechanically
connected to web portion 42 by a conductive adhesive 54, Note that similar to die
14, a passivation body 56 is disposed on a surface of device 52 and surrounds source
electrode 20, and gate electrode 22 in the same manner as described above with
reference to the prior art. Note that sourcye electrode 20, and gate electrode 22 may
be rendered solderable for direct connection with a conductive adhesive or the like to
a conductive pad of, for example, a circuit board.

[0018]  Package 38 further includes an integrated circuit semiconductor device
(IC) 58. In the preferred embodiment, IC 58 includes a driver circuit that is capable
of driving power MOSFET 52. IC 58 is electrically connected to a plurality of
input/output terminals (I/O) terminals 60. I/O terminals 60 reside over an insulation
body disposed on lip portion 50. The purpose of I/O terminals 60 is to transmit input
signals to IC 58, and receive output signals from IC 58. Note that preferably I/O
terminals 60 are coplanar with first and second tracks 46, 48. As a result, when
assembled, I/O terminals 60 may be electrically and mechanically connected to
corresponding pads on a circuit board (e.g. by a conductive adhesive such as solder
or conductive epoxy) that are coplanar with and adjacent to a pad designated for
receiving second rail 48.

[0019]  Referring next to Figs. 6-8, to fabricate package 38 first a dielectric body
62 is deposited on a portion of web portion 42 extending along a portion of wall 44
and lip 50. Dielectric body 62 is preferably made from a polymer-based material,
and can be deposited th:l’ough stenciling, drop-on-demand deposition, or any other

suitable method. Drop-on-demand deposition is disclosed in U.S. Patent Application
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No. 11/367,725, assigned to the assignee of the present invention, and incorporated
herein by this reference. Drop-on-demand deposition is a preferred method for the
advantages set forth in U.S. Patent Application No. 11/367,725.

[0020]  Dielectrics capable of the isolation desired for a package according to the
present invention have been used in the production of plasma panel displays. Such
dielectric materials include dielectric particles loaded in an organic base, which may
be any of the following depending upon the application requirements: epoxy, acrylic
based (acrylate), polyimide or organopolysiloxane. UV curing materials are
preferred to reduce the process time, although other materials such as thermally
curable materials may be used without deviating from the present invention. The
dielectric material would be typically a metal oxide such as alumina or aluminum
nitride. Preferably, the dielectric material has a low and very controlled particle size
to allow for drop-on-demand deposition.

[0021]  Referring next to Fig. 7, a plurality of conductive input/output leads o
leads) are formed on dielectric body 62. Each I/O lead includes a conductive pad 64
which is electrically connected to a respective I/O terminal 60 via a respective
conductive track 66. /O leads can also be formed through any printing method such
as stenciling, or deposition method such as drop-on-demand deposition. In one
alternative embodiment, an organic based trace layer can be first deposited and cured.
The cured trace will then form a seed layer for the construction of I/O pads 64,
tracks, and I/O terminals 60.

[0022]  The material used for forming I/O leads and I/O terminals 60 may be a
polymer that is impregnated with micronized, highly conductive particles. The
dispersion of micronized, highly conductive particles within a polymer matrix can
allow for relatively low resistance I/O leads and I/O terminals suitable for carrying

signals to and from IC 58.
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[0023]  The conductive materials suitable for a package according to the present
invention should be very similar in formulation to the dielectrics regarding the base
materials. The conductive micronized fillers tend to be materials that are both highly
conductive and have low tendencies to oxidize. Typical materials deemed suitable
include gold, silver, platinum, rhodium etc, or combinations thereof.

[0024]  Alternatively, the conductive material may be a mixture of reflowing
(solders) and non-reflowing (metal particles) mixed in with a fluid to form a slurry,
which is then printed to form a reflowable, fusible material, similar to the solder
paste referred to above and disclosed in U.S. Patent Application No. 11/367,725.
The alternative conductive material may increase the choices of metals, as the fluid
used for the slurry coulc.llbe used to reduce or protect the metals from oxidation.
[0025] Referring next to Fig. 8, a protective body 68 is deposited over at least
conductive tracks 66. Note that pads 64, and terminals 60 remain exposed.
Protective body 68 may be a solder resist material; i.e. a material that is unwettable
by liquid solder, and may serve as a passivation. Preferably, protective body 68 is
polymer-based. Protective body 68 may be printed using any known method such a
stenciling, or deposited ﬁsing drop-on-demand deposition.

[0026]  Thereafter, a thick layer of conductive adhesive material is printed onto
I/O pads 64 to be used as a die-bonding medium for IC 58. At the same time a
highly solvent thinned, low resin loaded slurry material is printed onto the I/O
terminals 60. The slurry material acts as a base layer for tinning or possible plating,
[0027]  Next, device 52 and IC 58 are installed. Specifically, with a conductive
adhesive the drain electrode of device 52 is electrically and mechanically connected
to web portion 42 of can 40, and the electrodes (not shown) of IC 58 are electrically
and mechanically connected to pads 64 using a conductive adhesive such as solder or

a conductive epoxy, thereby realizing package 38 as illustrated in Fig. 5.
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[0028] In one preferred embodiment, conductive epoxy is used for the connection
of IC 58 and device 52. Specifically, conductive epoxy is deposited on web 42, and
on I/O pads, device 52 and IC 58 are placed on the conductive epoxy deposits, and
the arrangement is subject to a curing step. Optionally, a solder paste, such as the
solder paste disclosed in U.S. Pat. Appln. No. 10/970,165, is then deposited onto
source electrode 20 and gate electrode 22 of device 52, and also I/O terminals 60.
The arrangement is then subjected to a reflow heating step followed by a cleaning
step. With or without the solder paste, optionally, IC 58 may be then underfilled
using a volatile free organopolysiloxane, and the whole assembly (except for rails
46,48, I/O terminals 60, source electrode 20, and gate electrode 22) is covered with
an organopolysiloxane. The assembly is then subjected to an appropriate curing step.
As aresult, IC 58 can be electrically connected to device 52 through conductive
tracks on a circuit board, once package 38 is assembled in place.

[0029]  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.
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WHAT IS CLAIMED IS:

1. A semiconductor package comprising:

a conductive clip having an interior surface;

a dielectric body disposed over at least a portion of said interior surface of
said conductive clip;

at least one I/O terminal,

a conductive pad,;

a track connecting said pad to said I/O terminal;

an IC having at least one pad electrically connected to said die pad; and

a power semiconductor device having at least one power electrode
electrically and mechanically connected to another portion of said interior surface of

said conductive clip.

2. The package of claim 1, wherein said power semiconductor device is a

power MOSFET.

3. The package of claim 1, wherein said power semiconductor device is an

IGBT.

4, The package of claim 1, wherein said IC includes a driver circuit for

driving said power semiconductor device.

5. The package of claim 1, wherein said conductive clip is can-shaped.

6. The package of claim 1, wherein said conductive clip is comprised of

copper.
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7. The package of claim 1, wherein said conductive clip is plated with

either gold or silver.

8. The package of claim 1, further comprising a solder resist body

covering at least said track.

9. The package of claim 1, wherein said dielectric body is comprised of a

polymer.

10. A process for fabricating a semiconductor package comprising:

depositing a dielectric body over a portion of an interior surface of a
conductive clip;

forming at least one I/O lead over said dielectric body, said I/O lead
ihcluding a conductive pad portion, an I/O terminal, and a track connecting said
conductive pad to said I/O terminal;

connecting an electrode of an IC to said conductive pad portion;

electrically and mechanically connecting a power electrode of a power

semiconductor device to said interior surface of said conductive clip.

11. The process of claim 10, wherein said dielectric body is drop-on-

demand deposited.

12. The process of claim 10, wherein said I/O lead is drop-on-demand

deposited.

13. The process of claim 10, further comprising depositing a solder resist

over at least a portion of said terminal.
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14. The process of claim 13, wherein said solder resist is drop-on-demand

deposited.

15. The process of claim 10, wherein said power semiconductor device is

a power MOSFET.

16. The process of claim 10, wherein said power semiconductor device is

an IGBT.

17. The process of claim 10, wherein said IC includes a driver circuit for

driving said power semiconductor device.
18. The process of claim 10, wherein said conductive clip is can-shaped.

19. The process of claim 10, wherein said conductive clip is comprised of

copper.

20. The process of claim 10, wherein said conductive clip is plated with

either gold or silver.

21. The process of claim 10, wherein said dielectric body is comprised of

a polymer.
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