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(54) Semiconductor device

(57) In accordance with one embodiment of the in-
vention, a semiconductor device includes conductive
pad areas, and each conductive pad area is electrically
connected to a plurality of metal traces which are in turn
each connected to diffusions. A conductive contact ele-
ment such as a solder bump or via can be attached to
each conductive pad area such that the contact ele-

ments are arranged in a repeating pattern having a first
pitch. The semiconductor device can also include trans-
lation traces, and each translation trace can be electri-
cally connected to two or more of the conductive contact
elements. Each translation trace can have a intercon-
nect element attached thereto. The interconnect ele-
ments can be arranged in a repeating pattern having a
second pitch substantially greater than the first pitch.
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Description

[0001] This invention relates to semiconductor devic-
es.
[0002] Certain embodiments relate to field-effect-
transistor (FET) semiconductor devices, and more par-
ticularly to interconnects and packaging for metal oxide
semiconductor field effect transistor (MOSFET) devic-
es.
[0003] Power MOSFET devices typically include a
plurality of individual MOSFETs fabricated in a pattern
to form a MOSFET array. Advances in high-resolution
lithography permit individual MOSFETs in the array to
be densely grouped together on a semiconductor sub-
strate, increasing the total number of individual MOS-
FETs per unit area. Theoretically, a higher number of
individual MOSFETs operating in parallel within a single
MOSFET array will decrease the overall on-state resist-
ance in the MOSFET array. In practice, however, there
are various technical and geometric limitations on close-
ly packed MOSFETs in a MOSFET array. For instance,
the use of MOSFET devices in power conversion sys-
tems is limited by the on-state resistance per unit area,
the input capacitance per unit area, the gate resistance
per unit area, the source-to-drain withstand voltage ca-
pacity, the packaging inductance and external intercon-
nects, and the thermal conductivity to remove heat from
the semiconductor device.
[0004] For a semiconductor device having small ge-
ometries, such as a MOSFET device having lithograph-
ically defined gate lengths of less than 1 µm, the on-
state resistance can be the limiting factor due to the no-
ticeable contribution of resistance from the overlying
metal interconnect layers carrying electric current to the
source and drain regions. The impact of on-state resist-
ance is even more pronounced for power MOSFET de-
vices because the dimensions required to optimize the
on-state resistance for the small geometry components
are not compatible with the large amount of current car-
ried by some power MOSFET devices.
[0005] In accordance with one embodiment of the in-
vention, a semiconductor device includes conductive
pad areas, and each conductive pad area is electrically
connected to a plurality of metal traces which are in turn
each connected to diffusions. A conductive contact ele-
ment such as a solder bump or via can be attached to
each conductive pad area such that the contact ele-
ments are arranged in a repeating pattern having a first
pitch. The semiconductor device can also include trans-
lation traces, and each translation trace can be electri-
cally connected to two or more of the conductive contact
elements. Each translation trace can have a intercon-
nect element attached thereto. The interconnect ele-
ments can be arranged in a repeating pattern having a
second pitch substantially greater than the first pitch.
[0006] The details of one or more embodiments of the
invention are set forth in the accompanying drawings
and the description below. Other features, objects, and

advantages of the invention will be apparent from the
description and drawings, and from the claims.
[0007] In the drawings:

FIG. 1 is a top plan view of a MOSFET array in ac-
cordance with one embodiment of the invention.
FIG. 2 is a cross-sectional view of a portion of the
FIG. 1 MOSFET array along cross section A-A of
FIG. 1.
FIG. 3 is a top plan view of a MOSFET array in ac-
cordance with another embodiment of the inven-
tion.
FIG. 4 is a top plan view of MOSFET arrays con-
nected by translation traces in accordance with one
embodiment of the invention.
FIG. 5 is plan view of an array of solder bumps po-
sitioned atop the translation traces of FIG. 4 in ac-
cordance with one embodiment of the invention.
FIG. 6 is plan view of an array of solder bumps po-
sitioned atop translation traces in accordance with
another embodiment of the invention.
FIG. 7 is a side view of the MOSFET device from
FIG. 6 that is connected to a substrate in accord-
ance with one embodiment of the invention.

[0008] Like reference symbols in the various drawings
indicate like elements.
[0009] FIG. 1 depicts one embodiment of an array 40
of semiconductor devices. In accordance with one em-
bodiment of the invention, the semiconductor devices
may be MOSFET devices, but the description of such
an embodiment should not be construed so as to limit
the invention to such devices. FIG. 1 depicts a MOSFET
array 40, wherein densely grouped individual MOSFETs
are arranged in parallel. As shown in FIG. 1, a source
trace 24 may be coupled to one or more source contacts
22, and similarly, a drain trace 34 may be coupled to one
or more drain contacts 32. The source contacts 22 and
the drain contacts 32 can be coupled to source or drain
diffusions (not shown) of the MOSFET devices in a con-
ventional manner. Each source contact 22 can be cou-
pled to a source conductive trace 24, and each drain
contact 32 can be coupled to a drain conductive trace
34. The source traces 24 may be divided from the drain
traces 34 by a separation layer 19, comprising a non-
conductive material. The source traces 24 may intersect
at a source pad area 26 such that the source pad area
26 is electrically connected to each source contact 22
in the MOSFET array 40. The drain traces 34 may in-
tersect at a drain pad area 36, and the drain pad area
36 may be electrically connected to each drain contact
32 in the MOSFET array 40. The pad areas 26 and 36
may be relatively large areas of conductive material,
such as metal, with positions optimized for proper spac-
ing of conductive elements 28 and 38 (not shown in FIG.
1, described later). In FIG. 1, the gates of the device (not
shown) can run vertically and horizontally in a cross-
hatched pattern. In such embodiments, square source
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regions are located below the source contacts 22 and
square drain regions are located below the drain con-
tacts 32, forming a checkerboard pattern of alternating
source and drain regions at the device level that may be
referred to as a cellular arrangement. It will be appreci-
ated by those skilled in the art that the gates could al-
ternatively run parallel to the source and drain traces
24,34 in FIG. 1. In this case, a linear or "striped" arrange-
ment of alternating rows or stripes of source and drain
regions at the device level results. Alternatively, a linear
arrangement may include source and drain traces 24
and 34 running vertically, instead of diagonally as shown
in FIG. 1.
[0010] As shown in FIG. 2, a conductive element such
as via 28 may establish an electrical connection from
the source pad area 26 to a translation trace 50. Simi-
larly, a drain via 38 (not shown in FIG. 2) may establish
an electrical connection from the drain pad area 36 to
another translation trace 60 (not shown in FIG. 2). The
via 28 may be surrounded by an insulating layer (not
shown) such as an oxide layer, as is conventional in the
art. Returning to FIG. 1, it can be seen that the pad areas
26 and 36, and thus source and drain vias 28 and 38
(not shown in FIG. 1), are not directly over active device
regions. This may be referred to as an "off-active" ar-
rangement. In other embodiments, the source and drain
contact elements 28 and 38 can be positioned over the
active regions. This arrangement may be referred to as
an "on-active" arrangement. FIG. 3 shows an example
of an on-active arrangement. Similar to FIG. 1, source
traces 24 may intersect one or more source contacts 22,
and drain traces 34 may intersect one or more drain con-
tacts 32. In FIG. 3, vias 28 and 38 are positioned over
active areas and connect source and drain traces 24,
34 to translation traces (not shown in FIG. 3).
[0011] The translation traces can be composed of a
low sheet resistance layer. For instance, the translation
traces may be about 2 to about 40 um thick Cu (sheet
rho 10 to 0.5 mohm/sq), preferably about 10 to about 35
um thick Cu, and more preferably about 20 to about 30
um thick Cu. As another example, the translation traces
can be comprised of about 2 to about 4 um thick Al hav-
ing a sheet rho of about 20 to about 10 mohm/sq. Use
of relatively thick translation traces and/or fabricating
the traces with relatively low resistance materials may
help reduce the on state resistance contribution of the
interconnect and translation layer.
[0012] FIG. 4 shows a plan view of a portion of a MOS-
FET device 70, which includes a pattern of MOSFET
arrays 40. As discussed in connection with FIGS. 1 and
2, each MOSFET array 40 can be electrically connected
to pad areas 26 and 36, which in turn can be coupled
with vias 28 and 38. In FIG. 4, the pad areas 26,36 are
located on a lower metal layer, as indicated by the
dashed circles. FIG. 4 shows that the pad areas 26 and
36 (and thus the vias 28,38 attached thereto, not shown)
are arranged in a repeating pattern having a constant
pitch, or distance between center points of adjacent vi-

as. For example, in one embodiment the vias may have
a pitch between about 200 um and 300 um. In addition,
source pads 26 can be electrically connected to only the
source translation traces 50 (through vias 28, not shown
in FIG. 4) while the drain pads 36 can electrically con-
nected to only the drain translation traces 60 (through
vias 38, not shown in FIG. 4). In this embodiment, the
source translation traces 50 have a cross (+) shape so
as to establish an electrical connection with a group of
five adjacent source pads 26. The drain translation trac-
es 60 have a similar pattern so as to establish contact
with a group of five adjacent drain pads 36.
[0013] FIG. 5 shows the translation traces 50,60 from
FIG. 4. Each translation trace 50 or 60 may have a
mounting element, such as an interconnect solder ball
52 or 62, respectively, attached thereto. For some fab-
rication techniques, the relative size of solder balls
52,62 may be larger than that depicted in FIG. 5. In this
embodiment of the invention, a solder ball 52 may be
attached to each source translation trace 50 at the cent-
er of the cross (+) shape. Similarly, a solder ball 62 may
be attached to each drain translation trace 60 at the
center of the cross (+) shape.
[0014] As seen in FIG. 5, in this embodiment of the
invention the nearest neighbors to a given solder ball 52
or 62 are not like-minded. That is, a given solder ball (52
or 62) has nearest neighbors that are of the opposite
type (62 or 52). For example, a given source solder ball
52 has four nearest neighbor drain solder balls 62, while
the closest source balls 52 are further away. Similarly,
a given drain solder ball 62 has four nearest neighbor
source solder balls 52, while the closest drain balls 62
are further away. FIG. 6 shows an alternative arrange-
ment of translation traces 50,60, and solder balls 52,62.
[0015] Some embodiments may include source and
drain traces 24,34 on different metal layers. To reduce
on-state resistance, each metal layer 24,34 can cover
substantially the entire chip or a substantial fraction of
the chip. In such embodiments, vias can extend through
the intervening layer (e.g. the source metal layer) to car-
ry signals to the doped silicon regions (e.g. the MOSFET
drain region) or to another metal layer with the appro-
priate clearance to facilitate fabrication. The arrange-
ment shown in FIG. 5, wherein nearest neighbors are
not common (i.e. not tied to the same terminal), may re-
duce the extent to which the intervening layer is inter-
rupted by the vias. Vias in such embodiments are
spaced more widely than in embodiments wherein, e.g.,
source solder bumps and their underlying vias are ar-
ranged in rows or columns.
[0016] As shown in FIGS. 5-7, the solder balls 52 and
62 may be formed in a ball grid array (BGA) pattern so
as to establish an interconnect with a substrate 80 ex-
ternal to the MOSFET device 70. In one embodiment of
the invention, the substrate 80 may be a printed circuit
board with an array of conductive pads corresponding
to the BGA pattern on the device 70. The printed circuit
board may also house a plurality of electrical conduits
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such as metal traces for propagating signals which may
terminate in any suitable connector or interface, as is
known in the art. As such, an electrical signal may prop-
agate through the substrate 80 to a solder ball 52 on the
MOSFET device 70. The signal may continue from the
solder ball 52 to a corresponding translation trace 50
(see FIG. 5). In turn, the signal may continue from the
translation trace 50 to a via 28 that is electrically con-
nected to the trace 50 and then to a corresponding
source pad area 26 (see FIG. 2). Further yet, the signal
may continue from the source pad area 26 to the source
lines 24 that are electrically connected thereto (see FIG.
1). The signal may then continue from the source lines
24 to the source contacts 22 and the corresponding dif-
fusions of the MOSFET array 40. In the embodiments
depicted in FIGS. 1-6, a similar path is followed by the
drain signal through drain contacts 32, translation lines
60, and solder balls 62.
[0017] Referring again to FIGS. 5-6, the solder balls
52 and 62 are arranged in a pattern having a solder ball
pitch (i.e., length between adjacent solder balls in the
BGA) substantially greater than the pitch of the vias 28
and 38. As such, the translation traces 50 and 60 can
increase the external pitch of the device 70 for compat-
ibility with requirements of mounting the device 70 to the
substrate 80. For example, in one embodiment the pitch
of the vias 28 and 38 can be between about 100 um and
400 um, preferably between about 200 um and 300 um,
and more preferably around 250 um. The translation
traces 50 and 60 may be used to increase the effective
external pitch of the device 70 so that the pitch of the
solder balls 52 and'62 is increased by a factor of about
1.1 to 10, preferably about 2 to 5, and more preferably
by about 2 to 3.
[0018] The size of the MOSFET array 40 (FIG. 1), the
metal traces and solder bumps, and the pitch of the vias
and solder balls may be selected to optimize the resist-
ance from the overlying metal interconnect layers car-
rying electric current to the source and drain regions.
Accordingly, the total on-resistance may be optimized
even for a power MOSFET device carrying large cur-
rents and having small-geometry components. In addi-
tion, increased thermal conduction and decreased low
parasitic inductances may be achieved through use of
the topologies discussed herein.
[0019] The topologies described above may be mod-
ified extensively in accordance with the teachings set
forth herein. For instance, the foregoing techniques may
be applied to any type of integrated circuit, including but
not limited to diodes, JFETs, BJTs, and NMOS, PMOS,
or CMOS FETs. Although a discrete power-FET array
was illustrated above, the techniques described herein
may be applied in connection with integrated devices
which include, for example, control logic, and any tran-
sistor or diode layout may be used. The layout may use
any desired number of metal layers, interconnects and
polysilicon layers. For instance, the pad areas may be
connected to the diffusions with 2, 3, 4 or more separate

layers of metal which are connected with vias or other
known means. Organic.or polymeric traces may be
used as well. Vias and contacts are discussed above in
connection with certain preferred embodiments; those
skilled in the art will understand that any suitable con-
ductive element can be used to connect the various sil-
icon regions and metal layers.
Likewise, alternate conductive layers could be used in
place of the solder bumps or balls, such as terminated
ball bonds, stud bumps with gold wires, or the like. The
chip-side conductive elements can have any desired
spacing, repeating pattern, or non-repeating pattern.
The mounting elements may likewise be fabricated from
any conductive substance and have any desired form,
including but not limited to metal solder bumps or balls.
The traces, conductive elements, and mounting ele-
ments discussed herein need not be separately formed,
but instead may be integrally formed in the same fabri-
cation step. The mounting elements need not serve as
interconnects to off-chip components, but instead can
be connected to other elements which in turn serve as
interconnects.
[0020] The translation traces may have any desired
configuration and may serve to electrically connect any
desired number of chip-side conductive elements. For
example, the semiconductor device may have addition-
al layers of translation traces 50 and 60 to further in-
crease the external pitch of the ball grid array. In addi-
tion, the translation trace 50 and 60 may be of a shape
other than a cross (+), such as an L-shape (L), a T-shape
(T), or any other shape that enables the translation trac-
es to be electrically connected to two or more conductive
elements 28 and 38.
[0021] A number of embodiments of the invention
have been described. Nevertheless, it will be under-
stood that various modifications may be made without
departing from the spirit and scope of the invention. Ac-
cordingly, other embodiments are within the scope of the
following claims.

Claims

1. A semiconductor device, comprising:

a plurality of conductive pad areas, each con-
ductive pad area being electrically connected
to a plurality of diffusions and having a conduc-
tive contact element attached thereto, the con-
ductive contact elements being arranged in a
repeating pattern having a first pitch;
a plurality of translation traces, each translation
trace electrically connecting two or more of the
conductive contact elements and having a con-
ductive interconnect element attached thereto,
the interconnect elements being arranged in a
repeating pattern having a second pitch sub-
stantially greater than the first pitch.
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2. The device of claim 1, wherein the diffusions form
a part of an array of lateral field effect transistors.

3. The device of claim 1, wherein the interconnect el-
ements form a ball grid array.

4. The device of claim 1, wherein the conductive con-
tact element is a via.

5. The device of claim 1, wherein the translation traces
are substantially thicker than other metal layers dis-
posed beneath the translation traces.

6. The device of claim 3, wherein a first set of transla-
tion traces connects drain contacts and a second
set of translation traces connects source contacts.

7. The device of claim 1, wherein the interconnect el-
ement is a solder element.

8. The device of claim 1, further comprising a printed
circuit board attached to the semiconductor device
at said interconnect elements.

9. The device of claim 7, wherein the pitch of the con-
ductive contact elements is between about 200 µm
and 300 µm.

10. The device of claim 9, wherein the pitch of the solder
elements is between about 400 µm and 600 µm.

11. The device of claim 1, wherein the translation traces
have a cross-shaped configuration.

12. The device of claim 1, wherein the interconnect el-
ements are attached to an off-chip component
through one or more intervening conductors.

13. The device of claim 1, wherein the second pitch is
at least about twice the first pitch.

14. A printed circuit board, comprising:

a solid substrate having a plurality of electrical
conduits terminating in connectors;
one or more integrated circuits connected
thereto, said integrated circuits comprising:

a plurality of conductive pad areas, each
conductive pad area being electrically con-
nected to a plurality of diffusions and hav-
ing a conductive contact element attached
thereto, the conductive contact elements
being arranged in a repeating pattern hav-
ing a first pitch;
a plurality of translation traces, each trans-
lation trace electrically connecting two or
more conductive contact elements and

having a conductive interconnect element
attached thereto, the interconnect ele-
ments being arranged in a repeating pat-
tern having a second pitch substantially
greater than the first pitch.

15. The printed circuit board of claim 14 wherein the dif-
fusions form a part of an array of lateral field effect
transistors.

16. The printed circuit board of claim 14, wherein the
interconnect elements form a ball grid array that
connects to the printed circuit board.

17. The printed circuit board of claim 14, wherein the
conductive contact element is a via.

18. The printed circuit board of claim 14, wherein the
translation traces are substantially thicker than oth-
er metal layers disposed beneath the translation
traces.

19. The printed circuit board of claim 14, wherein a first
set of translation traces connects drain contacts
and a second set of translation traces connects
source contacts.

20. The printed circuit board of claim 14, wherein the
interconnect element is a solder element.

21. The printed circuit board of claim 14, wherein the
pitch of the conductive contact elements is between
about 200 µm and 300 µm.

22. The printed circuit board of claim 21, wherein the
pitch of the solder elements is between about 400
µm and 600 µm.

23. The printed circuit board of claim 14, wherein the
translation traces have a cross-shaped configura-
tion.
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