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HGH-DENSITY POWER MOSFET WITH 
PLANARIZED METALIZATION 

TECHNICAL FIELD 

The present invention relates to high-density power MOS 
FET semiconductor devices. 

BACKGROUND ART 

Power MOSFETs (metal-oxide-semiconductor field-ef 
fect transistors) comprise one of the most useful field effect 
transistors implemented in both analog and digital circuit 
applications. 

In general, a trench-based power MOSFET is built using 
a vertical structure as opposed to a planar structure. The 
vertical structure enables the transistor to sustain both high 
blocking Voltage and high current. Similarly, with a vertical 
structure, the component area is roughly proportional to the 
current it can Sustain, and the component thickness is 
proportional to the breakdown voltage. 

The geometry of the features of the power MOSFET 
components are commonly defined photographically 
through photolithography. The photolithography process is 
used to define component regions and build up components 
one layer on top of another. Complex devices can often have 
many different built up layers, each layer having compo 
nents, each layer having differing interconnections, and each 
layer stacked on top of the previous layer. The resulting 
topography of these complex devices often resemble famil 
iar terrestrial “mountain ranges', with many “hills' and 
“valleys” as the device components are built up on the 
underlying Surface of the silicon wafer. 

There exists a problem, however, in the fact that prior art 
power MOSFET components have active areas with a con 
siderable amount of topography. The active areas of the prior 
art power MOSFET devices have many hills and valleys 
from the layered components built up on the underlying 
silicon. To enable component interconnects, this topography 
is covered by a thick metalization layer that is optimized to 
fill in the valleys and cover the peaks. This metalization 
layer is typically more than several microns thick (e.g., in 
common high-density power MOSFET devices). 
The thick metalization layer leads to number problems. 

One problem is the fact that even though the metalization 
layer is designed to fill in the valleys, there can exist voids 
where the valleys are too narrow to allow effective filling. 
Such voids become prime areas for the introduction of flaws 
into the completed power MOSFET device. Another prob 
lem is the fact that the deposition of such a thick metaliza 
tion layer is a very expensive step in the fabrication process. 
Accordingly, what is needed is a power MOSFET fabrica 
tion process that avoids the thick metalization layer prob 
lems on planarized topography services. 

DISCLOSURE OF THE INVENTION 

Embodiments of the present invention provide a method 
and system for high density power MOSFETs that avoid the 
thick metalization layer problems of the prior art. Embodi 
ments of the present invention eliminate the occurrence of 
Voids in completed devices due to high aspect ratio gaps in 
their active area Surfaces. 

In one embodiment, the present invention is implemented 
as a method for producing a high density power MOSFET. 
The method includes fabricating a plurality of layers of a 
power MOSFET to produce an upper surface active area and 
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2 
performing a CMP (chemical mechanical polishing) process 
on the active area to produce a Substantially planar Surface. 
A metalization deposition process is then performed on the 
substantially planar surface and the fabrication of the power 
MOSFET is subsequently completed. In one embodiment, a 
metal layer deposited by the metalization deposition process 
is less than 4 microns thick. The CMP process thus elimi 
nates problems posed by, for example, high aspect ratio 
Surfaces characteristic in the fabrication of high density 
power MOSFET devices. 

In one embodiment, a CMP process is used to achieve 
planarized topography on a power MOSFET device having 
both Small geometry (e.g., Such as source contacts) and large 
geometry (e.g., such as gate contacts) simultaneously. This 
aspect can also apply to power MOSFETs with integrated 
Schottky devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and form a part of this specification, illustrate embodiments 
of the invention and, together with the description, serve to 
explain the principles of the invention: 

FIG. 1 shows a schematic cross-section view of a con 
ventional power MOSFET having a comparatively thick 
metalization layer. 

FIG. 2 shows a schematic cross-section view of a high 
density power MOSFET having a comparatively thick met 
alization layer 201. 
FIG.3 shows a diagram illustrating the aspect ratio of the 

high density power MOSFET. 
FIG. 4 shows a diagram depicting a high density power 

MOSFET in accordance with one embodiment of the present 
invention prior to a planarization process being performed 
on the upper active area surface. 

FIG. 5 shows a diagram depicting a high density power 
MOSFET in accordance with one embodiment of the present 
invention Subsequent to a planarization process being per 
formed on the upper active area Surface. 

FIG. 6 shows a diagram depicting a high density power 
MOSFET in accordance with one embodiment of the present 
invention Subsequent to a thin metalization deposition pro 
cess being performed on the planarized upper active area 
Surface. 

FIG. 7 shows a diagram depicting a high-density power 
MOSFET with an integrated Schottky device in accordance 
with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. While the 
invention will be described in conjunction with the preferred 
embodiments, it will be understood that they are not 
intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modifications and equivalents, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. Furthermore, in the following detailed 
description of embodiments of the present invention, numer 
ous specific details are set forth in order to provide a 
thorough understanding of the present invention. However, 
it will be recognized by one of ordinary skill in the art that 
the present invention may be practiced without these specific 
details. In other instances, well-known methods, procedures, 
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components, and circuits have not been described in detail 
as not to unnecessarily obscure aspects of the embodiments 
of the present invention. 

Embodiments of the present invention are directed 
towards a high density power MOSFET having a substan 
tially planarized upper Surface active area with a thin met 
alization layer. Embodiments of the present invention are 
further directed towards methods for fabricating the high 
density power MOSFETs. In one embodiment, the method 
includes fabricating a plurality of layers of a power MOS 
FET to produce an upper Surface active area and performing 
a CMP (chemical mechanical polishing) process on the 
active area to produce a substantially planar Surface. A 
metalization deposition process is then performed on the flat 
substantially planar surface and the fabrication of the power 
MOSFET is subsequently completed. In one embodiment, a 
metal layer deposited by the metalization deposition process 
is less than 4 microns thick. Embodiments of the present 
invention and their benefits are further described below. 

FIG. 1 shows a schematic cross-section view of a con 
ventional power MOSFET 100 having a comparatively thick 
aluminum metalization layer 101. As depicted in FIG. 1, the 
cross-section view of the power MOSFET 100 shows a 
plurality of gate contacts (e.g., contact 102) between a 
respective plurality of source drain regions (e.g., 103-104) 
and the n-type and p-type doping of the intrinsic silicon. 
Each source drain region (e.g., 103-104) is surrounded by an 
oxide layer (e.g., SiO) as shown by the exemplary oxide 
layer 110. An n-- region (region 109) is on either side of each 
of the source drain regions. The well regions N-108 and N+ 
107 are shown. The FIG. 1 embodiment shows the metal 
ization layer 101 being comparatively thick, in this case, 
having a thickness 105 of approximately 5 um. The thick 
metalization layer 101 is deposited to effectively cover and 
fill the topography of the underlying active area surface. The 
metalization layer 101 is intended to fill the regions between 
the depicted oxide deposits and make an effective adhesion 
with the gate contacts (e.g., contact 102). The metalization 
layer 101 has an un-even surface due to the fact of its 
thickness. The metalization deposition for the 5 um thick 
metalization layer 101 adds a significant expense to the 
fabrication process of the power MOSFET 100. For 
example, wafers would need to spend a significant amount 
of time within, for example, a vapor metalization deposition 
machine, forming a metalization layer of the required thick 
ness. The increased time spent within the deposition 
machine reduces the machines overall throughput, and the 
overall throughput of the fabrication process, thereby 
increasing the unit cost of the MOSFET devices. 

FIG. 2 shows a schematic cross-section view of a high 
density power MOSFET 200 having a comparatively thick 
metalization layer 201. In a manner similar to the FIG. 1 
diagram, FIG. 2 shows a schematic cross-section view of the 
high density power MOSFET 200, showing a plurality of 
gate contacts (e.g., contact 202) between a respective plu 
rality of source drain regions (e.g., 203-204) and the n-type 
and p-type doping of the intrinsic silicon. As with FIG. 1, the 
FIG. 2 embodiment shows the metalization layer 201 being 
comparatively thick, in this case, approximately 5 um. The 
thick metalization layer 201 is deposited to effectively cover 
and fill the topography of the underlying active area Surface, 
however the metalization layer 201 has the added challenge 
of having to fill high aspect ratio valleys between the shown 
oxide deposits. Since the power MOSFET 200 is a high 
density power MOSFET, the width of the gaps between the 
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4 
Source-drain oxide deposits is Smaller across the area of the 
die in comparison to lower density power MOSFETs (e.g., 
MOSFET 100 of FIG. 1). 
The metalization layer 201 has the more challenging task 

in that it needs to fill the high aspect ratio regions between 
the depicted oxide deposits while still making an effective 
adhesion with the gate contacts (e.g., contact 202). The high 
aspect ratio regions present an additional difficulty to the 
metalization deposition process. 
FIG.3 shows a diagram illustrating the aspect ratio of the 

high density power MOSFET 200. The aspect ratio refers to 
the ratio between the width of a gap (e.g., width 301) and the 
depth of the gap (e.g., the depth of 302). Generally, an aspect 
ratio is higher for narrow gaps that are relatively deep as 
opposed to wide gaps that are relatively shallow. For a high 
density power MOSFET 200, ensuring effective filling of the 
high ratio gaps and therefore ensuring effective contact with 
the source contacts (e.g., contact 202) becomes more prob 
lematic, and thus often requires an even thicker metalization 
deposition layer 201. Even with the additional thickness in 
the metalization layer 201, the high aspect ratio gaps can 
lead to voids and similar types of non-filling defects. Such 
Voids can lead to outgassing and similar types of faults in the 
completed high density power MOSFET 200. Thus, the 
metalization layer 201 can be even more expensive than the 
metalization layer 101 shown in FIG. 1. 

FIG. 4 shows a diagram depicting a high density power 
MOSFET 400 in accordance with one embodiment of the 
present invention prior to a planarization process being 
performed on the upper active area Surface. As depicted in 
FIG. 4, the cross-section view of the power MOSFET 400 
shows a plurality of gate contacts (e.g., contact 402) between 
a respective plurality of source drain regions (e.g., 403-404) 
and the n-type and p-type doping of the intrinsic silicon. In 
the MOSFET 400 embodiment of FIG. 4, the gate contacts 
are tungsten gate contacts. 

FIG. 5 shows a diagram depicting a high density power 
MOSFET 400 in accordance with one embodiment of the 
present invention Subsequent to a planarization process 
being performed on the upper active area surface. As 
depicted in FIG. 5, the cross-section view of the power 
MOSFET 400 shows the upper surface active area of 501 
after it has been planarized. As depicted in FIG. 5, the Oxide 
deposits and the tungsten contacts have been polished until 
they are coplanar. The flat upper Surface active area effec 
tively removes any gaps, regardless of their aspect ratio, that 
must be filled by a subsequent metalization deposition. This 
makes the Subsequent metalization deposition much more 
efficient. 

In one embodiment, the planarization process used on the 
upper surface active area 501 is a tungsten optimized CMP 
process. Such a tungsten optimized CMP process is config 
ured to ensure effective polishing of active areas having both 
Oxide Sub-areas and tungsten sub-areas. 

FIG. 6 shows a diagram depicting a high density power 
MOSFET 400 in accordance with one embodiment of the 
present invention Subsequent to a thin metalization deposi 
tion process being performed on the planarized upper active 
area surface. As depicted in FIG. 6, the cross-section view 
of the power MOSFET 400 shows the upper surface active 
area covered by a thin aluminum metalization layer 602. The 
metalization layer 602 is also shown with the contacts 603 
and 604. The flat upper surface active area is free of any 
topography, and thus can be effectively and efficiently filled 
by a thin metalization deposition. The thin metalization 
deposition can have a thickness 601 of less than 5um. For 
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example, in one embodiment, the thickness 601 is 4 Lum. 
Similarly, in one embodiment, the thickness 601 is 3 um or 
less. 
The thin metalization deposition for the high-density 

power MOSFET 400 of the present embodiment is less 
expensive and consumes less fabrication time than a con 
ventional thicker metalization deposition process. The thin 
metalization deposition process is also more effective than 
the conventional thicker metalization deposition since the 
CMP process removes topography from the upper active 
area Surface, thereby eliminating a significant source of 
fabrication defects. The CMP process thus prevents the 
occurrence of problems posed by, for example, high aspect 
ratio Surfaces characteristic in the fabrication of high density 
power MOSFET devices. 

FIG. 7 shows a high density power MOSFET with an 
integrated Schottky device 700 in accordance with one 
embodiment of the present invention. As depicted in FIG. 7, 
the device 700 includes its high-density power MOSFET 
region 701 and its Schottky device 702. In this example this 
is shown with a comparatively longer 705 region in com 
parison to the gate regions for the high density power 
MOSFET. 

Additionally, it should be noted that although exemplary 
N channel devices have been depicted in FIGS. 1 through 7. 
embodiments of the present invention can be readily imple 
mented using P channel devices instead. Such implementa 
tions are within the scope of the present invention. 

The foregoing descriptions of specific embodiments of the 
present invention have been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 
are possible in light of the above teaching. The embodiments 
were chosen and described in order best to explain the 
principles of the invention and its practical application, 
thereby to enable others skilled in the art best to utilize the 
invention and various embodiments with various modifica 
tions as are Suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the 
claims appended hereto and their equivalents. 
What is claimed is: 
1. A method for producing a power MOSFET, compris 

1ng: 
fabricating a plurality of layers of a power MOSFET and 

an integrated Schottky device to produce an upper 
Surface active area; 

performing a chemical mechanical polishing process on 
the upper Surface active area to produce a substantially 
planar Surface, wherein a gate contact is coplanar with 
an oxide deposit, wherein the oxide deposit comprises 
a source region, and wherein the oxide deposit com 
prises a drain region; 

performing a metalization deposition process on the Sub 
stantially planar Surface, wherein a portion of the 
metallization deposition is in contact with the gate 
contact; and 

completing fabrication of the power MOSFET and 
Schottky device. 
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2. The method of claim 1 wherein the active area com 

prises silicon dioxide Sub-areas and tungsten sub-areas. 
3. The method of claim 2 wherein the chemical mechani 

cal polishing process comprises a tungsten optimized pro 
CCSS, 

4. The method of claim 1 wherein the metalization 
deposition is configured to deposit a metal layer less than 4 
microns deep. 

5. The method of claim 4 wherein the metal layer is 
configured to accept a plurality of wire bonds for completing 
fabrication of the power MOSFET. 

6. The method of claim 1 wherein the power MOSFET is 
a high density power MOSFET. 

7. A method for producing a high density power MOS 
FET, comprising: 

fabricating a plurality of layers of a power MOSFET and 
an integrated Schottky device to produce an upper 
Surface active area; 

performing a chemical mechanical polishing process on 
the upper Surface active area to produce a substantially 
planar Surface, wherein a gate contact is coplanar with 
an oxide deposit, wherein the oxide deposit comprises 
a source region, and wherein the oxide deposit com 
prises a drain region; 

performing a metalization deposition process on the Sub 
stantially planar Surface, wherein the metalization 
deposition is configured to deposit a metal layer less 
than 4 microns deep, wherein a portion of the metal 
lization deposition is in contact with the gate contact; 
and 

completing fabrication of the power MOSFET and 
Schottky device. 

8. The method of claim 7 wherein the active area com 
prises silicon dioxide Sub-areas and tungsten sub-areas. 

9. The method of claim 8 wherein the chemical mechani 
cal polishing process comprises a tungsten optimized pro 
CCSS, 

10. The method of claim 7 wherein the metalization 
deposition is configured to deposit a metal layer less than 2 
microns deep. 

11. The method of claim 10 wherein the metal layer is 
configured to accept a plurality of wire bonds for completing 
fabrication of the power MOSFET. 

12. The method of claim 7 wherein the upper surface of 
the active area is a high aspect ratio Surface. 

13. The method of claim 7 wherein the power MOSFET 
is an N channel device or a P channel device. 

14. The method of claim 7 wherein the integrated 
Schottky device comprises a region larger than a gate 
contact region of the power MOSFET. 

15. The method of claim 10 wherein the upper surface of 
the active area is a high aspect ratio Surface, and wherein the 
power MOSFET is an N channel device or a P channel 
device, and wherein the integrated Schottky device com 
prises a region larger than a source contact region of the 
power MOSFET. 


