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Internal Analysis

Portfolio Analysis

Develop and align the patent portfolio with business data &
strategy
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Business Alignment

Technology Segment Mapping

Product Line Mapping

Track and align patent portfolio growth along these lines to
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Business Alignment - Geogaphy
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- Temporal Analysis — Patent ageing
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- Competitor & Landscape Analysis
o Trends
o Spend
o Terms
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Competitor Trends
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Competitor Focus

Use analytics to terms — replicate in some
embodiments and some claims

Key technologies — apply developed technology to
these discuss in invention review and IP brainstorming

sessions.
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conductivity type. Instead, a preferred breakdown shielding
region 117 of second conductivity type (c.g., P-type) is
provided. The breakdown shiclding region 117 may be
formed at the same time the base region 116 is formed, for
cxample. However, as illustrated best by FIG. 6 whichis a s
cross-sectional view of an integrated power semiconductor
device 300" according 1o a third embodiment of the prese
invention, the breakdown shiclding region 117" may also be
formed decper (and more highly doped) than the basc region
116 1o further increase the likelihood that avalanche break-
down will occur in the transition mesa region instead of
within the active region. The use of breakdown shiclding
regions to improve the breakdown characteristics of power
semiconductor devices is also described in commonly
assigned U.S. application Ser. No. (9/167,298, filed Oct. 6, |5
1998, entitled “Rugged Schottky Barrier Rectifiers Having
Improved Avalanche Breakdown Characteristi the dis-
closure of which is hereby incorporated herein by reference.

Numerical simulations of the unit cell 300 of FIG. § were

performed using a drift region doping concentration which 20 s

increased from a value of 1x10" em™ at a depth of 1 micron
to a value of 2x10'7 em™ at a trench depth (T,) of 5
microns. The thin portion of the gate electrode insulating
region 124 had a thickness of 500 A, the thick portion of the
gate clectrode insulating region 124 had a thickness of 3000 >
A and the first field plate insulating region 134 had a uniform
thickness of 3000 A. Based on these paramelers, the simu-
lated potential contours were shown to be uniformly spaced
in both the active and termination regions. The simulated
current flowlines also indicated that breakdown would occur
simultancously in both the active and termination regions so
long as the breakdown shiclding region 117 is clectrically
connected to the source electrode 128b. Accordingly, break-
down in the integrated power device 300 of FIG. § is not
cxpected to be edge limited. Moreover, in applications 3
where the GD-MOSFET unit cells in the active region are
expected (o be frequently driven into avalanche breakdown,

it is preferable to move the location of avalanche breakdown
to the more highly doped and deeper breakdown shiclding
region 117" within the device 300" of FIG. 6. In particular, by 4
increasing the depth of the breakdown shiclding region 117,
the breakdown voltage can be decrecased to a level which
will provide sufficient protection to the unit cells in the
active device area and improve the lifetime and reliability of
the overall device 300, In addition, as described more fully .
hereinbelow with respect to FIG. 7, the breakdown voltage
and the specific on-resistance R,, ., can also be scaled
downward by decreasing the cpitaxial layer thickness of the
drift region 112,
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which extends all the way to the Schottky rectifying junction
at the face, a uniformly doped region extends adjacent the
Schottky rectifying junction in the modified TMBS rectifier
of FIG. 7. As illustrated, this uniformly doped portion of the
drift region has a doping concentration of 1x10™ em™
therein, The advantages of including a uniformly doped
region adjacent the Schotiky rectifying junction in a TMBS
device are more fully described in the aforementioned
application entitled “Rugged Schottky Barrier Rectifiers
Having Improved Avalanche Breakdown Characteristics™.
This hybrid power device 400 is designed so that the
GD-MOSFET unit cells have very low specific on-state
resistance, the modified TMBS structure has very low leak-
age current and low on-state voltage drop and the combined
hybrid structure exhibits very low parasitic inductance. In
particular, simulations of the hybrid device of FIG. 7 illu
trate that the on-state voltage drop of both the GD-MOSFET
and modifiecd TMBS arc reduced because of improved
current spreading in the N4 substrate region 114. The
istance R, ,, can also be scaled downward by
decreasing the epitaxial layer thickness of the drift region
112. This reduction in epitaxial layer thickness causes the
non-rectifying junction formed between the drift region 112
and the drain region 114" (illustrated by the dotted line in
FIG. 7) to move up along the sidewalls of cach trench,
without any other modification in the process. Accordingly,
the reduction in epitaxial layer thickness (or increase in
trench depth) results in the formation of an interface
between the bottom of the trench 1206 and the drain region
114'. The simulations also indicate the possibility of higher
temperature operation with smaller heat sinks because of an
improvement in the lcakage current characteristics. The
hybrid device also limits the amount of parasitic inductance
between the GD-MOSFET and modificd TMBS rectifiers
within cach unit cell
As further illustrated by FIG. 7, an increase in the depth
of the base region 116 to the level illustrated by the dotted
line 116' can also be used advantageously to suppress the
degree of any impact ionization near the gate insulating
region 124 which may arise in response to hot clectron
injection during avalanche breakdown. In particular, steps to
form the gate insulating region so that there is an overlap
between the thick portion of the gate insulating region 124
(extending upward from the bottom of the trench) and the
base region 116 can be used to enhance the electric field
contours at the corner of the gate between the thick and thin
portions and thereby shicld the gate insulating region from
the effects of hot electron induced instabilities during ava-
lanche breakdown. Accordingly, the gate insulating region






