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DETAILED ACTION
Response to Amendment
1. Acknowledgement is made of Amendment filed March 12, 2008.
2. Applicant's arguments regarding claims 1, 3-5, 7-10 and 23 have been fully
considered but they are not persuasive. Applicant’s argument asserts that examiner has
not presented reasonable arguments for combining the references to Ono, Kumar and
Zeng. However, examiner believes that the rationale stated in the previous office
action clearly presents such a rationale. Further, applicant argues that the combination
of these elements might render such a device inoperative. However, absent
documentary evidence this assertion is not convincing.
3. The rejections of dependent claim 11 and claims 12-14 and 17-20 have been
withdrawn.
Claim Rejections - 35 USC § 103

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

8. Claims 1, 3, 4, and 7 — 10, are rejected under 35 U.S.C. 103(a) as being
unpatentable over Ono et al., (US 2003/0227052 A1) Ono in view of Kumar et al.,
(USPAT 6,573,534.B1) Kumar and further in view of Zeng et al., (USPAT 6,137,139)

Zeng.
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6. As to claims 1,3,4, and 9, Ono discloses and shows (Fig 1), a double implanted
MOS field effect transistor comprising a semiconductor substrate (10) having a first
concentration of first type impurities (n+); a drift semiconductor layer (50) formed on a
front side of the semiconductor substrate and having a second concentration of first
type impurities less that the first concentration of first type impurities (n-); a first source
region (20); a second source region (20); and a JFET region (40) defined between the
first source region and the second source region, the JFET region having a third
concentration of first type impurities that is greater than the second concentration of first
type impurities (n) and having a width (L) less than about 3 micrometers and a width of

about one micrometer. (Paragraphs [0039] & [0041]).
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7. Ono does not disclose that the semiconductor substrate is a silicon-carbide
substrate.
8. Kumar is related to a similar MOS FET structure and discloses that the substrate

is a silicon-carbide substrate (Column 1, line 40).

9. Kumar is evidence that a person of ordinary skill in the art would find a reason,
suggestion or motivation to use a silicon-carbide substrate.

10.  Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to modify Ono by using a silicon-carbide substrate for
advantages such as higher breakdown voltage and lower ON resistance according to
the teachings of Kumar (Column 1, lines 27-30).

11.  Ono shows (Ono, Fig 1) the JFET region is formed directly below the gate
structure and between the base doped wells formed on either side of the gate. As
noted above the parasitic JFET is a consequence of the lateral gate-source
arrangement of a vertical MOSFET and would be above the current spreading layer and
the drift region shown by Zeng.

12.  Ono as modified by Kumar does not explicitly disclose that a current spreading
layer is formed on a front side of the drift semiconductor layer; and wherein the
concentration of impurities of the first type is greater that the concentration of impurities
of the first type in the drift region by at least one order of magnitude.

13.  Zeng discloses and shows (Fig 2C) a current spreading layer (103) formed on a
front side of the drift semiconductor layer (102) wherein the concentration of impurities

of the first type is greater that the concentration of impurities of the first type in the drift
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region by at least one order of magnitude (Zeng, Column 2, lines 64-67 & Column 3,

lines 4-7).
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14. Zeng is evidence that a person of ordinary skill in the art would find a reason,
suggestion or motivation to have a current spreading layer formed on a front side of the
drift semiconductor layer; and wherein the concentration of impurities of the first type is
greater that the concentration of impurities of the first type in the drift region by at least
one order of magnitude.

15.  Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to modify Ono to have a current spreading layer formed on
a front side of the drift semiconductor layer; and wherein the concentration of impurities
of the first type is greater that the concentration of impurities of the first type in the drift
region by at least one order of magnitude for advantages such as reduced on-
resistance without degrading device ruggedness and reliability according to the

teachings of Zeng (Column 4, lines 32-39).
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16. Asto claims 7 and 8, Ono as modified by Kumar and Zeng discloses and shows
(Fig 2C) a current spreading layer (103) formed on a front side of the drift
semiconductor layer (102) wherein the concentration of impurities of the first type is
greater that the concentration of impurities of the first type in the drift region by at least
one order of magnitude (Zeng, Column 2, lines 64-67 & Column 3, lines 4-7).

17.  Asto claim 10, Ono as modified by Kumar and Zeng shows (Ono, Fig 12) a
plurality of base contact regions (18) formed in each of the first and second source
regions (16), the base contact regions being smaller that the first and second source
regions.

18. Claims 5 and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Ono in view of Kumar and Zeng and further in view of Tokura et al., (USPAT
5,545,908).

19.  Ono as modified by Kumar and Zeng does not disclose that the concentration of
first type impurities associated with the JFET region is at least one order of magnitude
greater that the concentration of first type impurities associated with the drift region.

20. Tokura is related to a similar MOSFET structure and discloses and shows
(Tokura, Fig 1) that the doping level at the JFET region (5) is 8E16 cm™whereas the
doping level of the drift region (2) is 5E15 cm™ .(Tokura, Column 10, lines 29-33 &
Column 11, lines 54-58). Note that Tokura does not Iabel the region between the two p
doped wells on opposite sides of the gate as a JFET. However the structure in this
device as well as Ono will form a parasitic JFET due to the arrangement of the layers.

(Ono, Paragraph [0040]).
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Tokura, Fig 1

21.  Tokura is evidence that a person of ordinary skill in the art would find a reason,
suggestion or motivation to have the concentration of the JFET region at least an order
of magnitude greater that the concentration of the drift region.

22. Therefore, it would have been obvious to one of ordinary sKkill in the art at the
time the invention was made to modify Ono by having the concentration of the JFET
region at least an order of magnitude greater that the concentration of the drift region for
advantages such as reduced ON resistance according to the teachings of Tokura

(Column 5 lines 60-66 & Column 8, lines 33-34).

23. Astoclaim 23, Ono as modified by Kumar, Zeng, and Tokura discloses and
shows (Fig 1), a double implanted MOS field effect transistor comprising a

semiconductor substrate (10) having a first concentration of first type impurities (n+); a
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drift semiconductor layer (50) formed on a front side of the semiconductor substrate and
having a second concentration of first type impurities less that the first concentration of
first type impurities (n-); a first source region (20); a second source region (20); and a
JFET region (40) defined between the first source region and the second source region,
the JFET region having a fourth concentration of first type impurities that is greater than
the second concentration of first type impurities (n) and having a width (L) less than
about 3 micrometers and a width of about one micrometer. (Paragraphs [0039] &
[0041]).

Kumar discloses that the substrate is a silicon-carbide substrate (Column 1, line 40).
Zeng discloses and shows (Fig 2C) a current spreading layer (103) formed on a front
side of the drift semiconductor layer (102) wherein the concentration of impurities of the
first type is greater that the concentration of impurities of the first type in the drift region
(Zeng, Column 2, lines 64-67 & Column 3, lines 4-7). Lastly, Tokura discloses and
shows (Tokura, Fig 1) that the doping level at the JFET region (5) is 8E16 cm™ whereas
the doping level of the drift region (2) is SE15 cm (Tokura, Column 10, lines 29-33 &
Column 11, lines 54-58). Note that Tokura does not label the region between the two p-
doped wells on opposite sides of the gate as a JFET. However the structure in this
device as well as Ono will form a parasitic JFET due to the arrangement of the layers.

(Ono, Paragraph [0040]).
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Allowable Subject Matter
24.  Claim 11 is objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the
base claim and any intervening claims.
25. Claims 12-14 and 17-20 are allowed.
26. The following is a statement of reasons for the indication of allowable subject
matter: The prior art of record, taken alone or in combination fails to anticipate or
render obvious the plurality of source regions and the plurality of base contact regions
form alternating strips of N-type doped regions and P-type doped regions, the
alternating strips being substantially orthogonal to respective source electrodes formed
over the first and the second source regions as recited in independent claim 17 along
with all its other limitations and dependent claim 11.
27. Astoclaim 12, the prior art of record taken alone or in combination fails to
anticipate or render obvious a first source electrode formed over the first source region,
the first source electrode defining a longitudinal axis; a plurality of first base contact
regions defined in the first source region, each of the plurality of first base contact
regions being spaced apart from each other in a direction parallel to the longitudinal axis
defined by the first source electrode; a second source region; a second source
electrode formed over the second source region, the second source electrode defining a
longitudinal axis; a plurality of second base contact regions defined in the second

source region, each of the plurality of second base contact regions being spaced apart
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fro each other in a direction parallel to the longitudinal axis defined by the second

source electrode, along with all the other limitations of claim 12.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to PAUL E. PATTON whose telephone number is
(571)272-9762. The examiner can normally be reached on 7:00 - 5:30 Monday through
Thursday.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Zandra Smith can be reached on 5§71-272-2429. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

[Zandra V. Smith/ Paul E Patton
Supervisory Patent Examiner, Art Unit 2822 Examiner

Art Unit 2822
IP.E.P{

Examiner, Art Unit 2822
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