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DETAILED ACTION
Amendment
1. Acknowledgement is made of Amendment filed August 6, 2007
Claim Objections
2. Claims 1 and 12 are objected to because of the following informalities: The
claims refer to “a silicone-carbide substrate” which should read - a silicon-carbide
‘substrate—.
Appropriate correction is required.
Claim Rejections - 35 USC § 103
1. 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.

2. Claims 1, 3, 4, 7 - 10, 12, and 13 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.

3 As to claims 1,3,4,9,12, and 13, 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 semiéonductor substrate and having a second concentration of

first type impurities less that the first concentration of first type impurities (n-); a first
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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 greatef than the second concentration
of first type impurities (n) and having a width (L) less th_an about 3 micrometers and a

width of about one micrometer. (Paragraphs [0039] & [0041]).
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FIG. 1

4. Ono does not disclose that the semiconductor substrate is a silicon-carbide
substrate.

5. Kumar is related to a similar MOS FET structure and discloses that the substrate
is a silicon-carbide substrate (Column 1, line 40).

6. Kumar is evidence that a person of ordinary skill in the art would ﬁnq a reason,

suggestion or motivation to use a silicon-carbide substrate.
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7. 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
advantéges such as higher breakdown voltage and lower ON resistance according to
the teachings of Kumar (Column 1, lines 27-30).

8. Ono shows (Ono, Fig 1) the JFET region is formed directly below the gate
structure and beméen 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.

9. Ono as modified by Kumar does not explicitly disclose that a current spreading

- layer is formed on é 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 tyﬁe in the drift region by at least one order of magnitude.

10. 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).
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11.  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.

12.  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 froht 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 rehabahty according to the
teachlngs of Zeng (Column 4, lines 32-39).

13. Asto claims 7 and 8, Ono as modified by Kumar and Zeng discloses and sh.ow's
(Fig 2C) a current spreading layer (103) formed on a front side qf the drift

semiconductor layer (102) wherein the concentration of impurities of the first type is
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greater that the concentration of impurities of the first type in the drift region by at least
one order of magnitude (Zeng, Colﬁmn 2, lines 64-67 & Column 3, lines 4-7).

14.  As to 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.
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15.‘ Claims 11, and 17-20 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 Kobayashi et
al., (US2003/0052329 A1) Kobayashi.

-16. Asto claim 11, Ono a§ modified by Kumar and Zeng does not explicitly disclose
a plurality of source regions and a plurality of base contact regions, wherein the plurality

of source regions and the plurality of base contact regions, form alternating strips of N-
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type doped regions and P-type doped regions, the alternating strips being substéntially
orthogonal to respective source electrodes formed over the first and second source
regions.

17.  Kobayashi shows (Fig 18) a plurality of source regions and a plurality of base
contact regions, wherein the plurality of source regions (15) and the plurality of base
contact regions (21), form alternating strips of N-type doped regions and P-type doped
regions, the alternating strips (17) being substantially orthogonal. to respective source

electrodes formed over the first and second source regions.
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18.  Kobayashi is evidence that a person of ordinary skill in the art would find a
reason, suggestion or motivation to form a plurality of source regions and a plurality of
base contact regions, wherein 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 second source regions.



Application/Control Number: 11/338,007 Page 8
Art Unit: 2822

19.  Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to modify Ono, Kumar and Zeng to form a plurality of
source regions and a plurality of base contact regions, wherein the plurality'r of source
regions and the piufality 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 second source regions for
advantages such as reduced electric field strength according to the teachings of
Kobayashi (Paragraph [0034]).

20.  As to claim 17, Ono as modified by Kumar, Zeng and Kobayashi discloses and
shows (Ono, Fig 1), a double implanted MOS field effect transistor comprising a
semiconductor substrate (10) a drift semiconductor layer (50) formed on a front side of
the semiconductor substrate; a first sourc;e region (20); a second source region (20);
and a JFET Further, Zeng discloses and shows (Fig 2C) a current spreading layer
(103) formed on a front side of the drift semiconductor layer (102). 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 vértical MOSFET and would
be above the current spreading layer and the drift region shown by Zeng. Further,
Kobayashi shows (Fig 18) a plurality of source regions and a plurality of base contact
regions, wherein the plurality of source regions (15) and the plurality of base contact

regions (21), form alternating strips of N-type doped regions and P-type doped regions,
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the alternating strips (17) being substantially orthogonal to respective source electrodes
formed ox)er'the first and second source regions.

21. As td claims18 and 19, Ono as modified by Kumar, Zeng and Kobayashi

’ discloses a current spreading layer 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).

22.  As to claim 20, Ono as modified by Kumar, Zeng and Kobayashi discloses the

JFET region has a width of about three micrometers or less (Ono, Paragraph [0041]).

23.  Claims 5, 14 and 23 are rejected uhder 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).

24. Ono as modified by Kumar'arlxd 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.

25.  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
d~oping 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 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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26. | Tokura is evidence that a persén 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 thét the concentration of the drift region.

27, Th'erefbre, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to modify Ono by héving 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).

28. As to claim 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 impuritieé 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 impur;ties that is greater than
the second concéntration of first type i_mpurities (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).
Zéng 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 5E15 cm™ .(Tokura, Column 10, lines 29-33 &
Column 11, lines 54-58). Note that Tokura does not label the region between the two p-
dbped 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]).

Response to Arguments
29. Inregard to the discussion of claim 1 as amended, the applicant argues that the

combination of Ono, Kumar and Zeng does not render claim 1 obvious. However, the
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argument seems to contradict the assertion in that forming a DMOS transistor using
silicon carbide rather than silicon does, indeed, improve breakdown voltage and reduce
ON resistance as is known in the art. In the instant case Ono and Zeng disclose the
structure of the DMOS device and Kumar teaches the alternative of silicon-carbide with
its klnown advantages. Hence, one of ordinary skill Qvould indeed consider whether their
particular problem would call for silicon-carbide. |

30. ltis further noted that applicant asserts that silicon-carbide devices are limited by
gate oxide failure due to a magnetic field. This is a strange assertion, since it is very
Qell known that the gate oxide would fail due to an electric field intensity not a magnetic
fie!d.-

31.  As to the discussion of the use of a current spreading layer, it is very well known
in the art that current spreading layers are employed to counteract current-“crowding" in
DMOS devices which is a well known performance limiter and failure mode.

32. As to the discussion of claim 12, the same points that apply to claim 1 are
relevant here as well. Claim 12 is obvious over the cited reférences.

33. Asto claim 17, this claim is rejected on the same basis as before. While it is true
that Kobayashi has a drawing with limited detail, The format claimed of the individual
devices laid out in strips is very well known in the art for power transistors. Further, the
source contacts would inherently be laid out orthogonal from the strip direction as can
be also inferred from figure 12 of Tokura.

34. In like manner, claim 23 is obvious on the same basis as claim 1.
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Conclusion

35. © Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the eQent a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory actioh. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

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.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Zandra Smith can be reached on 571;272-2429. The fax phone number for
the organization where this application or proceeding is assigned is 57 1-273-8300.

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 Privaté 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 in'formation
system, call 800-786-9199 (IN USA OR CANADA) or 5?1-272-1000.

Paul E Patton
Examiner

/(/ Art Unit 2822

P

Zandra V. Smith
Supervisory Patent Egam:ner

10 6 2437‘
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