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RECEIVED
0CT 2 0 2003

[}
") OFFICE OF PETITIONS C@?ft&
118 ¢

= Application No. 10/342,576 / )
mme*‘ RANSMITTAL FORM

Filing Date January 14, 2003
(to be used for all correspondence after initial filing) | ;< Named Inventor Daniel E. Grupp

Art Unit 2811
Examiner Name
Total Number of Pages in This Submission 4 Attorney Docket Number | 3771P004 )
.

ENCLOSURES (check all that apply)

7 After Allowance Communication
’ g Fee Transmittal Form I:l Drawing(s) to Group
X ree attached [] Licensing-related Papers O A Rggggg‘;ﬂ‘é’ﬂfgggpeﬁ’cggard

o Appeal Communication to Grou
D Amendment / Response E Petition D (Aﬁg.au Notice, Brlef, Reply Brlaf) P

D After Final Petition to Convert a

lor orl a D Proprietary Information
D Affidavits/declaration(s) Provisional Application

D Power of Attorney, Revocation D Status Letter
o I:’ Extension of Time Request Change of Correspondence Address
D . . . Other Enclosure(s)
- Terminal Disclaimer (please identify below):
A8 D Express Abandonment Request

I:l Information Disclosure Statement D Request for Refund

[] prosssrcs [] co. Number of CDYs)

Certified Copy of Priori
I:‘ Document(s ‘fy ty
D Response to Missing Parts/

Incomplete Application Remarks

D Basic Filing Fee
D Declaration/POA
I:l Response to Missing
Parts under 37 CFR
1.520r1.53
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Tarek N. Fahmi, Reg. No, 41,402
or
Individual name , SOKQIKOFF, TAYLOR & ZAFMAN LLP
Signature // é\ f/ (/
Date {October 14, 2003

CERTIFICATE OF MAILING/TRANSMISSION

| hereby certify that this correspondence is being deposited with the United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to: Mail Stop Petition, Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450.

Typed or printed name | J ennifqr L. Ste\yart

\_Signature )ﬁ“\'(\\&\k \mmﬁ' Date October 14,2003

Based on PTO/SB/21 (08-03) as modi@ Blakel,\ASYlokoft, Taylor & Zafman (wh) 09/1172003.

SEND TO: Commissioner for Patents| P.CJ Box 1450, Alexandria, VA 223 Bxtatisit 1004 Page 56
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TRANSMITTAL
for FY 2003

Effectiva 01/01/2003. Patent feas are subject to ennual revision.

Complete if Known

Application Number

10/342,576

Filing Date

January 14, 2003

First Named Inventor

Daniel E. Grupp

E Applicant claims small entity status. See 37 CFR 1.27.

Examiner Name

NECine o
SrriGE OF PETITION'S

Group/Art Unit 2811
| TOTAL AMOUNT OF PAYMENT ($) 665.00 [Attorney Docket No. 3771P004 )
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
3. ADDITIONAL FEES
Bicheck [ credit card D%y Doter [ nore
E Deposit Account Large Entity Small Entity
. Feo Feo Fea  Feo
Leposit P Codo [ [Codo @ Fee Description Fee Pad
Account 02-266
Number 1051 130 2051 65 Surcharge - late filing fee or cath
§ 1052 50 2052 25 Surcharge - late provisional filing fee or
geposn‘ cover sheet.
fccount | Blakely, Sokoloff, Taylor & Zafman LLP _
ame 2053 130 2053 130 Non-English specification
The Commissioner is authorized to: { check all that apply) 1812 2,520 | 1812 2,520 For filing a request for ex parfe reexamination
- - 1804 920* | 1804 920 * Requesting publication of SIR prior to
E Charge fee(s) indicated below m Credit any overpayments Examiner action
E Charge any additiona! fee(s) required under 37 CFR §§ 1.16, 1.17, 1.18 and 1.20. 1805 1.840* | 1805 1.840 * Requesting publication of SIR after
D Charge fee(s) indicated below, except for the filing fee Examiner action
to the above-identified deposit account 1254 110 2251 55 Extension for reply within first month
FEE CALCULATION 1252 420 | 2252 210 Extension for reply within second month
1. BASIC FILING FEE 1253 950 2253 475 Extansion for reply within third month
Large Entlty Smali Entity 1254 1,480 2254 740 Extansion for reply within fourth month
Feo Fea Foa Fee  FooDescription FeePaid Extension for reply within fifth month
Codo ® Codo Iy 1266 1,210 2255 605 Ply
1404 330 2401 165 Notice of Appeal R
1001 770 2001 385 Utility filing fee 3 165 i ‘ : - |
330 iling a brief in support of an appea
1002 340 | 2002 170 Design filing fee 1402 2402 o PPl PP
1003 510 2003 265  Piant fiing fee 1403 290 2403 145 Request for oral hearing
1004 770 | 2004 385 Reissue fiing fee 1451 1,510 2451 1.510 Petition toinstitute a public use proceeding
1005 160 | 2005 80  Provisional filing fee 1452 110 2452 §5 Petition to revive - unavoidable
1453 1330 2453 665 Petition to revive - unintentional 665.00
SUBTOTAL {1) %) I
1501 1,330 2501 665  Utility issue fee (or reissue)
2. EXTRA CLAIM FEES Feo from 1502 480 2502 240 Design issue fee
Chaims below Fee Paid 1503 640 | 2503 320 Plantissue fee
Total Claims o260 - = 4480 130 | 2460 130 Petitions to the Commissioner
l(l?]ggnp:ndent 3 ° X = 1807 50 1807 50 Processing fee under 37 CFR 1.17(q)
Multiple Dependent = 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Large Entlty Small Entity 8021 40 8021 40 Recording each patent assignment per
oo Too oo Too  Foo property (times number of properties)
Coda & Coda {3} w00 770 | 1goa 385 Filing & submission after final rejection
1202 16 2202 9 Claims in excess of 20 (87 CFR§ 1.126(2)
1201 86 2201 43 Independent claims in excess of 3 1810 770 2810 385 For egch additional invention to be
examined (37 CFR § 1.12%(b))
1203 290 2203 145  Multiple Dependent claim, if not paid tor Conti ination (RCE
1204 86 | 2204 43 *Reissue independent claims over original 1801 770 | 2801 385 Request for Continued Examination (RCE)
patent 1802 000 | 1802 900 Request for expedited examination
, o of a design application
1205 18 2205 9 *'Reissue claims in excess of 20 and over Other fee (specify)
original patent
SUBTOTAL (2) | ) I
* Reduced by Basic Fing Fee Paxd SUBTOTAL {3
**or number previously paid, if greater, For Reissues, see below & ® 665.00

 SUBMITTED BY i 7

. - Complete (if applicable “
Name ity [Tarek Faph A ooy | 41,402 Telephons | (408) 947-8200
LSignature //é‘, / (/\ ’ Date 10/14/03 )

Based on PTO/SB/17 (08-03) as
SEND TO: Commissioner for Pats

fts, P.O. Box 1450, Alexandria, VA 22313-1450

r;?éie’d by Blakely, Solokoff, Taylor & Zafman (wir) 08/11/2003.
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0CT 20 2003
OFFICE OF PETITIONS
PETITION FOR REVIVAL OF AN APPLICATICN FOR PATENT Docket Number (Optional}
ABANDONED FOR FAILURE TO NOTIFY THE OFFICE OF A FOREIGN OR .
' INTERNATIONAL FILING (37 CFR 1.137(f)) 3771P004

First Named Inventor: Daniel E. Grupp
A;;plication No.. 10/342,576 Art Unit: 2811

Fibd: January 14, 2003 Examiner:
Title: Insulated Gate Field Effect Transistor Having Passivated Schottky Barriers To The Channel

Attention: Office of Petitions
Mail Stop Petition _
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
FAX: (703) 308-6916

NOTE: If information or assistance is needed in completing this form, please contact Petitions Information at
(703) 305-9283

The above-identified application became abandoned pursuant to 35 U.S.C. 122(b)(2)(B)iii) for failure to timely notify
the Cffice of the filing of an application in a foreign country or under a multinational international treaty that requires
publication of applications eighteen months after filing. The date of abandonment is the day after the expiration date
of the forty-five (45) day period set in 35 U.S.C. 122{b}(2)(B)iii) .

PURSUANT TO 37 CFR 1.137(f), APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION
UNDER 37 CFR 1.137(b)

1. Petition fee
@ Small entity-fee $665.00 (37 CFR 1.17(m)). Applicant claims small entity status. See 37 CFR 1.27.

[ other than small entity - fee $ (37 CFR 1.17(m)).

2. Notice of Foreign or International Filing (35 U.S.C. 122(b)(2)(B)iii) and 37 CFR 1.213(c})

Subsequent to the filing of the above-identified application, an application was filed in ancther country, or under a
multinational international treaty (e.g., filed under the Patent Cooperation Treaty), that requires publication of applications
eighteen months after filing. The filing date of the subsequently filed foreign or international application is August 8,

2003.
SEND TO: Mall Stop Petitlon, C |8 5i for P P.0O. Box 1450, Alexandrla, VA 22313-1450,
Based on Form PTQ/SB/84a (05-03) as modified by BLAKELY, SOKCOLOFF, TAYLOR & ZAFMAN LLP on 5/13/03.
10/20/2003 AUONDAFL 00000113 10342576 [Page 1 0f 2]
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STATEMENT: The entire delay in filing the required notice of a foreign or international filing from the due date for the
required notice until the filing of a grantable petition under 37 CFR 1.137(b) was unintentional.

[NOTE: The Untied States Patent and Trademark Office may require additional information if there is a question as to
whether either the abandonment or the delay in filing a petition under 37 CFR 1.137(b) was unintentional (MPEP
711.03(c), subsections (II1}C) and (D))].

WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PT0O-2039.

B
October 14, 2003 7 /[

Date o« Signature

Telephone 4
Number: (408) 947-8200 Tarek N. Fahmi, Reg. No. 41,402
Typed or printed name & Registration No.

Blakely, Sokoloff, Taylor & Zafman LLP
12400 Wilshire Boulevard, 7th Floor
Los Angeles, CA 90025

Enclosures: [X] Fee Payment ‘
[ Additional sheets containing statements establishing unintentional delay
(] Other:

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]

| hereby certify that this correspondence is being:

X . deposited with the United States Postal Service on the date shown below with sufficient postage as
first class mail in an envelope addressed to: Mail Stop Petition, Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313.1450.

. transmitted by facsimile on the date shown below to the United States Patent and Trademark Office
at (703) 308-6916.

Date Signature

—October 14,2003 )G&SN\\\AL\?D Dy
U \

Jennifer |, Stewart
Typed or printed name of person signing certificate

_[g_’a?e 2 0f 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
P.O. Box 14580

ALEXANDRIA, VA 2231 3-1450

www,uspto.gov

Paper No. 3

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025 COPY MAILED

0CT 3 12003
In re Application of : OFFICE OF PETITIONS
Danie E. Grupp, et al. :
Application No. 10/342,576 : DECISION GRANTING PETITION
Filed: January 14, 2003 P UNDER 37 CFR 1.137(b)

Attorney Docket No. 3771P004

This is a decision on the petition, filed October 17, 2003, which is being treated as a petition
under 37 CFR 1.137(b) to revive the instant nonprovisional aptplication for failure to timely
notify the U.S. Patent and Trademark (USPTO) of the filing ot an application in a foreign
country, or under a multinational treaty that requires publication of applications eighteen months
after filing. See 37 CFR 1.137(%). .

The petition is GRANTED.

Petitioner states that the instant nonprovisional application is the subject of an application filed in
an eighteen month publication country on August 8, 2003. However, the USPTO was
unintentionally not notified of this filing within 45 days subsequent to the filing of the subject
application in an eighteen month publication country.

In view of the above, this application became abandoned pursuant to 35 U.S.C. §
122(b)(2)(B)(iii) and 37 CFR 1.213(c) for failure to timely notify the Office of the filing of an
application 1n a foreign country or under a multilateral international agreement that requires
publication of applications 18 months after filing.

A petition to revive an application abandoned pursuant to 35 U.S.C. 122(b)(2)(B)(iii) for failure
to notify the USPTO of a foreign filing must be accompanied by:

(1) the required reply which is met by the notification of such filing in a
foreign country or under a multinational treaty;

(2) the petition fee as set forth in 37 CFR 1.17(m); and

(3) a statement that the entire delay in filing the required reply from the due
date of the reply until the filing of a grantable petition was unintentional.

The instant petition has been found to be in compliance with 37 CFR 1.137(b). Accordingly, the
failure to timely notify the USPTO of a foreign or international filing within 45 days after the
date of filing of such foreign or international application as provided by 35 U.S.C. §
122(b)(2)(B)(iii) and 37 CFR 1.213(c) is accepted as having been unintentionally delayed.

The previous Request and Certification under 35 U.S.C. § 122(b)(2)(B)(i) has been rescinded. A
Notice Regarding Rescission of Nonpublication Request which sets forth the projected
publication date of February 12, 2004 accompanies this decision on petition.
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Application No. 10/342,576 Page 2

Any inquiries concerning this decision may be directed to the undersigned at (703)
305-9220.

This application is being forwarded to Technology Center Art Unit 2811 for examination in due
course.

Sherry Y. Brinkley
Petitions*Examiner
Office of Petitions
Office of the Deputy Commissioner
for Patent Examination Policy

ATTACHMENT: Notice Regarding Rescission of Nonpublication Request
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UNITED STATES PaTENT AND TRADEMARK OFFICE o
UNITED STATES DEPARTMENT OF COMMERCE,’
United States Patent and Trademark Office *
Addrens: COMMISSIONER FOR PATENTS
PO, Box 1450
Alexandria, Virginia 22313-1450
ov

wawspio’s

| APPLICATION NUMBER | FILING/RECEIPT DATE |  FrsTNAMED APPLICANT | ATTY. DOCKET NO. 1l
10/342,576 01/14/2003 Daniel E. Grupp 3771P004

CONFIRMATION NO. 9775

08791 000 00 00 R

BLAKELY SOKOLOFF TAYLOR & ZAFMAN ~OC000000011150420"
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025

Date Mailed: 10/31/2003

Communication Regarding Rescission Of Nonpublication Request and/or Notice of
Foreign Filing

Applicant's rescission of the previously-filed nonpublication request and/or notice of foreign filing is

acknowledged. The paper has been reflected in the Patent and Trademark Office's (USPTO's) computer
records so that the earliest possible projected publication date can be assigned.

The projected publication date is 02/12/2004.

If applicant rescinded the nonpublication request before or on the date of "foreign filing,"! then no notice
of foreign filing is required.

If applicant foreign filed the application after filing the above application and before filing the
rescission, and the rescission did not also include a notice of foreign filing, then a notice of foreign filing
(not merely a rescission) is required to be filed within 45 ddys of the date of foreign filing. See 35

U.S.C. § 122(b)(2)(B)(1i1), and Clarification of the United States Patent and Trademark Office's
Interpretation of the Provisions of 35 U.S.C. § 122(b)(2)(B)(ii)-(iv), 1272 Off. Gaz. Pat. Office 22 (July
1, 2003).

If a notice of foreign filing is required and is not filed within 45 days of the date of foreign filing, then
the application becomes abandoned pursuant to 35 U.S.C. § 122(b)(2)(B)(iii). In this situation, applicant
should either file a petition to revive or notify the Office that the application is abandoned. See 37 CFR
1.137(f). Any such petition to revive will be forwarded to the Office of Petitions for a decision. Note
that the filing of the petition will not operate to stay any period of reply that may be running against the
application,

Questions regarding petitions to revive should be directed to the Office of Petitions at (703) 305-9282.
Questions regarding publications of patent applications should be directed to the patent application
publication hotline at (703) 605-4283 or by e-mail pgpub@uspto.gov.

! Note, for purpose of this notice, that "foreign filing" means "filing an application directed to the same invention in another
country, or under a multilateral international agreement, that requires publication of applications 18 months after filing".
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UNITED STATES PATENT AND TRADEMARK OFFICE

:2

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www.uspio.gov

I APPLICATION NO., I FILING DATE [ FIRST NAMED INVENTOR J ATTORNEY DOCKET NO. I CONFIRMATION NO. |
10/342,576 01/14/2003 Daniel E, Grupp 3771P004 9775
8791 7590 12/09/2003 I EXAMINER I

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025

KANG, DONGHEE

I ART UNIT PAPER NUMBER |

2811

DATE MAILED: 12/09/2003

Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)
10/342,576 GRUPP ET AL.

Office Action Summary Examinor Art Unit
Donghee Kang 2811

-- The MAILING DATE of this communication appears on the cover sheat with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136({a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the malling date of this communication.
- Ifthe period for reply specified above is less than thirty (30) days, & reply within the statutory minimum of thirty (30) days will be considered timely.
- I NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1 Responsive to communication(s) filed on 14 January 2003.
2a)[] This action is FINAL. 2b)X This action is non-final.

3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims
4 Claim(s) 1-45 is/are pending in the application.

43) Of the above claim(s) ___is/are withdrawn from consideration.
5[] Claim{s) ____is/are allowed.
6)[] Claim(s) _____is/are rejected.
7Y Claim(s) is/are objected to.

8)X Claim(s) 1-45 are subject to restriction and/or election requirement.
Application Papers

9)] The specification is objected to by the Examiner.
10)(J The drawing(s) filed on isfare: a)_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s} be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

‘Priority under 35 U.S.C. §§ 119 and 120

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or {f).
a)(J Al b)[J Some * ¢c)0 None of:
1.[_] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. .
3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
3)[3 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.
a) ] The translation of the foreign language provisional application has been received.
14)] Acknowtedgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s)
1) D Notice of References Cited (PT0O-892) 4) [:] Interview Summary (PTO-413) Paper No(s). ______
2) D Notice of Draftsperson’s Patent Drawing Review (PT0O-848) 5) D Notice of Informal Patent Application (PTO-152)
3 Infi tion Discl t(s) (PTO-1449) P N O
) D nformation Disclosure Statement(s) ( ) Paper o(s'._? A Page 64 6) D ther:

U.S. Patent and Trademark Office
PTOL-326 {Rev. 11-03) Office Action Summary Part of Paper Ne. 4



Application/Control Number: 10/342,576 Page 2
Art Unit; 2811

DETAILED ACTION
Election/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

L. Claims 1-16 & 34-45, drawn to a semiconductor device, classified in class 257,
subclass 330.

I1. Claims 17-33, drawn to a method of making a semiconductor device, classified in
class 438, subclass 259.
2. The inventions are distinct, each from the other because of the following reasons:
Inventions 1l and | are related as process of making and product made. The inventions
are distinct if either or both of the following can be shown: (1) that the process as
claimed can be used to make other and materially different product or (2) that the
product as claimed can be made by another and materially different process (MPEP §
806.05(f)). In the instant case, the product as claimed can be made by reverse order,
such as forming source/drain terminal, forming interface layer and then forming channel.
3. Because these inventions are distinct for the reasons given above and have
acquired a separate status in the art as shown by their different classification, the
search required for Group | is not required for Group |l, and separated examination
would be required, restriction for examination purposes as indicated is proper.
4, Applicant is advised that the reply to this requirement to be complete must
include an election of the invention to be examined even though the requirement be

traversed (37 C'FR 1.143).
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Application/Control Number: 10/342,576 Page 3
Art Unit: 2811

5. Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or mere of the currently named inventors is no Ibnger an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

6. Any inguiry concerning this communication or earlier communications from the
examiner should be directed to Donghee Kang whose telephone number is 703-305-
9147. The examiner can normally be reached on Maxiflex.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Eddie C Lee can be reached on 703-308-1690. The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

Any inquiry of a general nature or relating to the status of this application or

proceeding should be directed to the recepticnist whose telephone number is 703-308-

0956.
&‘mj—pﬁyk"
Donghee Kang
Examiner
Art Unit 2811
dhk
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JAN 12 2004

Application Ne. 10/342,576
TRANSMITTAL FORM

Filing Date January 14, 2003
{to be used for all correspondence after initial fiiing)

Daniel E. Grupp
2811

First Named Inventor
Art Unit

Examiner Name

Kang, Donghee
Total Number of Pages in This Submission
R \,

3771P004

7

Attorney Docket Number

ENCLOSURES (check all that apply)

D After Allowance Communication
I:l Fee Transmittal Form D Drawing(s} to Group
[] Fee Attached

D Licensing-related Papers

D APReal Communication to Board
of Appeals and Interferences
E Amendment / Response I:I Petition

I:I Appeal Communication to Group
{Appeal Notice, Brief, Raply Brief)
I:I After Final

Petition to Convert a D Proori .
101 e d prietary Information
l:l Affidavits/declaration(s) Provisional Application

| | Power of Attorney, Revocation I I Status Letter
. . Change of Corre)s’pondence Address
Extension of Time Request

D Terminal Disclaimer D Other Enclosure(s)
! lease identify below):
D Express Abandonment Request G fy bolow)

D tnformation Disclosure Statement D Request for Refund

[] prosseios

D Certified Coey of Priority

[] cD. Number of CD(s)
Document(s

—

et
-
“
P

I:l Response to Missing Parts/

™
- )
5 =0
? 0 . ool 1 B
incomplete Ap?llca?tvlon Remarks ‘c—“:‘- = 'j‘
D Basic Filing Fee ' A -1
D Declaration/POA - < < =
. m :
Response to Missing v E« Eg m
D Parts under 37 CFR : ™ ‘:'?- =
1.52 or 1.53 , Lo
SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT f b=
Firm Tarek N. FahmjReg. No. 41,402
or
Individual name B},AI;ZELX, OKOLOFF, TAYLOR & ZAFMAN LLP
Signature 4 }/ ,}/l ’
i
Date Jal{uary 9, 20&/\'

CERTIFICATE OF MAILING/TRANSMISSION

| hereby certify that this correspondence is being depesited with the United States Postal Service on the date shown below with
sufficient postage as first class mail in an envelope addressed to: Mail Stop Non-Fee Amendment, Commissioner for Patents, P.O,
Box 1450, Alexandria, VA 22313-1450. -

Typed or printed nam

\_ Signature ~

Patricia A. Balero

(@)')Yia

! Date
BIake koff, Taylor & Zafman {wir) 09/11/2003.
SEND TO:; Commissioner for Patents, P.O. Box 1458

Alexandria, VA 223Bxt##8it 1004 Page 67
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. ; 10/342,576 Confirmation No.: 9775 3 2
Applicant : Daniel E. Grupp L ’%, ‘3';_;_ F’,.}
Filed : January 14, 2003 c, ;’) M

L —
TC/A.U. : 2811 ?J o e
Examiner : Kang, Donghee ‘-j‘ | c% % \’5

- = 2

Docket No. : 3771P004 - '«i\:\
Customer No. : 08791 =4

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO RESTRICTION REQUIREMENT

Sir;
In response to the restriction requirement mailed December 9, 2003, please amend the

above-identified application as follows:

Amendment to the Claims are reflected in the listing of claims which begins on page 2 of this
paper.

Remarks/Arguments begin on page 6 of this paper.

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class

mail with sufficient postage in an envelope addressed to the Assistant Commissioner for Patents, Washington,
D.C. 20231 .

on January 9, 2004
Date of Deposit’
< Patricia A. Balero
arfe\pf Person Mailing Correspondence
1/9/04
1 e Date
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1. (Original) A transistor, comprising a semiconductor channel disposed (i) nearby a gate
configured to control conductance within the channel and (ii) in an electrical path
between a source and a drain, at least one of which is made of a metal, wherein the
channel and whichever of the source and/or the drain is/are made of the metal is/are
separated by an interface layer so as to form a channel - interface layer — source/drain
junction in which a Fermi level of the semiconductor channel is depinned in a region near
the junction and the junction has a specific contact resistance of less than approximately

1000 Q -um’.

2. (Original) The transistor of claim 1 wherein the semiconductor channel is made of one of Si,

Ge, SiGe, SiGeC, or SiC.

3. (Original) The transistor of claim 1 wherein the metal comprises one of a pure metal, an alloy,

or a refractory metal.
4. (Original) The transistor of claim 1 wherein the metal comprises aluminum.

5. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 100 Q — um>.

6. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 50 @ -um’.

7. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 10 @ -pm’.

8. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 1 Q-pnr’.
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9. (Original) The transistor of claim 1 wherein the interface layer includes a passivating

material.

10. (Original) The transistor of claim 9 wherein the passivating material comprises one or more
of a nitride of the semiconductor of the channel, a fluoride of the semiconductor of the channel,
an oxide of the semiconductor of the channel, an oxynitride of the semiconductor of the channel,
a hydride of the semiconductor of the channel and/or an arsenide of the semiconductor of the

channel.

11. (Original) The transistor of claim 10 wherein the interface layer consists essentially of an
amount of passivating material sufficient to terminate enough dangling bonds of a surface of the

semiconductor channel so as to achieve chemical stability of the surface.

12. (Original) The transistor of claim 10 wherein the interface layer consists essentially of a

monolayer configured to depin the Fermi level of the semiconductor of the channel.

13. (Original) The transistor of claim 12 wherein the interface layer has a thickness sufficient to

reduce effects of metal-induced gap states in the semiconductor channel.

14. (Original) The transistor of claim 9 wherein the interface layer further includes a separation

layer.

15. (Original) The transistor of claim 14 wherein the separation layer has a thickness sufficient

to reduce effects of metal-induced gap states in the semiconductor channel.

16. The transistor of claim 1 wherein the semiconductor channel is separated from the gate by a

dielectric.

17 — 33 (Cancelled)
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34. (Original) An electrical system comprising a circuit coupled to a transistor having a
semiconductor channel disposed nearby a gate and in an electrical path between a source and a
drain, at least one of which is made of a metal, wherein the channel and whichever of the source
and/or the drain is/are made of the metal is/are separated by an interface layer so as to form a
channel - interface layer — source/drain junction in which a Fermi level of the semiconductor
channel is depinned in a region near the junction and the junction has a specific contact resistance

of less than approximately 1000 Q -pum®,

35. (Original) The electrical system of claim 34 wherein the semiconductor channel is separated

from the gate by a dielectric.

36. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 100 Q— um?.

37. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 50 Q-pm’.

38. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 10 Q-um’.

39. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 1 -um’.

40. (Original) The electrical system of claim 35 wherein the semiconductor channel is made of

one of S1,Ge, SiGe, SiGeC, or SiC.

41. The electrical system of claim 35 wherein the interface layer includes a passivating material.
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42. (Original) The electrical system of claim 41 wherein the interface layer includes a separation

layer comprising a material different than the passivation material.

43. (Original) The electrical system of claim 41 wherein the interface layer has a thickness

sufficient to reduce effects of metal-induced gap states in the semiconductor channel.

44, (Original) The electrical system of claim 41 wherein the interface layer comprises an amount
of passivating material sufficient to terminate all or a sufficient number of dangling bonds of the
semiconductor channel to achieve chemical stability of a surface of the semiconductor channel in

the region near the junction.

45. (Original) The electrical system of claim 44 wherein amount of passivating material

comprises a monolayer.
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Applicant hereby elects claims 1-16 and 34-45 (Group 1) for prosecution in this
application. Please cancel claims 17-33 without prejudice.
If there are any additional charges, please charge Deposit Account No. 02-2666.

Respectfully submitted,

/94703 /SOKO
Date: l// Q 2004 /n

arek I'<I Fahmi
Reg. No. 41,402

F, TAYLOR & ZAFMAN LLP

12400 Wilshire Blvd.

Seventh Floor
Los Angeles, CA 90025-1026

(408) 947.8200

Exhibit 1004 Page 73

Clients/AcornTechnologies/3771P004/ResponseAsFiledP004



L Hits | Search Text DB Time stamp
Number
1 30| (("3116427") or ("4631352") or USPAT 2004/02/03
("4675711") or ("4751563") or ("4837604") 12:23
or ("4935804") or ("5019530") or
("5258625") or ("5291274") or ("5401980")
or ("5422496") or ("5475341") or
("5589692") or ("5596206") or ("5604154")
or ("5608231") or ("5612233") or
("5646420") or ("5646559") or ("5665979")
or ("5677637") or ("5705827") or
("5710051") or ("5731598") ox ("5754077")
or ("5834793") or ("5844279") or
("5877511") or ("5963471") or
("5972744")) .PN.
2 674 | 257/25,27,104.ccls. USPAT; 2004/02/03
US-PGPUB; 12:24
EPO; JPO;
DERWENT;
IBM_TDB
- 1067 | 257/330,332.ccls. USPAT; 2004/02/03
US-PGPUB; 10:13
EPO; JPO;
DERWENT;
IBM_TDB
- 21| (("3590471") or ("3708360") or USPAT 2004/02/03
("4300152") or ("4485550") or ("5399206") 10:19
or ("5612567") or ("5663584") or
("5801398") or ("5888891") or ("5939763")
or ("6037605") or ("6096590") or
("6150286") or ("6198113") or ("6207976")
or ("6261932") or ("6291866") or
("6291867") or ("6303479") or ("5596218")
or ("5578848")) .PN. ’
- 1550 | transistor and fermi adjl level USPAT; 2004/02/03
US-PGPUB; 10:22
EPO; JPO;
DERWENT;
IBM_TDB
- 30 | ((transistor and fermi adjl level) and USPAT; 2004/02/03
metal) and interface adjl layer US-PGPUB; 10:22
EPO; JPO;
DERWENT;
IBM_TDB
- 1187 | (transistor and fermi adjl level) and USPAT; 2004/02/03
metal US-PGPUB; 11:15
EPO; JPO;
DERWENT;
IBM_TDB
- 12 | depinned USPAT; 2004/02/03
US-PGPUB; 11:16
EPO; JPO;
DERWENT;
IBM_TDB
- 11951 257/24,30,37,38,39.ccls. USPAT; 2004/02/03
US-PGPUB; 12:19
EPO; JPO;
DERWENT;
IBM TDB

Exhibit 1004 Page 74

Search History

2/3/04 12:50:35 PM

Page 1

C:\APPS\EAST\Workspaces\10342576.wsp




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WwWw. uspto.gov

r APPLICATION NO. [ FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/342,576 01/14/2003 Daniel E. Grupp 3771P004 9775
8791 7590 02/13/2004 | EXAMINER |

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025

KANG, DONGHEE

| ART UNIT I PAPER NUMBER I

2811

DATE MAILED: 02/13/2004

Please find below and/or attached an Office communication concerning this application or proceeding.

Exhibit 1004 Page 75

PTO-90C (Rev. 10/03)



M

Application No. Applicant(s)
10/342,576 GRUPP ET AL.

Office Action Summary Examin T Art Unit
Donghee Kang 2811

-- The MAILING DATE of this communication appears on the cov r sh et with the correspondence addr ss --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1N Responsive to communication(s) filed on 12 January 2004.
2a)[] This action is FINAL. 2b)[X This action is non-final.
3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-16 and 34-42 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5] Claim(s) ______is/are allowed.
6)X Claim(s) 1-13,16,.34-41 and 43-45 is/are rejected.
7)X Claim(s) 14.15 and 42 is/are objected to.
8)] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 14 January 2003 is/are: a)[] accepted or b)[X] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
1] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

2)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(J Al b)(J Some * ¢)J None of:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the international Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) X Notice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413)

2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____

3) O information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) ] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date _____. Exhibit 1004 Page 78) D Other: ______

U.S. Patent and Trademark Office
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Application/Control Number: 10/342,576 Page 2
Art Unit: 2811

DETAILED ACTION
Continuing Domestic Data
1. Acknowledgment is made that this application is a continuation-in-part of
Application Serial No. 10/217,758, filed 12 August 2002.
Election/Restrictions
2. Applicant’s election without traverse of Group | (Claims 1-16 & 34-45) filed
January 12, 2004 is acknowledged. Claims 17-33 are cancelled.
Drawings

3. The drawings are objected to under 37 CFR 1.83(a). The drawings must show
every feature of the invention specified in the claims. Therefore, the limitation “the
interface layer further includes a separation layer” in claims 14 & 42 must be shown or
the feature(s) canceled from the claim(s). No new matter should be entered.

A proposed drawing correction or corrected drawings are required in reply to the
Office action to avoid abandonment of the application. The objection to the drawings
will not be held in abeyance.

Claim Rejections - 35 USC § 102

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

5. Claims 1-13, 16, 34-41 & 43-45 are rejected under 35 U.S.C. 102(b) as being

anticipated by Grupp (US 6,198,113).
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Application/Control Number: 10/342,576 Page 3
Art Unit: 2811

Re claims 1, 5-8, 34 & 36-39, Grupp teaches a transistor (Fig.1), comprising a
semiconductor channel (26) disposed nearby a gate (24) configured to control
conductance within the channel and in an electrical path between a source (28) and a
drain (30), at least one of which is made of a metal, where the channel and whichever of
the source and the drain are made of the metal are separated by an interface layer (34
& 36) so as to form a channel-interface layer-source/drain junction in which a Fermi
level of the semiconductor channel is depinned in a region near the junction and the
junction has a specific contact resistance of less than approximately 1000 Q. Col 4, line
61 — Col.6, line 58.

Re claims 2 & 40, Grupp teaches the semiconductor channel is made of Si.

Re claim 3, Grupp teaches the metal comprises metal.

Re claim 4, Grupp teaches the metal comprises aluminum.

Re claims 9-13, 41 & 43-45, Grupp teaches the interface layer comprises an
oxide of the semiconductor of the channel.

Re claims 16 & 35, Grupp teaches the semiconductor channel is separated from
the gate by a dielectric (22).

Allowable Subject Matter
6. Claims 14-15 & 42 are 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.

Grupp fails to teach or suggest the interface layer includes a separation layer

comprising a material different than the passivation material.
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Application/Control Number: 10/342,576 Page 4
Art Unit: 2811

Conclusion
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Donghee Kang whose telephone number is 571-272-
1656. The examiner can normally be reached on Maxiflex.

If attempts to reach the examiner by telephone ére unsuccessful, the examiner’s
supervisor, Eddie C Lee can be reached on 703-308-1690. The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

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

Yy s e

Donghee Kang
Examiner
Art Unit 2811

Business Center (EBC) at 866-217-9197 (toll-free).

dhk
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 10/342,576

Inventors: Daniel E. Grupp et al.

I hereby certify that this correspondence is being
deposited with the United States Postal Service as
first class mail with sufficient postage in an envelope
addressed to the Commissioner for Patents, P.O. Box

Filed: January 14, 2003

TC/A.U.: 2811 1450, Alexandria, VA 22313-1450.
Examiner: Kang, Donghee on April 8. 2004
Date of Deposit
Docket No.: Patricia A. Balero
Customer No.: 08791 \\ me of Person Mailing Correspondence
Confirmation No.: 2811 “H\O
Signature Date

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450.

AMENDMENT

Sir;

In response to the Office action of February 13, 2004, please amend the above-identified

application as follow:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims which begins on page 3 of this

paper.
Amendments to the Drawings begin on page 8 of this paper.
Remarks/Arguments begin on page 9 of this paper.

An Appendix including amended drawing figures is attached following page 10 of this paper.
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Amendments to the Specification

Please replace paragraph [0043] with the following amended paragraph:

[0043] As discussed above, the channel 220 contains a semiconductor material. The term
semiconductor is used to refer to a material having a bandgap that is greater than about 0.1
electron volts and less than about 4 electron volts. Exemplary semiconductors that are
contemplated include Si, Ge, SiGe or SiC. The semiconductor material may have a wide range
of doping levels including no doping at all. The interface layers 230 and 240 each contain a
passivation material that provides passivation to the channel 220 by covalently bonding with a
dangling bond of a surface semiconductor atom to fully codrdinate the semiconductor atom and
thereby help passivate the semiconductor atom. The passivation material is preferably selected
from the group consisting of a hydride, a nitride, an arsenide, an oxide and a fluoride of the
semiconductor channel 220. Depending on the passivation material selected (e.g., where H, As
or F are used as passivation materials), a separation layer 242 in addition to a passivation layer
244 within the interface layers 230-and-240 may be needed. Of course, the combination of the .
passivation layer and the separation layer must be sufﬁéiently thin to permit the low specific
contact resistances described in the above-cited patent application. Further details regarding the
formation of an interface layer may be found in the above-cited patent application and will not be

repeated herein.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of the claims in the

application:

1. (Amended) A transistor, comprising a semiconductor channel disposed (i) nearby a gate
configured to control conductance within the channel and (ii) in an electrical path between a
source and a drain, at least one of which is made of a metal, wherein the channel and whichever
of the source and/or the drain is/are made of the metal is/are separated by an interface layer so as
to form a channel — interface layer — source/drain junction in which a Fermi level of the

semiconductor channel is depinned in a region near the junction, and-the junction including a

passivated semiconductor surface has and having a specific contact resistance of less than

approximately 1000 @ -pm?.

2. (Original) The transistor of claim 1 wherein the semiconductor channel is made of one of Si,

Ge, SiGe, SiGeC, or SiC.

3. (Original) The transistor of claim 1 wherein the metal comprises one of a pure metal, an

alloy, or a refractory metal.
4. (Original) The transistor of claim 1 wherein the metal comprises aluminum.

5. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 100 Q -pm?®.

6. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 50 Q -pum?>.

7. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 10 2 - pm?.
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8. (Original) The transistor of claim 1 wherein the specific contact resistance is less than or

equal to approximately 1 Q -um?.

9. (Original) The transistor of claim 1 wherein the interface layer includes a passivating

material.

10. (Original) The transistor of claim 9 wherein the passivating material comprises one or more
of a nitride of the semiconductor of the channel, a fluoride of the semiconductor of the channel,
an oxide of the semiconductor of the channel, an oxynitride of the semiconductor of the channel,
a hydride of the semiconductor of the channel and/or an arsenide of the semiconductor of the

channel.

11. (Original) The transistor of claim 10 wherein the interface layer consists essentially of an
amount of passivating material sufficient to terminate enough dangling bonds of a surface of the

semiconductor channel so as to achieve chemical stability of the surface.

12. (Original) The transistor of claim 10 wherein the interface layer consists essentially of a

monolayer configured to depin the Fermi level of the semiconductor of the channel.

13. (Original) The transistor of claim 12 wherein the interface layer has a thickness sufficient to

reduce effects of metal-induced gap states in the semiconductor channel.

14. (Original) The transistor of claim 9 wherein the interface layer further includes a separation

layer.

15. (Original) The transistor of claim 14 wherein the separation layer has a thickness sufficient

to reduce effects of metal-induced gap states in the semiconductor channel.

16. (Original) The transistor of claim 1 wherein the semiconductor channel is separated from the

gate by a dielectric.
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17 — 33 (Cancelled)

34. (Amended) An electrical system comprising a circuit coupled to a transistor having a
semiconductor channel disposed nearby a gate and in an electrical path between a source and a
drain, at least one of which is made of a metal, wherein the channel and whichever of the source
and/or the drain is/are made of the metal is/are separated by an interface layer so as to form a
channel — interface layer — source/drain junction in which a Fermi level of the semiconductor

channel is depinned in a region near the junction, and the junction has including a passivated

semiconductor surface and having a specific contact resistance of less than approximately 1000

Q-pm?.

35. (Original) The electrical system of claim 34 wherein the semiconductor channel is separated

from the gate by a dielectric.

36. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 100 € -pum>.

37. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 50 € -pm>.

38. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 10 @ -um?.

39. (Original) The electrical system of claim 35 wherein the specific contact resistance is less

than or equal to approximately 1 @ -um?.
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40. (Original) The electrical system of claim 35 wherein the semiconductor channel is made of

one of Si,Ge, SiGe, SiGeC, or SiC.

41. (Original) The electrical system of claim 35 wherein the interface layer includes a passivating

material.

42. (Original) The electrical system of claim 41 wherein the interface layer includes a separation

layer comprising a material different than the passivation material.

43. (Original) The electrical system of claim 41 wherein the interface layer has a thickness

sufficient to reduce effects of metal-induced gap states in the semiconductor channel.

44, (Original) The electrical system of claim 41 wherein the interface layer comprises an amount
of passivating material sufficient to terminate all or a sufficient number of dangling bonds of the
semiconductor channel to achieve chemical stability of a surface of the semiconductor channel in

the region near the junction.

45. (Original) The electrical system of claim 44 wherein amount of passivating material

comprises a monolayer.

46. (New) The transistor of claim 1 wherein the metal in the source and/or the drain has a

workfunction near a conduction band of the semiconductor channel.

47. (New) The transistor of claim 1 wherein the metal in the source and/or the drain has a

workfunction near a valence band of the semiconductor channel.
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48. (New) The electrical system of claim 34 wherein the metal in the source and/or the drain has

a workfunction near a conduction band of the semiconductor channel.

49. (New) The transistor of claim 34 wherein the metal in the source and/or the drain has a

workfunction near a conduction band of the semiconductor channel.
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Amendments to the Drawings:

The attached sheet of drawings includes changes to Fig. 2. This sheet, which includes Figs. 1 and
2, replaces the original sheet including Figs. 1 and 2. In Figure 2, previously omitted elements

242 and 244 have been added.

Attachment: Replacement Sheet
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REMARKS

Reconsideration of this application, as amended, is respectfully requested. New claims 46
— 49 are supported by the specification as originally filed, for example in paragraph 31.
Likewise, the amendments to claims 1 and 34 are supported by the specification as originally

filed, for example at paragraphs 30, etc. No new matter is added by these amendments.

On April 7, 2004, during a telephone interview with Examiner Kang, the undersigned and

the inventors discussed the distinctions between the present invention and the cited art of record.

As indicated above, Figure 2 has been amended to show separation layer 242 and
passivation layer 244, which make up interface layer 240 (for example), as requested in the
Office Action. Paragraph 43 of the specification has been amended to correspond to these
changes in the drawing. Because the subject matter now reflected in figure 2 was explicitly
described in the specification as originally filed, these amendments do not introduce new matter
and are being made simply for convenience and to comply with the request set forth in the

Office Action.

Claims 1-13, 16, 34-41 and 43-45 have been rejected under 35 USC 102(b) as being
anticipated by Grupp, US Patent 6,198,113. However, to anticipate a claim, the reference must
teach every element of the claim. Stated differently, “A claim is anticipated only if each and
every element as set forth in the claim is found, either expressly or inherently described, in a
single prior art reference.” Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2
USPQ2d 1051, 1053 (Fed. Cir. 1987). In the present case, independent claims 1 and 34 each

recite subject matter that is not found (either explicitly or inherently) in Grupp.

Specifically, claims 1 and 34, as amended, each recite depinning of the Fermi level of a
semiconductor channel in a region near a junction that includes a passivated semiconductor
surface. On the other hand, Grupp describes a device having a metal source/drain separated from
a semiconductor island by tunnel junctions. These are not inherently the same thing. As

explained in the present application, Fermi level depinning involves, in part, passivation of a
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material surface by satisfying “dangling bonds”. Grupp’s tunnel junctions do not inherently
provide such passivation, and there is no teaching or suggestion in the reference to indicate
otherwise. All that is required is that the tunnel junctions ohmically isolate the semiconductor
island. Consequently, because the cited reference does not specifically teach depinning of the
Fermi level at least in part by passivation of surface states and because such a condition is not

inherent in the structure described in the reference, the claims are patentable over the reference.

In addition, each of claims 1 and 34 recites a junction having a specific contact resistance
of less than approximately 1000 @-um?®. On the other hand, Grupp describes a device having a
resistance of, in some cases, less than 1000 Q. See, e.g., Grupp at col. 6, 1. 30-32. The quantities
of resistance and specific contact resistance are mutually independent as is evident by the fact
that each recites different units of measure compelled by different physical phenomena.

Accordingly, Grupp does not anticipate the present claims.

If there are any additional fees associated with this communication, please charge our

Deposit Account No. 02-2666.

Respectfully submitted,

BLAKELY,?S%O/FF, TAYLOR & ZAFMAN LLP
Dated: April 8, 2004 7 o ;

Tﬁr/ek N. Fahmi
Reg. No. 41,402

12400 Wilshire Blvd.
Seventh Floor

Los Angeles, CA 90025-1026
(408) 947-8200
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(%) Compound semiconductor surface termination.

¥=@ A surface termination of a compound semicon-
' <ductc:)f is provided wherein conditions are provided
O for a pristine surface to be retained in an unpinned
) condition and a surface layer of a non-metallic ma-
s q.terial is provided. A GaAs substrate is heated in an
LD oxygen-free atmosphere at high temperature with
aN’hydrogen sulfide. producing a pristine surface with a
coating of gallium sulfide covered with a 1,000 nano-
& meter covering of low temperature plasma enhanced
n_chemical vapor deposited silicon dioxide.
(F V]
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COMPQOUND SEMICONDUCTOR SURFACE TERMINATION

The invention relates to semiconductor devices
fabricated of compound semiconductor materials
and to the surfaces of those semiconductor materi-
als that influence the fabrication of devices.

The design and operation of compound semi-
conducter devices are influenced by a number of
factors, a principal one being the properties of the
exposed semiconductor surface and of interfaces
betwesn the semiconductor crystal and metals or
insulators.

In such compound semiconductor devicss, on
the surface of the semiconductor crystal, the Farmi
level is pinned at some characteristic energy and
this produces the undesirable effect of both carrier
recombination at the surface and an inherent bar-
rier. The devslopment of a number of otherwise
possible and useful devices and device structures
have been prevented by these conditions and a
more nearly ideal interface, that is one whose Fer-
mi level may be moved fresly and has low recom-
bination velocity is required.

There has been effort directed to the problem.
The effort usually is called passivation and the
result is the providing of a covering member over
the compound semiconductor crystai surface.

The work in the art indicates responsiveness to
the presence of the element sulfur.

In U.S. Patent 4,354,198, it is taught that on a
Group HI-V compound semiconductor, such as
GaAs, a Group H-VI semiconductor operates to
passivate the surface, with the preferred Group II-Vi
compound being ZnS.

Further work indicates a need for care in the
fisid. In an article in the Journal of Vacuum Science
& Technology, Volume 17, No. 5, p.1134,
Sept/Oct. 1980, there is described the fact that
exposure of GaAs t© Hz2S in vacuum unpins the
- Fermi level and that this effect persists after the
adding of Al In another article in the Journal of
Vacuum Science & Technology, Vol. B3, No. 4,
July/Aug. 1985, p.1197, studies and data indicate
the fact that for GaAs. arsenic must be removed or
the rosults become unpredictable In yet another
article, in the Journai of Vacuum Science and
Technology, Vol. 19, 1981, p.794, it is shown that
native oxides of Ga and As which form in the
presence of O are associated with Fermi level
pinning. Thus, O behaves in a detrimental way.

The use of sulfur compounds to passivate
Group llI-V compound semiconductors has besen
reported Applied Physics Letters, July 1887,
wherein data is advanced that lithium suifide, am-
monium sulfide and sodium sulfide provide ime
provement in the GaAs surface recombination

property.
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The sulfur compound type further passivation
work is reported in Applied Physics Letters, July
1987, describing the use of sodium sulfide in an
aqueous solution applied at surface electrode loca-
tions to provide passivation.

FIG. 1 is a schematic view of a compound
semiconductor crystal illustrating a surface with the
elements of the invention.

FIG. 2 is an illustration of a band diagram of
a tunneling type contact achievable with the inven-
tion.

F1G. 3 is an illustration of a variable barrier
height contact achievable with the invention

FIG. 4 is an illustration of passivation in 2
planar structure where a p-n junction is at the
surface. . . , )

F1G. 5 is a schematic illustration of the ap-
plication of the invention to a metal oxide semicon-
ductor field effect transistor.

FIG. 6 is a schematic illustration of the ap-
plication of the invention to the passivation of a
bipolar transistor.

FIG. 7 is a schematic illustration of the ap-
plication of the invention to the passivation of a
light emitting device.

FIG. 8 is a schematic illustration of the ap-
plication of the invention to the passivation of a
semiconductor structure smploying a2 small dimen-
sion, quantum wire type feature.

The invention provides a surface termination
capability for a variety of compound semiconductor
device structures in which there is recognized that

_,there are several interdependent factors that are
responsible and that useful termination properties

include compatibility with the device being fab-
ricated.

The invention structuraily employs a very thin
Fermi level pinning control layer of a material that
unpins the Fermi level of the compound semicon-
ductor material at the surface. This layer should be
on the arder of a monolayer in thickness. A mon-
olayer layer of a material may be défined as one
surface atom for each surface atom of the material
on which it is positioned. The quantity needed for
coverage is sensitive to crystallographic crientation.
For compatibility with devics fabricating the pinning
control layer would preferably be thin enough not
to attenuate light and permit tunneling for ohmic
contact performance. A quantum mechanical tun-
neling thickness of the order of 2 nm would be
satisfactory. The term pristine crystal surface refers
to a damage-free uncontaminated crystal surfacs.
The layer of unpinning material is covered with a

Exhibit 16&4:?%6 I@qer of a non-metallic material. The non-
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reaction inertness and transiucence properties.

The resuiting compound semiconductor crystal
‘with the surface termination structure of the inven-
tion can serve as an:intermediate manufacturing
product in the fabrication of compound semicon-
ductor devices. )

The factors influencing the surface problem
may be viewed in the light of the following princi-
ples. In order to facilitate communication, the -V
compound GaAs has been selected for illustration
aithough in the light of the principles involved,
translation to other semiconductor materials wiil be
readily apparent.

The first factor is that there exists at a com-
pound semiconductor surface an agent responsible
for moving the Fermi level away from the normal
which is the position in the absence of any surface
charge and producing the phenomenon in the art
known as Fermi level pinning. [n the case of GaAs,
this agent appears to be an excess of one or more
of the components of the compound semiconductor
crystal. in view of this, surface termination for prac-
tical device purposes will require the removal of
any such agent at that surface. The semiconductor
surface is to be pristine. :

A second factor is that the compound semicon-
ductor surface will react with the ambient and be-
come contaminated uniess steps are taken by pro-
tecting with a coating of material that insures that
the Fermi level remain in an unpinned condition
both on the shelf and in conditions of use, such as
in the presence of the materials at the device
interface.

The third factor is that generally materials that
will control the pinning condition must be able to.
be compatible with other functional purposes in
device fabrication and there may be conditions of
material properties and layer thickness incompati-
bility. in accordance with the invention where such
conditions are encountered, a layer is applied to
provide the required properties.

The resulting muitilayer termination structure of
the invention is capable of being employed in a
variety of compound semiconductor device struc-
tures because the elimination of the Fermi level
pinning condition enables the formation of ideal
interfaces where barrier height to conduction is no
longer constant but depends on the relative work
functions of the materials. This in turn provides the
ability to selectably form such interfaces as ohmic
contacts, selectable barrier height rectifying con-
tacts, and selectable threshold inversion channel
carrier control in devices.

Referring to FIG. 1, on a compound semicon-
ductor substrate 1, at a pristine surface 2, that is at
a surface 2 where there is essentiailly no damage
and essentiaily no extraneous material, there will
be no pinning agent species, a layer of material
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that retains the Fermi Igvel in the normal position is
applied. The layer for device fabrication and perfor-
mance compatibility is a very thin, of the order of a
monolayer in thickness layer of a material 3 for
coverage and is preferably for tunneling purposes
of less than tunneling thickness.

Over the layer 3, a layer 4 is provided The
layer 4 is selected to provide dielectric, ambient
reaction inertness and transiucence properties. It is
non-metallic and may be a semiconductor or an
insulator.

In accordance with the invention, the com-
pound semiconductor may be a compound of Ga,
Al or In with As or Sb or ternary and quaternary
ailoys thereof.

The layer 3 is a compound of a cation ingre-
dient with respect to the compound semiconductor
together with one of S, Se and Te. In a compound
semiconductor, the element of the lower group of
the periodic table is the cationic ingredient. For one
example, a compound of Ga with S. For another
example, the lfayer 3 can be a cation oxide such as
Gaz03 for a GaAs crystal, if the anion oxide which
for GaAs would be As.Qs; plus any excess anion
such as As are removed before or during formation
of the unpinning layer.

The layer 4 is non-metallic and may bs such
materials as low temperature plasma enhanced
Si02, CaF,, NaS, ZnS, GaP, GaSe and polyimides.

In the fabrication of the invention, the substrate
1 may be rendered pristine and free of the pinning
producing species in, as examples, the following
ways, using GaAs as the example: j

by heating the crystal with an arsenic coat-
ing at about 400 " C for about 10 seconds
in vacuum. This procedure produces a
surface reconstruction such that the sur-
face unit cell is equivalent to the bulk unit
cell and removes the cause of the Fermi
level pinning;

by treatment with zinc¢ selenide in a heam
that tends to strip the arsenic from the
surface;

by exposure to an ambient of hydrogen
suifide at high temperatures;

by the etching of the surface with acids
and bases; and

by photo-washing under conditions where
the crystal surface is subjected to water in
the presence of light.

All of these operations provide a compound
semiconductor crystal with pristine surface that
does not have any of the pinning causing species
thereon. Such a surface requires protection so that
in accordance with the invention a very thin ma-
terial that will retain the Fermi level in the free
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5 EP 0 295 490 A1 6

position is applied. This material is a compound of
the cation of the compound semiconductor crystal
and is a member taken from the group of S, Se
and Te, which for GaAs is gallium sulfide, gallium
- selenide and gallium telluride.

Th application of the layer 4 may employ such
techniques as exposing the crystal 1 in FIG. 1 with
the layer 3 in place to an ambient of H:S, to an
evaporation of sodium sulfide, gallium sulfide or
gallium selenide, and by the technique of photo-
washing. .

The technique of photo-washing is described in
European patent application Serial No. 87 107
476.1. The surface produced by that technique
may be used as the structure of Fig. 1 on which
the layer 4 is to he applied.

The layer 4 is then applied in a thickness of up
to approximatsly 1,000 nanometers.

The surface termination of the invention is use-
ful in a variety of device structures.

Referring next to FIG. 2, there is shown a band
energy diagram illustrating an interface suitable for
ohmic contact performance where the layer 3 at
the pristine surface 2 results in the Fermi level Ef
being unpinned at the surface 2 and the dielectric
layer 4 is made sufficiently thin to permit quantum
mechanical tunneling so that a contact through a
low work function metal, such as In for the metal 5
will demonstrate on a GaAs crystal essentially ohe
mic conduction performance. The layer 3 bsing of
a monolayer order is thin enough not to interfere
with the tunneling mechanism and the layer 4 is of
the proper thickness which for most applications is
of the order of 2 nm generaily achieved in connec-
tion with the positioning of the metal contact 5.

In the fabricating of different types of device
structures, it is desirable to have a barrier to elec-
trical conduction that is selectable. The selectability
provides controilable performance rectifying con-
tacts and the ability to control carrier flow in an
inversion channel in a device.

Referring next to FIG. 3. a band energy dia-
gram is shown where the layer 4 is sufficiently thin
to permit quantum mechanical tunneling so that
when a higher work function metal, such as Au is
usad for the metal S, the performance is that of a
selectable Schottky barrier height. This is useful in
threshold control of fisld effect transistors.

In FIGS. 4 through 8, the application of the
invention to various typss of semiconductor struc-
tures is illustrated.

Referring next to FIG. 4, there is illustrated a
device wherein there is a p-n junction 6 that te'rmi-_
nates at the surface. Where such a structural con-
dition occurs, the carrier recombination is aggra-
vated by the presence of very high fields illustrated
at one intersection as slement 7. In accordance
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conditions operate to prevent both carrier recom-
bination and the sffects of the field.

In FIG. 5. a fisid effect transistor semiconductor
device known as a Metal Oxide Semiconductor
Field Effect Transistor (MOSFET) is illustrated
wherein the semiconductor substrate 1 has posi-
tioned thereon source and drain ohmic contacts 8
and 9 that go through the layer 3 on the surface 2
and dislectric layer 4 is in a shape modified to
accommodate the other requirements of the de-
vice. The thin essentially monolayer thickness of
the layer 3 permits the chmic contacts 8 and 9 to
be merely positioned on the layer 3 which in tumn
doesn't interfere with their electrical performance
The layer 4 serves as the insulator of gate 10 with
the layer 4 being provided with appropriate thick-
ness and dielectric strength to have the threshold
properties for the inversion of a channel between
contacts 8 and 9 at the interface of the crystal 1.

With the structurai principles of the invention, it
will be readily apparent that the type of selectability
of the barrier shown in FIG. 3 provides flexibility in
imparting characteristics to a device being fab-
ricated.

Referring next to FIG. 6, a bipolar transistor
type structure is illustrated vertically oriented with
respect to the substrate wherein the substrate 1,
appropriately doped, serves as the collector, with
an opposite conductivity type appropriately doped
base region 11 positioned adjacent the interface 2.
On the layer 3 at interface 2, a circular ohmic
electrode 12 is positioned separated from and sur-
rounding a mesa semiconductor region 13 epitax-
ially joined at the interface 2 serving as the emitter
which in tum has a contact facilitating semiconduc-
tor region 14 serving as the interface to the metal
amitter contact 15.

The featuros of the invention are employed in
this type of structure to facilitate prevention of
leakage problems that occur with respect to closely
positioned contacts, interfaces terminating at the
surface, and ohmic performance. The two layer
termination structure on pristine surface of the in-
vention is applied around the emitter 13 shown as
element 16. The layer 4 is removed in the position-
ing of ohmic contact 12 and the layer 3 due to the
thin dimension thereof does not affect the chmic
performance of contact 12.

The principles of the invention are further ap-
plicable to facilitate construction of electro-optical
conversion devices.

Referring next to FIG. 7, one of the serious
problems in the electro-optical conversion field has
been the translucent passivation of pn junctions
that radiate light.

Referring to FIG. 7, a light emitting diode type
device is shown wherein on a substrate 1, there is

with the inveéntion, the layers 3 and 4 under these Exhibit 10@¢ g déAductivity extrinsic n+ layer 18, an n-type
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7 EP 0 295 490 A1 8

layer 19 and a p-type layer 20 in a mesa type
configuration, with the pn junction between eie-
"ments 19 and 20 serving as the light emitting
source in a mesa type configuration. The light
emitting junction at the surface is indicated as
having a field with the circle at 21. The termination
structure of the invention is shown as slement 22
applied over the mesa. The ohmic contacts 23 to
the n+ region 18 and 24 to the p region 20 are
made by removing the layer 4, the ohmic perfor-
mance being unaffected by the thin layer 3.

In this type of structure, the layers 3 and 4 in
the termination of the invention are sufficiently thin
not to attenuate the emitted light, yet they serve in
passivation and facilitate contacting.

Referring to FIG. 8, a typical. very small, of the
order of 5 to 10nm dimension active region device
is shown. Such a device has come to be known in
the art as a quantum wire structure. In FIG. 8, on
the substrate 25 of a first band gap semiconductor
material, such as GaAs, a region 26 of an at-
omically compatible different band gap high mobil-
ity semiconductor, such as InGaAs, is sandwiched
between another layer 27 of a different band gap
lower mobility semiconductor material such as
GaAs in a mesa configuration. In accordance with
the invention, the surface at both sides of the mesa
and the substrate is coated with the termination
structure comprising layer 3 on a pristine surface
covered by layer 4.

The termination operates to passivate the sur-
faces including the hetero-interfaces between dif-
ferent semiconductor materials. Ohmic contacts 28
and 29 are illustrated showing the presence of the
layer 3 which due to thickness does not affect
ohmic contact performance. The structure of FIG. 8
would have a contact to the quantum wire region
26, not shown. :

The preferred embodiment for fabrication of
the structure of FIG. 1 would employ a GaAs
crystal 1 which is heated with surface 2 exposed in
an oxygen-free atmosphere in H2S at 700" C for 30
seconds to render the surface 2 pristine and forms
a thin, of the order of a monolayer, coating 3 of
gallium sulfide. The GaS coated structure is then
provided with a 1-1,000 nanometer dislectric coat-
ing 4 of low temperature plasma enhanced chemi-
cal vapor deposited silicon dioxide.

What has been described is the fact that sur-
face termination of compound semiconductor ma-
terial for device use involves insuring the absence
of an agent that causes the pinning, the presence
of a material that prevents the pinning, and the
protection of that material with a non-metailic layer
that provides capability for dielectric, ambient reac-
tion inertness and translucence properties.
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Claims

1. Compound semiconductor crystal intermedi-
ate manufacturing product comprising in combina-
tion on a pristine crystal interface of a monocrystal-
line compound semiconductor material taken from
the group of Ga or Al or In and As or Sb and
monocrystalline ternary and quaternary ailoys
thereof,

a Fermi level pinning control layer of a compound
of a cation ingredient of said compound semicon-
ductor and a member taken from the group of S,
Se and Te in a thickness compatible with slectrical
current conduction through said layer, and
a surface layer of a non-metallic material.

2. Intermediate manufacturing product of claim
1 wherein said compound semiconductor crystal is
GaAs and said Fermi level pinning control layer is
a Ga compound.

3. Intermediate manufacturing product of claim
1 wherein said non-metallic material is taken from
the group of SiO,, CaFz, NaS, ZnS, GaP, GaSe
and polyimides.

4. Intermediate manufacturing product of claim
1 wherein said Fermi level pinning layer thickness
is in a range of one monoclayer to approximately 2
nm.

S. Intermediate manufacturing product of claim
1 where the surface layer is in the range of 1 to
1000 nanometers thick.

6. In the fabrication of compound semiconduc-
tor device structures, the improvement in providing
a compound semiconductor crystal with a device
fabrication compatible surface termination, the in-
termediate manufacturing product comprising on a
pristine crystal interface of a monocyrstalline com-
pound semiconductor material taken from the
group of Ga or Al or In and As or Sb and mon-
ocrystailine ternary and quaternary alloys thereof,

a Fermi level pinning control layer of a compound
of a cation ingredient of said compound semicon-
ductor and a member taken from the group of S,
Se and Te in a thickness compatible with electrical
current conduction through said layer, and
a surface layer of a non-metaliic material.

7. Intermediate manufacturing product of claim
6 wherein said compound semiconductor crystal is
GaAs and said Fermi level pinning control layer is
a Ga compound.

8. Intermediate manufacturing product of claim
6 wherein said non-metallic material is taken from
the group of SiO2, CaF2, NaS, ZnS, GaP, GaSe
and polyimides.

9. Intermediate manufacturing product of claim
6 wherein said Fermi level pinning layer thickness
is in a range of the order of one monolayer to
approximately 2 nm.
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10. Intermediate manufacturing product of
claim 6 where the surface layer is in the range of 1
to 1000 nanomsters thick.
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Description )

The present invention relates to an electrode provided on a semiconductor and a method for fabricating an electrode
on a semiconductor. The present invention is applicable 1o various fields of industry which involve fabrication of elec-
trodes on semiconductors. For example, the present invention can be applied to various semiconductor devices such
as microprocessors, memories, power devices and the like.

In conventionai fabrication methods of electrodes on semiconductors, rectifying potential barriers, i.e. Schottky
barriers, which will appear on the interfaces between electrode metals and semiconductors, have been impossible to
controt their magnitude. Hence, it has been impossible to artificially control the rectifying properties and conductivities
of all the electrodes including not only those semiconductor devices whose performance depends directly onthe heights
of Schottky barriers, such as Schottky diodes as typical examples, but also those electrodes in the semiconductor
devices thus far fabricated. The Schottky bairier height and leakage current, which is an indicator of important per-
formance of interface on the device, inconveniently vary to a greater extent depending on combination of metais and
semiconductors as well as on the process in which the interface is formed. Conventionally, this problem has been
solved empirically. That is, when a new semiconductor has been developed, a method for fabricating an electrode on
the semiconductor has been investigated and developed for each metal one after another until a suitable one is ob-
tained. In other words, going into detail, there have conventionally been developed unique fabrication methods for
fabricating electrodes adapted for respective combinations of semiconductors and electrode metal materials. Because
of having had to resort to empirical rule, methods for fabricating electrodes differ from institution to institution or from
manulacturer 1o manulaclurer. There has been established no fabrication melhod lor labricaling electrodes which
method can be uniformly applied to any or most of electrode metal/semiconductor combinations. Under the circum-
stances. development of electrodes has needed much human and monetary resources for investigation. In all the
semiconductor device fabrication technology inclusive of technologies for fabricating integrated semiconductor devices
such as VLSIs and the like, only the technology for forming eiectrodes has remained as a unit technology that is out
of reach of successful efforts for free designing.

More spacific explanation will be made as to how to fabricate slectrodes for Schottky electrodes and Ohmic elec-
trodes, respectively.

First, in the case of Schottky electrodes, it was almost impossible to control their Schottky barrier height and, hence
there was no other way than accept such non-controlled values as they are. For example, silicon Schottky diodes have
almost fixed barrier heights on the order of about 0.5 to about 0.7 eV. While use of different metais or application of
heat to cause interface reaction will vary barrier height to some extent, the width of change in barrier height is at most
about 0.2 eV. Thus. in Schottky devices, the Schottky barrier height. which is the most important indicator for the device
characteristics, cannot be controlled freely.

In the case of Ohmic electrodes, a severer probiem arises. That is, electrode fabrication inevitably resulls in the
formation of a Schottky barrier whose interface usually shows rectifying resistance. As a result, formation of a conduc-
tive Ohmic electrode. which is contrary to the fabrication of an electrode having a rectifying resistance, requires in
principle a very difficult technique. Practically, in fabrication of almost ali of the Ohmic electrodes fabricators have
presupposed presence of a Schottky barrier in the interface between the electrode metal and semiconductor and then
taken a measure to allow a leakage current to flow in the barrier.

There have been known several methods for increasing a leakage current. For example, a method for fabricating
adevice in which impurity ions are doped to extremely increase the concentration of electrons or holes which contribute
to conductivity in the vicinity of the surface of the semiconductor (cf., e.g.. E.H. Rhoderick and R.H. Williams: "Metai-
Semiconductor Contacts, 2nd Ed.,” Oxford Science Publications, 1988, M.Murakami: Materials Science Reports, 5,
273 (1990), P.A. Barnes and A.Y. Cho, Appl. Phys. Lett, 33. 651 (1978). and T. Uemoto: Jpn. J. Appl. Phys., 34, 17
{995)). This reduces the width of the Schottky barrier, i.e., decreases the thickness of the depletion layer and, hence,
a leakage current in the form of tunneling current, can be flown in the thin depletion layer. However, in the case of SiC,
GaN and the like new semiconductor materials that are under development are usually difficuit to dope with impurities
al high concenlralions so lhat electrodes having sufliciently low resislance cannot be oblained in mosl cases. The
above-described method is not simple nor convenient in some cases since it requires an ion implanting apparatus or
an electric oven for diffusing impurities in gaseous phases. Furthermore, the concentration of impurities has an upper
limit at about 102%cm-3. This automatically determines the minimum width of the depletion layer and, hence, sets tech-
nical limits to the interface resistance of an Ohmic electrode to be realized. Theoretically, this approach is unsuccessful
in making the interface resistance of the Ohmic clectrode to be zero. In addition, there may occur reflection of clectrons
or holes between the high concentration doped region and the low concentration doped substrate. This reflection of
carriers increases the resistance of the electrode. From these, the interface resistance of an Ohmic electrode fabricated
on a silicon substrate is limited to about 108 Qcm? based on the technical restrictions as described above.

Another method for fabricating an Ohmic electrode is to heat the electrode to decrease its resistance (cf..eqg., E.
H. Rhoderick and R.H. Williams: “*Metal-Semiconductor Contacts. 2nd Ed..* Oxford Science Publications, 1988, M.
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Murakami: Materials Science Reports, 5, 273 (1990), H.C. Card: IEEE Trans. Electron Devices, ED-23, 538 (1976),
T.C. Shen, G.B. Gao, and H. Morkog: J. Vac. Sci. Technol . 810, 2113 (1992), N. Braslau, JB. Gunn, and J L. Staples:
Solid-State Electronics, 10, 381 (1967). J. Appl. Phys.. 77. 1317 (1967). and J. Crofton, P.G. McMullin, J.R’ Williams,
and M.J. Bozack: J. Appl. Phys., 77. 1317 (1995)). in this method. after the electrode metal is deposited. heat treatment
is carried out so that there occurs interface chemical reaction between the metal and the semiconductor and metalli-
zation of the semiconductor proceeds in the vicinity of the interface. This induces impurity level or defect level in the
depletion layer of the Schottky barrier. These levels generate leakage current. This method is simple and can be used
in combination with high concentration doping. Because of the advantages. the method is used without fail in the
conventional process of fabricating electrodes. However, interface reaction is complicated since it differs from a metal/
semiconductor system to another and the mode of reaction varies widely depending on temperature and time of heat
treatment. In some reaction systems, it is often the case that heating results in the formation of good Schottky barrier,
which means heating does not always enhance Ohmicity (cf., e.g., S. Zaima, T. Yamauchi, Y. Koide, and Y. Yasuda:
Appl. Surl. Sci., 70, 624 (1993)). This is a decisive defect of the above-described heating method.

Still another approach is to grow on a first semiconductor a crystal of a second semiconductor having a bandgap
smaller than that of the first semiconductor so that the highest possible Schottky barrier height can be decreased to
facilitate the formation of Ohmic contact (cf., e.g., E.H. Rhoderick and R.H. Williams: *“Metal-Semiconductor Contacts,
2nd Ed..” Oxford Science Publications, 1888. M.Murakami: Materials Science Reports, 5, 273 (1990), and T.C. Shen,
G.B. Gao, and H. Morkog: J. Vac. Sci. Technol., B10, 2113 (1992)). This method involves heteroepitaxy of a semicon-
ductor and, hencae, its application is limited to semiconductor systems which allow heteroepitaxy. )

Further, heteroepitaxy itself is a high lechnology which requires a complicaled manulacluring process, which in-
creases production costs. Therefore, the method is suited to a very limited range of semiconductor materials, more
particularly, new semiconductor materials having wide bandgaps, such as GaN and the like. which are difficult to dope
impurities with high concentration doping of impurities.

The above-described three methods use large process apparatus suitable for fabricating devices and thus are not
simple. Accordingly, in carly stages of rescarch and deveclopment for evaluating clectric propertics of matcrials or
developing various devices, simpler means such as scratching of semiconductor or the like is used (here, by the term
“scratching” is meant to hurt the surface of a semiconductor with a diamond needle or the like to coarsen it (cf., e.g.,
E.H. Rhoderick and R.H. Williams: "Metal-Semiconductor Contacts, 2nd Ed.," Oxford Science Publications, 1988). On
a coarse surface, a lot of structural defects are induced which increase leakage current. This method is quite incon-
venient for making fine structures in the fabrication of semiconductor devices. In most cases, no good interface resist-
ance can be obtained.

As described above. electrodes have been fabricated based on empirical rules. The primary reason for this is a
lack of common or uniform understanding of the mechanism in forming a metal/semiconductor interface potential bar-
rier. Uncontrollability of Schottky barriers and comptexity of the mechanism of Ohmic contact formation which is attrib-
utable thereto would be due to the fact that Schottky barrier height is by nature fixed to a certain level. Fixation of
Schottky barrier height of a semiconductor is equivalent to the fact that the Fermi level is fixed in the bandgap of the
semiconductor on the metal/semiconductor interface. The fixation of Fermi level is usually referred to pinning of the
Fermi level. The pinning of the Fermi level occurs as a result of generation of electron level in the bandgap of a sem-
iconductor on the interface between the metal and the semiconductor. Carriers flow from bulk to the interface, i.e.,
electrons in the case of n-type semiconductor or holes in the case of p-type semiconductor flow from the bulk semi-
conductor to the interface and the carriers are trapped therein to create an electric double layer of the semiconductor

. bulk and the interface, i.e., a potential barrier or Schottky barrier.
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Reviewing the development of Schottky barrier, in 1947, J. Bardeen stated that the interface level is caused by
electronic level due lo dangling bonds and the like existing on the surface of the semiconductor (cf. J. Bardeen: Phys.
Rev.. 71,717 (1947)). Therealter. however, in view of the impossibility of controlling the surface level density accurately
by the technology available at that time. the leading view was that surface level density was uncontrollabie and intrinsic
to the material concerned, and interface electron level embedded in a solid should be an essential electron level that
was more diflicull 1o conlrol than the surface level. The beliel lhat pinning was intrinsic to materials and cannol be
controlled artificially has led to a theory of MIGS (Metal-induced Gap States) which explains a cause of generation of
interface levels (cf. V. Heine: Phys. Rev., 138, A1689 (1965)). According to this theory. interface levels are induced
when a metal approaches toward the semiconductor. Since 1965 when V. Heine proposed it, the MIGS theory has
been leading to date. The MIGS theory has inhibited research of a technology which controls the height of Schottky
barricr. In fact. regardiess of theories, there have been unavailable high technologics that can control interface level
density in actual semiconductor devices.

Concerning numerical consideration of pinning, the work which referred to Schottky barrier for the first time was
by W. Schottky (cf. W. Schottky: Naturwissenschaften, 26, 843 (1938) and N.F. Mott: Proc. Camb. Philos. Soc., 34,
568 (1938)). According to Schottky, the Schottky barrier height, ¢bn, of a n-type semiconductor is given by the following
equation (1):
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ebn=gm-xS+C {1)

wherein @m is a work function of the metal. xS is electron affinity of the semiconductor. C is a constant no greater than
several meV. On the other hand. the Schottky barrier height of a p-type semiconductor in a pinning-free state is given
by the following equation (2):

pbp=Eg- (pm-xS+C) (2

wherein Eg is a bandgap.
The equations (1) and (2) are called Schottky models. However, no interface has been realized that meets these
equations. The actual interface is expressed by the following equation (3):

®bn=S (epm-xS) +C (3)

wherein S is a coefficient which indicates a dependence of ¢bn on em and 0<S<1.

When S=0, ¢bn is conslant and the interface is pinned sirongly. This state is called a Bardeen barrier. On lhe
contrary, when S=1, the equation (3) is the same as the equation (3) and represents a pinning-free interface according
to the Schottky-Mott model. Actual interfaces fall between the both states. Heretofore, the S factor has been believed
to be a physical property specific to the material concerned and, hence, beyond control.

Table 1 below summarizes values of S factor and maximum and minimum values of Schottky barrier height of
representative semiconductors.
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Fig. 1 is a graphical prescntation of the data in Table 1. plotting Schotiky barricr height (pbn [cV]) against work

function of a metal (pm [eV]) taking as an example of an n-type Si(001) semiconductor substrate. Fig. 1 shows that

the Schottky barrier height was limited within a certain range for various metals_ In Fig. 1, reference numeral 1 denotes

55

an area representing the range in which the Schottky barrier heights of conventionally fabricated meta¥n-Si interfaces
fall and 2 denotes a line which represents an absolute upper limit of the Schottky barrier height of metalm-Si interfaces

corresponding to the bandgap Eg=1.12 eV. With different metals. there are always upper and lower limits of the Schottky
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barrier heights.
Consequently, it has heretofore been impossible to freely control the Schottky height of metal/semiconductor interfaces.

The present invention is directed to overcoming the problem of uncontrollability of the Schottky barrier height
between an electrode metal and a semiconductor, which problem has been an important subject since a transistor was
invented. - .

Also, the present invention is aimed at solving the scientific and technological problem of uncontroilability of Ohmic
electrodes, which has heretofore been considered a different problem from the uncontrollability of Schottky barrier
height.

Further, the present invention is intended to provide a systematic technology which can control both Schottky
electrodes and Chmic electrodes, that have been treated separately one from another, based on a single principle that
allows understanding them consistently. More specifically. the present invention is directed to overcoming the problem
of uncontrollability of pinning of Fermi level of the interace of metal'semiconductor that has been impossible fo control
conventionally.

Therefore, an object of the present invention is to provide a method for fabricating Schoittky electrode or Ohmic
electrode formed at the interface between an electrode metal/semiconductor, which enables freely controlling electric
properties of the electrode formed on the semiconductor.

Anather object of the present invention is to provide an electrode structure comprising an electrode having a con-
trolied Schottky barrier height of the interface between the electrode metal and the semiconductor.

According to a first aspect of the present invention, there is provided a method of fabricating a layer of an electrode
melal on a surface of a semiconduclor, comprising the step of:

decreasing a surface states density of the surface of the semiconductor.

According to a second aspect of the present invention, there is provided a method of fabricating a layer of an

electrode metal on a surface of a semiconductor, comprising the step of:
controlling a Schottky barrier height of a rectifying Schottky electrode formed on the surface of the semiconductor.

Herc, the control of the Schottky barrier hcight of the Schottky clectrode may be carried out by controlling flatness
of an electrode metal/semiconductor interface.

The control of the Schottky barrier height of the Schottky electrode may be carried out by controlling a step density
on an atomic level of an electrode metal/semiconductor interface.

The control of the Schottky barrier height of the Schottky electrode may be carried out by controlling selecting a
work function of the metal.

The control of the Schottky barrier height of the Schottky electrode may be carried out by controlling the Schottky
barrier height of the Schottky electrode under conditions without giving thermal hysteresis.

According to a third aspect of the present invention, there is provided a method of fabricating a layer of an electrode
metal on a surface of a semiconductor, comprising the step of:

fabricating a Schottky electrode from a metal having a high work function, and fabricating an Ohmic electrode from
a metal having a fow work function, for an n-type semiconductor, or

fabricating a Schottky electrode form a metal having a low work function and an Ohmic electrode from a metal
having a high work function, for a p-type semiconductor.

Here, the method may further comprise the step of heating.

According to a fourth aspect of the present invention, there is provided a method of fabricating an Ohmic electrode,
comprising the step of: forming flat electrode metal/semiconductor interface on an atomic level.

According to a tifth aspect of the present invention, there is provided a method of fabricating an Ohmic electrode,
comprisingthe step of: forming an electrode metal/semiconductor interiace having a low step density on an atomic level.

According to a sixth aspect of the present invention, there is provided a method of fabricating an electrode, com-
prising the step of:

fabricaling an Ohmic eleclrode as described above in a highly inlegrated eleclronic device.

Here, the semiconductor may be made of a semiconductor selected from the group consisting of Si and SiC.

The electrode metal may be selected from the group consisting of Al, Au, Mo and Ti.

According to a seventh aspect of the present invention, there is provided a Schottky electrode structure provided
on a semiconductor having an interface portion which is flat on an atomic level.

According to an cighth aspcct of the present invention, there is provided a Schottky clectrode structure provided
on a semiconductor having a Schottky barrier height which is impossible to realize by conventional method.

According to a ninth aspect of the present invention there is provided a Schottky electrode structure provided on
a semiconductor containing no high concentration impurity.

Accordingtoa tenth aspect of the present invention, there is provide an Ohmic electrode structure havinga Schottky
barrier height which is substantially zero. ’
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Here, the semiconductor may be made of a semiconductor selected from the group consisting of Si and SiC.

The electrode metal may be selected from the group consisting of Al, Au, Mo and Ti.

According to an eleventh aspect of the present invention, there is provided a method of fabricating an electrode,
comprising the step of:

oxidizing a surface layer of silicon or silicon carbide on a surface of a semiconductor and removing the resulting

oxide film.

Here, the oxidizing of the silicon or silicon carbide may be carried out by heating the silicon or siticon carbide in
an oxidative gaseous atmosphere.

Removing the oxide film may be carried out by reacting the oxide film with a reducing liquid or gas.

The silicon or silicon carbide may be n-type silicon or n-type silicon carbide, and wherein the electrode metal is a
metal having a work function lower than that of noble metals.

The silicon carbide may be p-type silicon carbide, and wherein the electrode material is a noble metal or a metal
having a work function of a level substantially equal to that of noble metails.

The electrode material may be titanium (T).

The electrode material may be aluminum (Al).

The above and other objects, effects, teatures and advantages of the present invention will become more apparent
from the following description of the embodiment thereof taken in conjunction with the accompanying drawings.

Fig. 1 is a graph plotting Schottky barrier height of a Schottky etectrode fabricated on an n-type Si(001) substrate
by a convenlional method against the work function of the electrode melal,

Fig. 2 is a graph illustrating regions representing Schottky barrier heights realized by the fabrication method of the
present invention;

Fig. 3 is a graph illustrating current-voltage characteristics of Ti electrodes on SiC according to examples of the
present invention;

Fig. 4 is a graph illustrating current-voltage characteristics of a Ti clectrode on SiC which has been subjected to
a conventional treatment with 5% hydrofluoric acid;

Fig. 5 is a graph illustrating current-voltage characteristics of an Al electrode on SiC according 1o the present
invention;

Fig. 6 is a graph illustrating current-voltage characteristics of Al electrodes on SiC according to the present inven-
tion:

Fig. 7 is a graph illustrating current-voltage characteristics of an Al electrode on Si(111) which has been subjected
to a conventional treatment with 5% hydrofluoric acid:

Fig. BA is a sketch prepared based on an optical micrograph of the surface of a Ti electrode fabricated by the
fabrication method according to EXAMPLE 4 of the present invention: '

Fig. 8B is a schematic cross sectional view showing the Ti electrode illustrated in Fig. 8A;

Fig. 9A is a sketch prepared based on an oplical micrograph of the surface of an Ni electrode fabricated by a
conventional fabrication method; -
Fig. 9B is a schematic cross sectional view showing the Ti electrode illustrated in Fig. 9A;

Fig. 10 is a graph illustrating logarithmic current-voltage characteristics of Au electrodes on 6H-SiC(0001) sub-
strates according to EXAMPLE 7 of the present invention;

Fig. 11is a graph plotting Schottky barrier height of electrode metals fabricated on 6H-SiC(0001) substrates against
the work function of the electrode metals; and

Fig. 12is a graph illustrating new areas for Schottky barrier heights of electrode metals fabricated on 6H-SiC(0001)
substrates using the techniques of the present invention.

In order 1o soive the problem of uncontrollability of Schottky barrier height, it is only necessary to decrease the
interface states density of the interface between an electrode metal and a semiconductor on which the electrode metal
layer is lormed. According lo lhe present invention, a decrease in lhe inlerface states densily is realized by decreasing
the surface states density of the semiconductor before deposition of a metal thereon. The decrease in the surface
states density can be realized primarily by flattening the surface of a semiconductor on an atomic level.

Flattening of the surface of a semiconductor results in a decrease in an atomic step density which generates
dangling bond density which is a cause of surface states and in an amount of unstable atoms adsorbed on the surface
of the scmiconductor. According to the prescnt invention, it has been found for the firsttime that flattening of the surface
of a semiconductor on an atomic level decreases the surface states density of the semiconductor and that a decrease
in the surface states densily is effective for decreasing the interface states density of the electrode metal/semiconductor
structure.

Recently, the technology of flattening the surface of sericonductors on an atomic level has developed rapidly and
a variety of methods have been proposed. The present invention uses the newest known atomic level surface flattening
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technologies to demonstrate the above effect. However, the present invention should not be construed as being limited
1o specific atomic fevel suriace fiattening techniques. There have been known several important techniques for flat-
tening surfaces of semiconductors on an atomic level, all of which have been proved useful in decreasing interface
level density according to the present invention.

The present invention is based on a principie contrary to the conventional method in which particularly in the case
of Ohmic contact, the desired Chmic contact has been realized by intentionally decreasing ideality of interface, i.e.,
abruptness of structural connection.

Description will be made on how to flatten the surface of a semiconductor on an atomic level. An example of such
a method is to set up conditions of oxidation appropriately so that oxidation can proceed flat on an atomic level, thus
making the surface of the semiconducior after etching more flattened than the original surface.

Another method is a treatment with dilute hydrofluoric acid adjusted to have an appropriate pH. The pH of the
solution can be rendered aikaline with ammonia water. Such a solution has an activity of flattening the surface of a
semiconductor on an atomic level by means of a weak etching action of a lot of OH groups contained in the solution.
Similarly, a semiconductor may be immersed in boiling water. This method can flatten the surface of a semiconductor
on an atomic level by means of a weak etching action of deionized water.

High temperature heat. treatment in hydrogen gas is also effective for flattening the surface of a semiconductor.
Homoepitaxial growth can accelerate surface migration of atoms at relatively low growth rates to flatien the surface of
crystal growth. As the last example, a method utilizing electromigration can also be used for flattening the surface of
a semiconductor on an atomic level. Electromigration is a phenomenon in which upon application of electric current to
a sample, surface aloms will migrale in a direction the same as or opposite o the direction in which eleclric current
flows. Use of this method semiconductor surfaces can be flattened depending on the conditions. The present invention
is not limited to the above-described specific methods. Instead, any method that can flatten semiconductor surfaces
on an atomic level may be used similarly and will be effective for decreasing interface levels.

Hereinbelow, the idea of flattening semiconductor surfaces on an atomic level will be described in more detail. To
be flat on an atomic lovel means cxistence of wide flat torraces when viewed on an atomic level. This dircctly indicates
that an atomic step density is low in the surface concerned. Atoms at a step generally have more dangling bonds than
atoms on aterrace. While the dangling bonds on a terrace will disappear after the formation of an interface with a metal
due to bonding with the metal, the dangling bonds at a step will not disappear completely because of the step or
difference in height as high as the thickness of one atomic layer Therefore, after the formation of an interface, a main
cause of generation of interface states is dangling bonds at steps. In other words, a decrease in a step density will
result in a decrease in an interface level density. Hence, in order to decrease an interface states density, it is sufficient
to flatten the surface of a semiconductor so that its step density can be decreased. Thus, even if the surface is not
flattened when viewed on a scale on the order of micrometers, existence of wide terraces in more minute regions will
suffice for decreasing interface states. Therefore, electrode structures with an interface having wide terraces on an
atomic level, even though they have uneven or rough surfaces when viewed in a broader region, will cause a decrease
in surface states density and, hence., fall within the scope of the present invention as defined below in appended claims.

If the interface states density is reduced enough by one of the above-described methods, the pinning of Fermi
level will disappear. On such a pinning-free interface, what determines its potential barrier is merely a difference be-
tween respective Fermilevels, i.e., a difference between respective work functions, of the metal and the semiconductor.
In this case, Schottky-Mott model expressed by equations (1) and {2) above is followed. Therefore, in the case of an
n-type semiconductor, use of a metal having a high work function results in the formation of a Schottky barrier while
use of a metal having a low work function gives rise to an Ohmic contact. To control the Schottky barrier height, it is
only necessary to select an appropriate metal with regard to work function. For p-type semiconductors, the same idea
as that for n-type semiconductors can be applied except that relationship of the magnitudes of the work functions
should be reversed.

According to the present invention, the Schottky barrier height of a semiconductor can be expanded to a minimum
value of 0 eV (cf. Fig. 2, region (I)) and a maximum value equivalent to the bandgap (cf. Fig. 2, region (I1)).

Also, conlrolling the degree of pinning will in effec vary lhe Scholtky heighl and, hence, controlling interface level
density will enable the Schottky barrier height even when the same metal is used. That pinning can be controlied means
that the Schottky barrier height can be controlled at will for each metal. As a result, the region where the Schottky
barrier height can be controlled is expanded to regions (lll) and (IV) in Fig. 2.

As described above, the present invention has made it possible to expand the region where the Schottky barrier
hcight can appcar from region (1) to regions (*) to (IV) in Fig. 2. Therefore, for a given metal, clectrodes having the
Schottky barrier heights within one of the regions (l) to (IV) also fall within the scope of the present invention. The
present invention is generally applicable and operable regardless of the kind of metal and for all n-type and p-type
semiconductor substrates, can be set up the regions (I) to (V) as illustrated in Fig. 2 according to the present invention.
Table 1 above indicates the Schottky barrier height regions of the present invention for representative semiconductor
materials.
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Ancther important feature of the present invention is that contral of Schottky/Ohmic property can be performed
without heat treatment. However, if heat treatment is carried out after the deposition of electrode metals, still a flat
interface can be obtained since originally a flat surface on an atomic level is provided. an interface reaction between
the metal and the semiconductor occurs uniformly in the interface therebetween. Therefore, the present invention is
also effective to electrodes which are subjected to heat treatment.

While not intended to be bound thereto, the present invention can be applied suitably to fabrication of electrodes
on silicon carbide (SiC). While SiC is a material with which p- and n-type semiconductors can be used with ease, they
have various excellent physical properties such as large a large bandgap. The present invention will be explained
further taking SiC as an example. Since in the present invention, processes are used that do not involve heat treatment,
no appreciable interface chemical reaction does occur between the metal and the semiconductor. Therefore, the re-
sulting interface receives the conditions of the surface of the semiconductor without any change, and the interface has
electrical characteristics which depend on structural and chemical properties of the surface of SiC before the deposition
of the electrode metal. In other words, control of the conditions of the surface of SiC makes it possible to control etectric
properties freely.

When no treatment is performed on the surface of SiC, a natural oxide film is formed thereon. Also, a lot of water
and/or impurity atoms are adsorbed on the SiC surface. Further, in the case of as ground surfaces, there are near the
surface a lot of impurity atoms contaminating or defects induced upon grinding. Such conditions depend strongly on
the process by which the SiC surface is fabricated so that the resuiting surface does not always have the same surface
atomic conditions and surface electronic state and then unstable.

In the presentinvenlion, a method is used which depends strongly on the conditions of surface atoms as described
above. Therefore, such an unstable surface layer must be removed. For this purpose, SiC is oxidized and then the
resulting oxide film is removed. The oxidation and removal of the oxide film may be performed simultaneously.

As a specific example of oxidation method for oxidizing silicon carbide (SiC), there can be used a method in which
SiC is heated in an oxidizing gas atmosphere. The oxidation can be carried out at a heating temperature within the
range of usually 800 to 1,250°C, preferably 950 to 1,150°C.

Concerning the selection of metals for use as an electrode material, a lot of metal materials with which Ohmic
electrodes have not been realized by the conventional high temperature heat treatment can be used for forming Ohmic
electrodes according to surface condition controlling technique in the fabrication method for fabricating electrodes on
SiC according to the present invention. Properly speaking, a theoretical approach for realizing an Ohmic contact for
n-type semiconductors is to use metal materials having a low work function. However, conventionally, Ohmic contacts
were obtained by coarsening or roughening the interface by means of high temperature heat treatment to provide the
interface with a non-ideal (non-uniform) structure and metal materials having a high work function which are difficuit
to oxidize were used in order to prevent the high temperature oxidation. On the contrary, in the present invention, heat
treatment does not have to be done so that the inlerface is abrupt enough to be ideal one and then it is possible to
realize an Ohmic contact for those metal materials which do not have high work function naturally. Here, metals which
do not have high work functions are those metal materials composed mainly of elements other than noble metals (Ni,
Pd. Pt, Cu, Ag, and Au) having high work functions, such as Ni which has been used conventionally. More specifically,
a wide variety of metals can be used, including, for example, Mg, Ca, Sr. Ba, Sc, Y, La, Ti, Zr, Hf, V, Nb, Ta, Cr, Mn,
Re, Fe, Al, Ga, In, Tl and the like. Among these, those metals having not so high an oxidizing capability, e.g., Ti and
Al, are preferred.

in order to realize Ohmic contacts with p-type semiconductors, theoretically, metal materials having high work
functions should be used. Conventionally, however, Ohmic contacts were formed by addition of impurities in high con-
centrations and, hence, aluminum (Al) has been used as an electrode metal because it can serve as a p-type impurity.
However, Al has a low work function and is not suited as a.metal for p-type metals. In the present invention, metals
having high work functions are used. More specifically, metals which can be used for p-type semiconductors for forming
Onmic contacts include noble metals such as Ni, Pd, Pt, Cu, Ag, and Al and metals having approximately the same
work function as the noble metals, such as Co, Rh, Ir, Ru, Os, and Re. '

In the case of n-lype SiC, il heal lreatmenlt is required aller the formalion of elecirodes. a metal which is resislant
to oxidation and has a high work function can be deposited on the above-described electrode metals having low work
functions to prevent oxidation of the electrode portions. Similar effects can be obtained by depositing two or more
metals having low work functions on a metal forming a metal semiconductor inlerface. Therefore, if heating is needed
or desired, the above-described effect of the present invention cannot be deteriorated. What is important in the present
invention is to use a metal having a low work function for an n-type SiC and a metal having a high work function for a
p-type SiC. Practically, metals are divided into low and high work function metals when they have work functions up
to 4.5 eV or higher than 4.5 eV. However, 4.5 eV is not a strict threshold value. This is because when a metal is
deposited on SiC at ambient (room) temperature, e.g., about 20°C, mutual diffusion of the aloms constituting the metal
and the atoms constituting the SiC semiconductor may occur on the metal/semiconductor interface and effective work
function alters. if the metal used is highly reactive. So, 4.5 eV is to be understoodto be a practical standard for classifying
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metals.

More specificaily, ine present invention comprises an oxidation process using an oxidative gas. Usually, a sample
is placed in an oxidative atmosphere in an apparatus which enables heating of the sample. such as electric oven, and
the sample is heated at a temperature within the range of 800 to 1,250°C. With this treatment. the surface of the sample
becomes insulating due to formation of an oxide film thereon and a sufficient electric contact is not achieved. Then,
the oxide film is removed with a reducing liquid or gas. It is often the case that the atoms on the surface of SiC are
arranged or accumulate in a manner different from that the atoms in the bulk of the SiC. The oxidation process in an
oxidative gaseous atmosphere is meant to oxidize such a denatured surface layer and make the surface layer ready
to be removed by a liquid process including dissolving the surface oxide layer with a reducing liquid to remove it, or
gaseous process involving reducing the surface oxide layer with a reducing gas to convert the oxide layer to a semi-
conductor of non-oxidized state.

In conventional processes for fabricating electrodes, immersion or dipping of a semiconductor in a dilute hydrofluo-
ric acid has been conducted to remove spontaneous oxide film on the surface of SiC. However, no intentional or artificial
oxidation of SiC has been performed so that the unstable surface layer has not been removed completely, thus failing
to provide stable Ohmic contacts.

According to the present invention, development of Schottky and Ohmic electrodes, which has heretofore been
made relying on experience or empirical rules, can be made in a shorter time than before since the present invention
is based on a systematized knowledge. Thus, efforts for the development of electrodes can be minimized. The method
for fabricating electrodes according to the present invention does not need heat treatment, which makes a great in-
crease in slability of the electrode structure as compared with the conventional method in which heal treatment is
essential. Further, In the case of fabricating Ohmic electrodes, conventional methods use doping semiconductors with
impurities in high concentrations. In the present invention, however, high concentration doping is unnecessary so that
Ohmic electrodes can be fabricated simply and conveniently. In contrast to the conventional methods in which leakage
current in the Schottky barrier is used. the method for fabricating electrodes according to the present invention can
reduce the Schottky barrier height to zero so that high performance Ohmic electrodes having thcoractically no interface
resistance that has not been achieved conventionally.

According to the present invention, Schottky barrier heights, that have been almost impossible to control by con-
ventional methods, can be controlled freely by controlling interface level density and selecting work function of metals.

In practicing the present invention, it is only necessary to make the surface of a semiconductor as flat as possible
on an atomic level. There are various kinds of known techniques for flattening the surface of a semiconductor on an
atomic level and all such techniques can be used in the present invention. Therefore, there is no technical difficulty in
practicing the present invention and the present invention can be applied to various metals and semiconductors simply
and conveniently.

Hereinafter, the present invention will be described in greater detail by examples with reference to the attached
drawings. However, the present invention should not be construed as being limited thereto.

EXAMPLE 1 Confirmation of Ohmic Property (SiC-Ti Structure)

In the instant example, vacuum sublimated n-type 6H-SiC was used as a semiconductor substrate immediately
after it was ground. The substrate had a carrier density of about 1x107 em-3. At this carrier density, usually, the sem-
iconductor was not metallic and it was difficult to produce an Ohmic contact. The substrate was cleaned using methanol
and trichloroethylene, and then placed in an electric oven filled with an oxygen gas atmosphere and oxidized at 300
°C for 30 minutes, followed by 800°C for 10 minutes. Thus an oxide film of about 5 nm thick was formed. The substrate
was dipped in 5% hydrofluoric acid to remove the oxide tim. .

On the thus-obtained SiC substrate was deposited titanium (Ti), which is a representative high meliing metal and
has a low work function. The work function of Ti was 4.4 eV, which is by 0.9 eV lower than Ni, which has conventionally
been used as an Ohmic electrode and has a work function of 5.3 eV. The SiC substrate used was not heated previously.
The lhickness ol deposiled lilm was aboutl 500 nm., Deposition was not carried oul on the enlire surface of the semi-
conductor but through a metal mask formed with a round hole of 0.30 mm in diameter for subsequent electrical meas-
urements.

Fig. 3 is a graph iflustrating current-voltage (1-V) characteristics of the sample taken out of the vacuum apparatus
(cf. line 3a). As apparent from Fig. 3, the line 3ais a straight line. Lack of nonlinearity as shown by the straight line 3a
in Fig. 3 clearly indicates that the electrode obtained is Ohmic, that is, current is proportional to voltage. The interface
resistance of the resulting electrode was 6.7x102 (dcm?2. The electrode made of a SiC material having a low carrier
density as low as 2x10'7 em™3 had an Ohmic contact which had theoretically the lowest resistance.

An electrode structure was fabricated in the same manner as in EXAMPLE 1 except that no oxidative etching was
conducted but only dipping in 5% hydrofluoric acid was performed (COMPARATIVE EXAMPLE 1). The comparative
electrode structure showed no Ohmic property but exhibited Schottky property (Fig. 4). In Fig. 4, curves 4a and 4b
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show normal and reverse direction leakage currents, respectively.
EXAMPLE 2 Confirmation of Ohmic Property (SiC-Al structure)

Next, an electrode structure was fabricated in the same manner as in EXAMPLE 1 except that instead of Ti was
used aluminum (Al), which is a non-transient, low melting metal and belonging to the group (ill) of the periodic table.
In this case, too, was obtained an Ohmic contact similar to that fabricated in EXAMPLE 1. The work function of Al is
4.3 eV. Fig. 5 shows current-voltage characteristics of the aluminum electrode fabricated under the same conditions
as the Ti electrode. Similarly to EXAMPLE 1, a line 5 representing the current-voltage characteristics of the Al electrode
showed linearity and the interface resistance was about 1.4x102 Qcm2. The electrode made of a SiC material having
a low carrier density as tow as 2x1017 ¢cm2 had an Ohmic contact which had theoretically the lowest resistance.

What is common between EXAMPLE 1 and EXAMPLE 2 is that the both metals used have work functions by about
1 eV lower than those of noble metals used as electrode metal for SiC in the conventional methods. The both metals
tested here exhibited effects which attain the objects of the present invention.

EXAMPLE 3 Contirmation of Ohmic Property (Si-Al structure)

The instant example is to show that the present invention is applicable to Si substrates and also realize Ohmic
contacts. As a semiconductor substrate was used an n-type Si substrate having a carrier density of 7x10'6 cm3. The
subslrate was cleaned using methanol and trichloroethyiene, and then placed in an electric oven filled wilh an oxygen
gas atmosphere and oxidized at 300°C for 30 minutes, followed by 800°C for 10 minutes. Thus an oxide film of about
50 nm thick was formed. The substrate was dipped in 5% hydrofluoric acid to remove the oxide film. The substrate
thus obtained was dipped in hot water to make the surface of the semiconductor substrate flat on an atomic level.
Thereafter, aluminum was deposited on the surface as an electrode metal. Fig. 6 illustrates current-voltage character-
istics of the resulting clectrode structure. A line 6a, which is a straight line, represents the sample with 5% hydrofluoric
acid treatment. A line 6b, which is also a straight line, represents the sample with hot water treatment after 5% hy-
drofluoric acid treatment. A line 6c, which is also a straight line, represents the sample with 5% hydrofluoric acid treat-
ment followed by hot water treatment. Here, by the term "hot water treatment® is meant a treatment with heated deion-
ized water at a temperature below 100°C. From Fig. 6, it is apparent that the electrode fabricated according to the
present invention has an Ohmic contact having a good linearity of current-voltage characteristics (the line 6c). Here-
tofore, as illustrated in Fig. 1. no metal could provide an Ohmic contact for Si substrates without high concentration
doping. in fact. a comparative sample having an Si(111) substrate which did not subjected to high concentration doping
and having a carrier density of 7 X 106 cm3 (COMPARATIVE EXAMPLE 2) gave a Schottky barrier whose obn was
0.69 eV after receiving the same 5% hydrofluoric acid treatment as in the instant example (Fig. 7). In Fig. 7, curves 7a
and 7b denote current flows in normal and reverse directions, respectively. Comparing the lines 6a to 6¢c in Fig. 6, it is
observed that according as flattening processes are added or flatness increases, current increases and contact resist-
ance decreases. in the instant example (the line 6c in Fig. 6), the doping concentration was 7x10'6 cm3, at which the
width of the depletion layer is sufficiently thick and no tunneling will occur theoretically. Therefore, the Ohmic property
observed in the sample of the inslant example is considered to be attributable to a sufficiently decreased Schottky
barrier.

EXAMPLE 4 Structural Uniformity of Electrode Structure

A Tielectrode was labricated in the same manner as in EXAMPLE 1. Fig. 8A is an illustrative view prepared based
on an optical micrograph of the surface of the Ti electrode. Fig. 8B is an expanded schemaltic cross seclional view
showing the Ti electrode shown in Fig. 8A. As COMPARATIVE EXAMPLE 3, was prepared an Ni electrode by a con-
ventional heat treatment method. The Ni electrode fabricated by cleaning using methanol and trichloroethylene, the
same n-lype SiC subslrale as used in EXAMPLE 1, deposiling Ni thereon by vapor deposilion and Lhen healing the
substrate at 1,000°C for 60 minutes. Fig. 9A is an illustrative view prepared based on an optical micrograph of the
surface of the Ni electrode. Fig. 9B is an expanded schematic cross sectional view showing the Ni electrode shown in
Fig.8A. InFigs. BA and 9A, reference numeral 11 denotes an SiC substrate, 12 is an outline contour line of the electrode,
13 is an Ni electrode, and 14 is a Ti electrode. The both Ni and Ti electrodes were in the form of a disk of 0.3 mm in
diamcter. From Figs. 8A, 88, 9A and 9B, it is apparent that the Ti clectrode fabricated on SiC fabricated without heat
treatment in accordance with the present invention has a high flatness in surface. The Ni electrede 13 shown in Fig.
9A has a rough surface. clearly lacking structural uniformity. In contrast, in the Ti electrode 14 of the present invention,
no region is observed where surface conditions are different, and the area inside a contour line 12 of the electrode 14
is uniform in appearance and highly flat, thus presenting excellent structure for Ohmic structure. The electrode fabri-
cated Aaccording to the method of the present invention (Fig. 88) had a surface with an unevenness (X1) of 5 nm or
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less. On the contrary, the electrode fabricated by the conventional method (Fig. 9B) had a surface with an unevenness
{X2) of about 200 nm. This clearly indicates that the electrode fabricated by the method of the present invention had
a surface flatness much superior to the electrode fabricated by the conventional method.

EXAMPLE 5 Dependence on Atomic Level Flattening Treatment - Epitaxial Growth

The same SiC substrate immediately after grinding as used in EXAMPLE 1 was dipped in boiling water (100°C)
for 10 minutes. On the other hand, a sample was prepared by homoepitaxially growing SiC on the same SiC substrate
after grinding as used in EXAMPLE 1. The sample was dipped in boiling water (100°C) for 10 minutes. Then, difference
in current-voltage characteristics between the epitaxial SiC substrate and the SiC substrate immediately after grinding
were examined. In the case of the epitaxial SiC substrate, an expectation will be made that flattening in surface proceeds
sufficiently so that the interface level density decreases and as a result, the Schottky barrier height decreased and
Ohmic property increases. In fact, the SiC substrate immediately after grinding had an interface resistance of 1. 2x10-2
€2cm?2 (the line 3¢ in Fig. 3) while the epitaxial SiC substrate had an improved interface resistance of 6x10-3 QcmR (the
line 3d in Fig. 3). From this it follows that epitaxial growth is effective for flattening on an atomic level the surface of a
semiconductor and for decreasing interface level density of the semiconductor.

EXAMPLE 6 Dependence on Atomic Level Flatiening Treatment - pH Adjusted Dilute Hydrofluoric Acid Treatment

An oxidized/elched subslrale having a current-voltage characleristics represented by the line 3a in Fig. 3 as used
in EXAMPLE 1 was dipped in a pH adjusted dilute hydrofluoric acid for 10 minutes. Then, a metal was deposited on
the surface of the thus obtained substrate. In Fig. 3, the line 3b represents the current-voltage characteristics of the
electrode sample. In this case, the dilute hydrofluoric acid was adjusted to pH 10. Comparison of the line 3b with the
line 3a shows that the interface resistance is improved to 1.5x10-2 Qcm?2. As demonstrated in the instant example, pH
adjusted dilute hydrofluoric acid treatment is also cffective in decreasing interface lovol density.

EXAMPLE 7 Fabrication of a Schoftky Electrode Showing Less Leakage

Fig. 10 illustrates current-voltage characteristics of gold (Au) electrode on 6H-SiC(0001) face. Lines 10a, 10b and
10c show normai direction leakage currents and 10a'. 10b’ and 10¢' show reverse direction leakage currents. In the
case of SiC surface with usual 5% hydrofluoric acid treatment, the reverse direction leakage current was on the order
of 107 A/lem? (line 10a'). When oxidation/etching treatment was conducted, the reverse direction leakage current was
decreased to 10719 A/cm? or less (line 10b"), thus showing a drastically improvement in leakage characteristics by 12
digits. Furthermore, with additional boiling water treatment, the reverse direction leakage current was further improved
by 2 digits to 10-21 A/cm? (line 10c'). This indicates that oxidation/etching treatment and boiling water treatment which
accelerate flattening of the surface of the semiconductor weaken the pinning of the Schottky barrier. To note, in the
instant example, the electrode itself was subjected to no heat treatment. Therefore, the instant example clearly shows
that high quality Schottky electrode can be fabricated without heat treatment of the electrode.

EXAMPLE 8 Control of Pinning and Schottky Barrier Height

Fig. 11 illustrate Schottky barrier height for various metals deposited on 6H-SiC(0001) face. The horizontal axis
indicates work function of the metal. In the case of usual pretreatment with 5% hydrofluoric acid, the Schottky barrier
height does not substantially depend on the work function of the metal and S factor which indicates- an inclination of
the line is about 0.2 (line 11a). Then, atomic level flattening of SiC was conducted by oxidation/etching treatment, S=0.8
was obtained, which indicates aimost pinning free state (line 11b). Further, boiling water treatment gives rise to S=1.0,
which indicates no pinning is observed (line 11c). Thus, the present invention realized pinning free state for those
semiconduclors which inherenlly show pinning. As a resull, lthe Schollky barrier height can be freely changed merely
by changing the work function of the metal as illustrated in Fig. 11 clearly. When the same metal is used, change in
the process of atomic level flatiening of the surface of the semiconductor results in varied Schottky barrier height. Note
that for Ti electrodes, Schottky barrier heights were theoretically estimated from contact resistance values.

Fig. 12 illustrates Schottky barrier heights of Schottky electrodes fabricated on 6H-SC(0001) substrates by the
conventional method and by the methods of the examples of the present invention. For strict comparison, conventional
electrodes were fabricated on clean surfaces and |-V characteristics values measured at room temperature were used.
The data of the conventional electrodes exist in the region (0). Ti, Mo and Au electrodes subjected to oxidation/etching
treatment and boiling water treatment according to the present invention are plotted in regions (1), (1V) and (i), respec-
tively. The data show that the present invention made it possible to realize Schottky barrier heights beyond the lower
limit (region (1)) and beyond the upper limit (region () that were impossible to achieve by the conventional method.
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The Mo electrode plotted in region (IV) gives the same Schottky barrier height as that of the conventionat Ti electrode

having lower work function. This means that to give a certain Schottky barrier height, those metals that were considered

inappropriate in view of pinning action can be used in the method of the present invention.

As described above, Schottky barrier height of semiconductors can be freely controlled according to the present

s invention.
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The present invention has been described in detail with respect to an embodiment, and it will now be apparent
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from the foregoing to those skilled in the ant that changes and modifications may be made without departing from the
invention in its broader aspecis, and it is the intention, therefore, in the Appended claims to cover ail such changes
and modifications as fall within the true spirit of the invention.

Claims

1.

10.

1.

12.

13.

14.

A method of fabricating a layer of an electrode metal on a surface of a semiconductor, characterized by comprising
the step of:
decreasing a surface states density of said surface of said semiconductor.

A method of fabricating a layer of an electrode metal on a surface of a semiconductor, characterized by comprising
the step of:

controlling a Schottky barrier height of a rectifying Schottky electrode formed on said surface of said semi-
conductor.

The method as claimed in claim 2, characterized in that said control of the Schottky barrier height of said Schottky
electrode is carried out by controlling flatness of an electrode metalsemiconductor interface.

The melhod as claimed in claim 2, characterized in that said control of the Scholtky barrier height of said Schollky
electrode is carried out by controlling a step density on an atomic level of an electrode metal/semiconductor inter-
face.

The method as claimed in claim 2, characterized in that said control of the Schottky barrier height of said Schottky
electrode is carried out by controlling sciccting a work function of the metal.

The method as claimed in claim 2, characterized in that said control of the Schottky barrier height of said Schottky
electrode is carried out by controliing the Schottky barrier height of the Schottky electrode under conditions without
giving thermal hysteresis. ’

A method of fabricating a layer of an electrode metal on a surface of a semiconductor, characterized by comprising
the step of:

fabricating a Schottky electrode from a metal having a high work function, and fabricating an Ohmic electrode
from a metal having a low work function, for an n-type semiconductor, or

fabricating a Schottky electrode form a metal having a low work function and an Ohmic electrode from a metal
having a high work function, for a p-type semiconductor.

The method as claimed in any one of claims 2 to 7, characterized by further comprising the step of heating.

A method of fabricating an Ohmic electrode, characterized by comprising the step of: forming flat electrode metal/
semiconductor interface on an atomic level.

A method of fabricating an Ohmic electrode, characterized by comprising the step of: forming an electrode metal/
semiconductor interface having a low step density on an atomic level.

A method of fabricating an electrode,
characlericed by comprising the slep of:

fabricating an Ohmic electrode as claimed in any one of claim 1to 10 in a highly integrated electronic device.

The method as claimed in any one of claims 1 to 11, characterized in that said semiconductor is made of a sem-
iconductor selected from the group consisting of Si and SiC.

The method as claimed in any one of claims 1 to 12, characterized in that said electrode metal is selected from
the group consisting of Al, Au, Mo and Ti.

A Schottky electrode structure provided on a semiconductor characterized by having an interface portion which is
flat on an atomic level.
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A Schottky electrode structure provided on a semiconductor characterized by having a Schotiky barrier height
which is impossible to realize by conventional method.

An Ohmic electrode structure provided on a semiconductor characterized by containing no high concentration
impurity.

An Ohmic electrode structure characterized by having a Schottky barrier height which is substantially zero.

The electrode structure as claimed in any one of claims 14 to 17, characterized in that said semiconductor is made
of a semiconductor selected from the group consisting of Si and SiC.

The electrode structure as claimed in any one of claims 14 to 17, characterized in that said electrode metal is
selected from the group consisting of Al, Au, Mo and Ti.

A method of fabricating an electrode,
characterized by comprising the step of:
oxidizing a surface layer of silicon or silicon carbide and removing the resulting oxide film.

The method as claimed in claim 20, characterized in that said oxidizing of the silicon or silicon carbide is carried
oul by healing the silicon or silicon carbide in an oxidalive gaseous atmosphere.

The method as claimed in claim 20, characterized in that said removing the oxide film is carried out by reacting
the oxide film with a reducing liquid or gas.

The method as claimed in any one of claims 20 to 22, characterized in that said silicon or silicon carbide is n-type
silicon or n-type silicon carbide, and wherein said electrode metal is a metal having a work function lower than that
of noble metals.

The method as claimed in any one of claims 20 to 22, characterized in that said silicon carbide is p-type silicon
carbide, and wherein said electrode material is a noble metal or a metal having a work function of a tevel substan-
tially equal to that of noble metals.

The method as claimed in claim 23, characterized in that said electrode material is titanium (T).

The method as claimed in claim 23, characterized in that said electrode material is aluminum (Al).

A method of producing a Schottky diode or other semiconductor device having electrodes which includes fabricating
electrodes by any method or combination of methods as claimed in any of claims 9 to 13 or 20 to 26 or which
includes fabricating electrodes by patterning or fabricating in a pattern a layer of electrode metal produced by any

method claimed in claims 1 to 8.

A semiconductor device having at least two metal electrodes formed on a semiconductor surface and wherein the
flatness of the semiconductor surface is different at each interface with said two respective metal electrodes.

A device according to claim 28 wherein the electrodes are ohmic and Schotiky electrodes respectively, and the
interfaces therewith are atomicaily flat and other than atomically fiat respectively.
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9oy of relevant passages to claim APPLICATION (Int.CL.6)
X S. M. SZE: "Physics or Semiconductor 2.5.7.8,| HO1L21/235
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1981 , JOHN WILEY & SONS , NEW YORK !
XP002063071
* page 245 - page 311 =*
X US 4 301 592 A (LIN HUNG CHANG) 24 1
November (981 :
* column 2, line 63 - column 3, line 32;
figures 2.3 *
X EP 0 111 364 A (PHILIPS NV) 20 June 1984 (2.7
+* abstract; figure 2 =
X ADEGBOYEGA G A ET AL: "SCHOTTKY CONTACT [20.22

TECHNICAL FIELDS

{Int.C1.6)}
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Clams nct seascned :
Qeason for the limdation cf tha search.
see sheet C
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4 .- - Y
THE HAGUE 15 June 1998 | Konigstein.
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EP 0 789 388 A3

o)) European Patent INCOMPLETE SEARCH Spstication Mumtme
fice ) SHEETC EP 96 30 6139

Claim(s) searched completely:
1-5,7-14,16-29

Claim(s) segrched incompletely:

»

Reason for the limitation of the search:

The subclaim 6 describes the fabrication of a Schottky electrode
characterized in that the Schottky barrier height is controlled 'under
conditions without giving thermal hysteresis'.

The claim 15 describes a Schottky electrode characterised by having a
Schottky barrier height 'which is impossible to realize by conventional
method’.

The wording used in these two claims is not clear {Art. 84 EPC).

In claim 6, it is not clear what (effect) gives the thermal hysteresis
and how this can be achieved.

In claim 15, it is not clear what is meant with 'conventional method'.
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European Patent PARTIAL EUROPEAN SEARCH REPORT Application Number

Office

EP 96 30 6139
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Category.

—_—

Citation of document with ingication. wnere approprnate.
of relevant passages

CLASSIFICATION OF THE
APPLICATION tnt.CL6)

Relevant
to ctonm

EPO POAM 1503 03,02 (PO4C10)

CHANDRIKA NARAYAN: “"TUNING OF THE
SCHOTTKY BARRIER HEIGHT USING BI-METALLIC
LAYERED STRUCTURES"

APPLIED PHYSICS LETTERS,

vol. 59, no. 20. 11 November 1991,

pages 2541-2542, XP000330120

* the whole document =*

PATENT ABSTRACTS OF JAPAN

vol. 095, no. 003. 28 April 1995

& JP 06 333892 A (FUJI ELECTRIC CORP RES
& DEV LTD), 2 December 1994,

* abstract =

US 5 087 322 A (LILLIENFELD DAVID ET AL)
11 February 1992

* the whole document *

EP 0 452 661 A {IBM) 23 October 1991

* the whole document *

US 4 060 820 A (PUCEL ROBERT A ET AL) 29
November 1977

* the whole document #*

TERAJI T ET AL: "Ohmic contacts to n-type
6H-SiC without post-annealing”
III-NITRIDE. SIC AND DIAMOND MATERIALS FOR
ELECTRONIC DEVICES. SYMPOSIUM,
ITI-NITRIDE. SOC AND DIAMOND MATERIALS FOR
ELECTRONIC DEVICES. SYMPOSIUM, SAN
FRANCISO. CA, USA, 8-12 APRIL 1996. 1996,
PITTSBURGH, PA, USA, MATER. RES. SOC. USA.
pages 149-154 . XP002068069

* the whole document *
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i
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1-4,
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European Patent PARTIAL EUROPEAN SEARCH REPORT

Otfice

Application Number

EP 96 30 6139

DOCUMENTS CONSIDERED TO BE RELEVANT

CLASSIFICATION OF THE
APPLICATION (Int.CL.6)

Cateyory

Citation of document with indication where appropriate.
of relevant passages

—

Relevant
1o claim

P.X

HARA S ET AL: "Pinning-controlled
metal/semiconductor interfaces”

THIRD INTERNATIONAL CONFERENCE ON
INTELLIGENT MATERIALS. THIRD EUROPEAN
CONFERENCE ON SMART STRUCTURES AND
MATERIALS, LYON, FRANCE. 3-5 JUNE 1996.
vol. 2779, ISSN Q277-786X. PROCEEDINGS OF
THE SPIE - THE INTERNATIONAL SOCIETY FOR
OPTICAL ENGINEERING, 1996, SPIE-INT. SOC.
OPT. ENG, USA,

pages 802-806, XP002068070

* the whole document *

EPO FORM 1602 01.82 (P04C10)

1.2,7

TECHNICAL FIELDS
SEARCHED (int.C1.6)

DOCID: <EP__0789388A3 | >
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

08791 7590 06/21/2004

BLAKELY SOKOLOFF TAYLOR & ZAFMAN
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025

| EXAMINER J

KANG, DONGHEE

| ART UNIT PAPER NUMBER J

2811
DATE MAILED: 06/21/2004

[ APPLICATION NO. | FILING DATE | ATTORNEY DOCKET NO. I CONFIRMATION NO.
10/342,576 01/14/2003 3771P004 9775
TITLE OF INVENTION: INSULATED GATE FIELD EFFECT TRANSISTOR HAVING PASSIVATED SCHOTTKY BARRIERS TO THE CHANNEL

FIRST NAMED INVENTOR

Daniel E. Grupp

PUBLICATION FEE ] TOTAL FEE(S) DUE ] DATE DUE J

09/21/2004

[ APPLN. TYPE ]
nonprovisional YES $665 $300 $965

SMALL ENTITY | ISSUE FEE [

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL

BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.
If the SMALL ENTITY is shown as NO:

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (if
required) and twice the amount of the ISSUE FEE shown above
and notify the United States Patent and Trademark Office of the

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

change in status, or O Applicant claims SMALL ENTITY status.

See 37 CFR 1.27.

1I. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

IH. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timel¥ Payment of maintenance fees when due,
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail = Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiljed{,. Blocks 1 through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
ingicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Legibly mark-up with any corrections or use Block 1)

Note: A certificate of _mailir)g can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying

apers. Each additional paper, such as an assignment or formal drawing, must
08791 7590 06/21/2004 Eave its own certificate of mailing or transmission.
BLAKELY SOKOLOFF TAYLOR & ZAFMAN Certificate of Mailing or Transmission
[ hereby certify that this Fee(s) Transmittal is being deposited with the United
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR States Postal Service with sufficient postage for first class mail in an envelope
LOS ANGELES, CA 90025 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

transmitted to the USPTO, on the date indicated below.

(Depositor's name}

(Signature)
(Date)
[ APPLICATION NO. ] FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
10/342,576 01/14/2003 Daniel E. Grupp 3771P004 9775
TITLE OF INVENTION: INSULATED GATE FIELD EFFECT TRANSISTOR HAVING PASSIVATED SCHOTTKY BARRIERS TO THE CHANNEL
l APPLN. TYPE | SMALL ENTITY ] ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE l
nonprovisional YES $665 $300 $965 09/21/2004
[ EXAMINER | ART UNIT | CLASS-SUBCLASS ]
KANG, DONGHEE 2811 257-024000

1. Chanfe of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1) the
CFR 1.363). names of up to 3 registered patent attorneys or |

O Change of correspondence address (or Change of Correspondence agents OR’ altematively, (2) thc. name of a single
Address form PTO/SB/122) attached. firm (having as a member a registered attorney or 5

N L agent) and the names of up to 2 registered patent
0 "Fee Address" indication (or "Fee Address" Indication form o i
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer aqueys or dents. If no name is listed, no name 3
Number is required. will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assigll}ee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is onl{( appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent); QO individual O corporation or other private group entity {3 government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
0 Issue Fee 0 A check in the amount of the fee(s) is enclosed.
Q Publication Fee O Payment by credit card. Form PTO-2038 is attached.
3 Advance Order - # of Copies O The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

Director for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attomeg or a}gent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information is required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary dependinF upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Alexandria, Virginia
22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO IéFH[ qlag SS.
SEND TO: Commissioner for Patents, Alexandria, Virginia 22313-1450, EXNibit age[151

Under the Paperwork Reduction Act of 1995, no %ersons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UuSpto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR [ATTORNEY DOCKET NO. | CONFIRMATION NO. J
10/342,576 01/14/2003 Daniel E. Grupp 3771P004 9775
08791 7590 06/21/2004 r EXAMINER |
BLAKELY SOKOLOFF TAYLOR & ZAFMAN KANG, DONGHEE
12400 WILSHIRE BOULEVARD, SEVENTH FLOOR
LOS ANGELES, CA 90025 I ART UNIT | PAPERNUMBER |

2811

DATE MAILED: 06/21/2004

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
. . 10/342,576 GRUPP ET AL.
Donghee Kang 2811

-- Th MAILING DATE of this communication appears on the cover sheet with the correspond nce address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 05-07-04.
2. X The allowed claim(s) is/are 1-16 and 34-49.
3. X The drawings filed on 04-12-04 are accepted by the Examiner.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[d Al b)[J Some* c¢)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [ ] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.
(a) ] including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-848) attached
1) [ hereto or 2) (] to Paper No./Mail Date .

(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachm nt(s)

1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ interview Summary (PTO-413),
. ‘ Paper No./Mail Date .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. O Examiner's Amendment/Comment
Paper No./Mail Date 05-07-04
4. [J] Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance
of Biological Material 9. [ Other

fglonleo—

Donghee Kang
Primary Examiner
Art Unit: 2811
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