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19. (Original) The electrical junction of claim 16, wherein the semiconductor comprises

silicon, and the monolayer of semiconductor oxide comprises a monolayer of an oxide of

silicon.

20. (Original) The electrical junction of claim 16, wherein the interface layer further

comprises a metal oxide.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 15/728,002

First Named Inventor: Daniel E. Grupp
Filed: 10/09/2017

Art unit: 2896

Examiner: Harrison, Monica D.

Docket No.: 3771-0003-DCo

Confirmation No.: 3176

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

AMENDMENT

Dear Commissioner:
Responsive to the office action dated February 26, 2018, reconsideration of this
application in view of the following amendments and remarks is respectfully requested.
Amendments to the claims are set forth in the listing of claims beginning on
page 2.

Remarks begin on page 6.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
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Application No. Applicant(s)
15/728,002 GRUPP ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Monica D. Harrison 2896 ,S\ltgt”s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS 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 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
)X Responsive to communication(s) filed on 5/22/18.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] 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*
5[ Claim(s) 1-20 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)X] Claim(s) 1-14 is/are allowed.
7)IX Claim(s) 15-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: 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).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) l:l Other-

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20180913
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Application/Control Number: 15/728,002 Page 2
Art Unit: 2896

The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION
1. Applicant’s arguments and amendments filed 5/22/18 have been entered and
considered.
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of pre-AIA 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.

Claim(s) 15-20 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by
Tsu (5,216,262).

2. Regarding claim 15, Tsu discloses an electrical junction (Figure 3) comprising an
interface layer (Figure 3, reference a-Si0,) disposed in an electrically conductive path between a
contact metal (Figure 3, above reference a-Si0O; ) and a semiconductor (Figure 3, reference Si),
the interface layer comprising a monolayer of semiconductor oxide (Figure 3, reference a-Si0O).

3. Regarding claim 16, Tsu discloses wherein the monolayer of semiconductor oxide
(Figure 3, reference a-Si0O;) comprises a monolayer of an oxide of the semiconductor (column 2,
lines 5-9).

4. Regarding claim 17, Tsu discloses wherein the oxide of the semiconductor of the
interface layer (Figure 3, reference a-SiQO) is adjacent the semiconductor (Figure 3, reference

Si).
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5. Regarding claim 18, Tsu discloses wherein the contact metal is a metal (Figure 3,
above reference a-Si0;) or a stack of metals deposited on the interface layer (Figure 3, reference
a-Si0,).

6. Regarding claim 19, Tsu discloses wherein the semiconductor comprises silicon
(Figure 3, reference Si) and the monolayer of semiconductor oxide comprises a monolayer of an
oxide of silicon (Figure 3, reference a-Si0;).

7. Regarding claim 20, Tsu discloses wherein the interface layer further comprises a
metal oxide (Figure 3).

Allowable Subject Matter

8. The following is an examiner’s statement of reasons for allowance:

The prior art does not disclose nor fairly suggest an electrical junction, comprising:
wherein said passivating dielectric tunnel barrier layer is configured to increase a height of a
Schottky barrier between the metal electrical contact and the semiconductor region from that
which would exist at a contact junction between the metal electrical contact and the
semiconductor region without the dielectric tunnel barrier layer disposed therebetween (claim 1)
nor wherein said semiconductor region and said metal electrical contact have asymmetric
electrical potentials that are further apart from one another than would exist at a contact junction
between the metal electrical contact and the semiconductor region without the passivating
dielectric tunnel barrier layer disposed therebetween (claim 8) as described in the independent
claims and in the context of their recited apparatus’ along with their depending claims.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
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Application/Control Number: 15/728,002 Page 4
Art Unit: 2896

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for
Allowance.”
Response to Arguments

0. Applicant’s arguments with respect to claims 15-20 have been considered but are
moot because the arguments do not apply to any of the references being used in the current
rejection.

Conclusion

10. Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

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

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Monica D. Harrison whose telephone number is (571)272-1959.

The examiner can normally be reached on M-F 7:00am-3:30pm.
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Application/Control Number: 15/728,002 Page 5
Art Unit: 2896

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sue Purvis can be reached on 571-272-1236. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Monica D. Harrison/
Primary Examiner, Art Unit 2896

mdh
September 13, 2018
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Doc code: RCEX PTO/SB/30EFS (02-18)

Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | L5756 602 Filing | b417.10-00 Docket Number | |77, 1003 poe At | beoe
Number Date (if applicable) Unit

First Named Daniel E. Grupp Examiner Hamison, Monica D.

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design applicaticn. The Instruction Sheet for this form is located at WWW.USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the crder
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

] Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

[ ] Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

[X] Enclosed

X Amendment/Reply
Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17{i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No F505798

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of inforrnation unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

Tarek N. Fahmi/

Date (YYYY-MM-DD) E01 8-12-14 I

Name

Tarek N. Fahmi

Registration Number

F1402

This collection of information is required by 37 CFR 1.114. 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.8.C. 122 and 37 CFR 1.11 and 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 depending 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,

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

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 353 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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REMARKS

Reconsideration of this application is respectfully requested. The rejection of
claim 15-20 should be withdrawn because independent claim 15 recites an electrical
junction comprising an interface layer disposed in an electrically conductive path
between a contact metal and a semiconductor, the interface layer comprising a monolayer

of semiconductor oxide, while the cited reference Tsu describes no such junction.

The Office Action cites Figure 3 of Tsu as illustrating a junction having a an
interface layer of a-SiO; disposed in an electrically conductive path between a contact

metal and a semiconductor. This is not so.

Tsu’s Figure 3 illustrates a conventional MOSFET, Tsu at 3:14-15, and what is
illustrated is the gate junction therein. Notice that when describing Figure 3, Tsu is
referencing the switching speed of the device. 3:46-51. Tsu makes clear that the a-Si0O» in
Figure 3 “[serves] as the insulating layer between the metal gate and the silicon”. /d. at
55-56 (emphasis added). An “insulating layer” such as the gate oxide layer shown in
Tsu’s Figure 3, is not “disposed in an electrically conductive path between a contact
metal and a semiconductor.” Instead, the very purpose of the gate oxide (the aSiO2 layer
in Tsu) is to prevent conduction (that is, current flow) between the metal gate (the contact

metal) and the silicon (the semiconductor).

Even if one considers the purported invention in Tsu—replacement of the a-Si02
insulating layer with a strained layer superlattice of Si0,/Si1/S10,/Si, etc.—Tsu still
cannot be read as teaching or suggesting an interface layer disposed in an electrically
conductive path between a contact metal and a semiconductor. The strained layer
superlattice of S10,/S1/S10,/Si, etc. is still an insulating layer, which does not allow for
an electrically conductive path between a contact metal and a semiconductor. See Tsu at

4:54-58; 5:18-19 (noting that the composites of Si0»/Si/S10,/Si serve as barriers).

For at least these reasons, the rejections in view of Tsu should be withdrawn.

5
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If there are any additional fees due in connection with this communication, please
charge Deposit Account No. 50-5798.
Respectfully submitted,
Ascenda Law Group, PC

Dated: December 14, 2018 /larek N. FFahmi/

Tarek N. Fahmi
Reg. No. 41,402

333 W San Carlos, St., Ste. 200
San Jose, CA 95110
(866) 877-4883
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Listing of claims

1. (Original) An electrical junction, comprising:

a semiconductor region in a substrate;

a metal electrical contact to said semiconductor region; and

a passivating dielectric tunnel barrier layer between said semiconductor region
and said metal electrical contact, said semiconductor region being electrically connected
to said metal electrical contact through said passivating dielectric tunnel barrier layer,
wherein said passivating dielectric tunnel barrier layer is configured to increase a height
of a Schottky barrier between the metal electrical contact and the semiconductor region
from that which would exist at a contact junction between the metal electrical contact and
the semiconductor region without the dielectric tunnel barrier layer disposed

therebetween.

2. (Original) The electrical junction of claim 1, wherein the metal electrical contact
comprises one of: platinum (Pt), iridium (Ir), gold (Au), tungsten (W), nickel (Ni),
molybdenum (Mo), copper (Cu), cobalt (Go), or palladium (Pd).

3. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises one of: Si, Ge, C, an alloy of Ge and Si, an alloy of Ge and C, an alloy of Si
and C, and an alloy of Si, Ge, and C.

4. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises C, a crystal structure of which is one of: a diamond lattice, a fulleride or a

polymer.

5. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises an n-type semiconductor and the conductor comprises one of: platinum (Pt),
iridium (Ir), gold (Au), tungsten (W), nickel (Ni), molybdenum (Mo), copper (Cu), cobalt
(Go), or palladium (Pd).

2
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6. (Original) The electrical junction of claim 1, wherein the semiconductor region

comprises a p-type semiconductor.

7. (Original) The electrical junction of claim 6, wherein the metal electrical contact
comprises one of: aluminum (Al), rubidium (Rb), barium (Ba), indium (In), titanium (T1),
chromium (Cr), tantalum (Ta), cesium (Cs), magnesium (Mg), erbium (Er), ytterbium

(Yb), manganese (Mn), lead (Pb), silver (Ag), yttrium (Y), and zinc (Zn).

8. (Original) An electrical junction, comprising:

a semiconductor region in a substrate;

a metal electrical contact to said semiconductor region; and

a passivating dielectric tunnel barrier layer between said semiconductor region
and said metal electrical contact, said semiconductor region being electrically connected
to said metal electrical contact through said passivating dielectric tunnel barrier layer,

wherein said semiconductor region and said metal electrical contact have
asymmetric electrical potentials that are further apart from one another than would exist
at a contact junction between the metal electrical contact and the semiconductor region

without the passivating dielectric tunnel barrier layer disposed therebetween.

9. (Original) The electrical junction of claim 8, wherein the metal electrical contact
comprises one of: platinum (Pt), iridium (Ir), gold (Au), tungsten (W), nickel (Ni),
molybdenum (Mo), copper (Cu), cobalt (Go), or palladium (Pd).

10. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises one of: Si, Ge, C, an alloy of Ge and Si, an alloy of Ge and C, an alloy of Si
and C, and an alloy of Si, Ge, and C.

11. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises C, a crystal structure of which is one of: a diamond lattice, a fulleride or a

polymer.

3
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12. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises an n-type semiconductor and the conductor comprises one of: platinum (Pt),
iridium (Ir), gold (Au), tungsten (W), nickel (Ni), molybdenum (Mo), copper (Cu), cobalt
(Go), or palladium (Pd).

13. (Original) The electrical junction of claim 8, wherein the semiconductor region

comprises a p-type semiconductor.

14. (Original) The electrical junction of claim 13, wherein the metal electrical contact
comprises one of: aluminum (Al), rubidium (Rb), barium (Ba), indium (In), titanium (T1),
chromium (Cr), tantalum (Ta), cesium (Cs), magnesium (Mg), erbium (Er), ytterbium
(Yb), manganese (Mn), lead (Pb), silver (Ag), yttrium (Y), and zinc (Zn).

15. (Previously Presented) An electrical junction comprising an interface layer disposed
in an electrically conductive path between a contact metal and a semiconductor, the

interface layer comprising a monolayer of semiconductor oxide.

16. (Original) The electrical junction of claim 15, wherein the monolayer of

semiconductor oxide comprises a monolayer of an oxide of the semiconductor.

17. (Original) The electrical junction of claim 16, wherein the oxide of the semiconductor

of the interface layer is adjacent the semiconductor.

18. (Original) The electrical junction of claim 16, wherein the contact metal is a metal or

a stack of metals deposited on the interface layer.

19. (Original) The electrical junction of claim 16, wherein the semiconductor comprises
silicon, and the monolayer of semiconductor oxide comprises a monolayer of an oxide of

silicon.

20. (Original) The electrical junction of claim 16, wherein the interface layer further

comprises a metal oxide.

4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 15/728,002

First Named Inventor: Daniel E. Grupp
Filed: 10/09/2017

Artunit: 2896

Examiner: Harrison, Monica D.

Docket No.: 3771-0003-D(C9

Confirmation No.: 3176

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

AMENDMENT

Dear Commissioner:

Responsive to the office action dated September 20, 2018, reconsideration of this
application in view of the following remarks is respectfully requested.

A Listing of the claims is set forth beginning on page 2.

Remarks begin on page 5.
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Doc code: IDS

Dec description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

Application Number 15728002
Filing Date P017-10-09
First Named Inventor |Paniel E. Grupp
Art Unit 2896

Examiner Name

Harrison, Monica D

Aftorney Docket Number

3771-0003-DC9

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1 H689869 1987-09-1 UAMBOTKAR,; et al.
2 5191322 1993-03-02 KATAYAMA; et al.
3 H689130 1997-11-18 ODKABE; et al.
4 5228732 P001-05-08 RICHARDSON; et al.
5 0425277 P016-08-23 GRUPP; et al.

If you wish to add additional U.S. Patent citation information please click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 0040159865 P004-08-19 JALLEN; et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

EFS Web 2.1.18
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Application Number 15728002
Filing Date 2017-10-09

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.9%)

First Named Inventor | Daniel E. Grupp
Art Unit 2896

Examiner Name Harrison, Monica D

Aftorney Docket Number 3771-0003-DC9

Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PR Passages or Relevant

Document ,

Figures Appear
NFINEON
1 002/043109 WO A2 2002-05-30 ECHNOLOGIES AG,; et
I

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 9 Applicant is to place a check mark here if|
English language translation is attached.
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Application Number 15728002

Filing Date 2017-10-09

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor | Daniel E. Grupp

L. Art Unit 2896
( Not for submission under 37 CFR 1.9%)

Examiner Name Harrison, Monica D

Aftorney Docket Number 3771-0003-DC9

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection({s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature Tarek N. Fahmi/ Date (YYYY-MM-DD) 2018-12-14
Name/Print Tarek N. Fahmi Registration Number 41402

This collection of information is required by 37 CFR 1.97 and 1.98. 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.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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2/43109 A2

=
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(19) Weltorganisation fiir geistiges Eigentum

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

Internationales Biiro

(43) Internationales Verdffentlichungsdatum

(10) Internationale Verosffentlichungsnummer

30. Mai 2002 (30.05.2002) PCT WO 02/43109 A2
(51) Internationale Patentklassifikation”: HO1L  (72) Erfinder; und

(75) Erfinder/Anmelder (nur fiir US): HOFMANN, Franz
(21) Internationales Aktenzeichen: PCT/DE01/04358 [DE/DE]; Herbergstrasse 25B, 80995 Miinchen (DE).

X RISCH, Lothar [DE/DE]; Tizianstr. 27, 85579 Neubiberg
(22) Internationales Anmeldedatum: (DE). ROESNER, Wolfgang [DE/DE]; Sudetenstrasse
21. November 2001 (21.11.2001) 23, 85521 Ottobrunn (DE).

(25) Einreichungssprache: Dcutsch

(74) Anwalt: VIERING, JENTSCHURA & PARTNER;
(26) Verdiffentlichungssprache: Deutsch Steinsdorfstr. 6, 80538 Miinchen (DE).

(30

71)

Angaben zur Prioritit:

100 57 704.0 21. November 2000 (21.11.2000) DE

Anmelder (fiir alle Bestimmungsstaaten mil Ausnahme von
US): INFINEON TECHNOLOGIES AG [DE/DE]; St.-
Martin-Strasse 53, 81669 Miinchen (DE).

81)

84

Bestimmungsstaaten (national): JP, KR, US.

Bestimmungsstaaten (regional): europiisches Patent (AT,
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(57) Abstract: The invention relates to a planar field effect transistor comprising a barrier layer that lies adjacent to and/or below
& part of the gate region. Said barricr layer is configured between the source region and the channel region and/or between the drain
region and the channel region in such a way that there is practically no diffusion of the doping atoms from the source region and the
drain region into the channel region, but that electric charge carriers can tunnel through the barrier layer.
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Verdoffentlicht:
—  ohne internationalen Recherchenberichi und erneul zu
verdffentlichen nach Erhalt des Berichts

Zur Erkidrung der Zweibuchstaben-Codes und der anderen
Abkiirzungen wird auf die Erkidrungen ("Guidance Noles on

Codes and Abbreviations") am Anfang jeder reguldiren Ausgabe
der PCT-Gazette verwiesen.

(57) Zusammenfassung: Ein planarer Feldeffekttransistor weist eine Barriereschicht neben dem Gate-Bereich und/oder unter einem
Teil des Gate-Bereichs auf, wobei die Barriereschicht zwischen dem Source-Bereich und dem Kanalbereich und/oder zwischen dem
Drain-Bereich und dem Kanalbereich derart ausgestaltet ist, dass im wesentlichen kein Diffundieren der sich in dem Source-Bereich

und dem Drain-Bereich befindlichen Dotieratome in den Kanalbereich erfolgen kann, jedoch ein Tunneln elektrischer Ladungstriger
durch die Barriereschicht moglich ist.
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Beschreibung

Verfahren zum Herstellen eines planaren Feldeffekttransistors

und planarer Feldeffekttransistor

Die BErfindung betrifft ein Verfahren zum Herstellen eines
planaren Feldeffekttransistors und einen planaren
Feldeffekttransistor.

Ein Feldeffekttransistor ist aus [1] bekannt. Der
Feldeffekttransistor aus [1l] ist ein vertikaler
Feldeffekttransistor, bei dem ein Gate-Bereich senkrecht zur
Richtung des Elektronenflusses zwischen einem Source-Bereich
und einem Drain-Bereich angeordnet ist. Der
Feldeffekttransistor aug [l] weist einen Source-Bereich,
einen Drain-Bereich, einen Gate-Bereich sowile einen
Kanalbereich auf, wobei alle Bereiche aus Polysilizium
hergestellt sind. Zwischen dem Source-Bereich und dem
Kanalbereich ist eine erste elektrisch isolierende Schicht
aus Nitrid (erste Tunnelbarriere) ausgebildet. Ferner ist
zwischen dem Drain-Bereich und dem Kanalbereich eine zweite
elektrisch isolierende Schicht aug Nitrid (zweite
Tunnelbarriere) ausgebildet. Die erste elektrisch isolierende
Schicht und die zweite elektrisch isolierende Schicht weisen

jeweils eine Dicke von ungefdhr 2 nm auf.

Hiufig ist es insbesondere hinsichtlich der elektrischen
Eigenschaften des Kanalbereichg wiinschenswert, dass
insbesondere der Kanalbereich aus monokristallinem Silizium

hergestellt wird.

Die Ausbildung eines Kanalbereichs aus monokristallinem
Silizium ist bei dem Herstellungsverfahren aus [1] nicht
mdglich, insbesondere da die Nitridschichten in dem
Herstellungsverfahren aus [l] gemeinsam mit polvkristallinem
Silizium hergestellt werden k&énnen.
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2
Weiterhin ist eine tibersicht tber Oxynitride in [2] zu

finden.

[3] beschreibt einen Feldeffekttransistor sowie ein
Herstellungsverfahren zum Herstellen des
Feldeffekttransistors, wobei die Source-/Drain-Bereiche als
dotierte, monokristalline Siliziumbereiche ausgestaltet sind.
Das Herstellungsverfahren gemdf [3] ist relativ aufwendig und
somit teuer.

In [{4] ist ferner ein planarer Feldeffekttransistor
beschrieben mit einer Barriereschicht, wobei die
Barriereschicht zwischen dem Source-Bereich und dem
Kanalbereich und/oder zwischen dem Drain-Bereich und dem
Kanalbereich derart ausgebildet ist, dass kein Tunneln
elektrischer Ladungstriger durch die Barriereschicht in das
Substrat mdglich ist.

Somit liegt der Erfindung das Problem zugrunde, einen
Feldeffekttransistor mit jeweils einer elektrisch
isolierenden Schicht zwischen dem Source-Bereich und dem
Kanalbereich bzw. dem Drain-Bereich und dem Kanalbereich
anzugeben, bei dem der Kanalbereich aus monokristallinem

Silizium hergestellt sein kann.

Das Probiem wird geldst durch ein Verfahrens zum Herstellen
eines planaren Feldeffekttransistors und durch einen planaren
Feldeffekttransistor mit den Merkmalen gemiR den unabhingigen
Patentanspriichen.

Ein Verfahren zum Herstellen eines planaren
Feldeffekttransistors weilst folgende Schritte auf:

° Bilden einer isolierenden Schicht auf einem Substrat:

® Bilden eines Gate-Bereichs auf der isolierenden Schicht;

® Bilden mindestens eines Spacers auf der isolierenden
Schicht;
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Bilden einer Barriereschicht neben der isolierenden
Schicht und/oder unter einem Teil der isolierenden
Schicht;
Abscheiden eines Source-Bereichs auf der einen Seite des
Gate-Bereichs und Abscheiden eines Drain-Bereichs auf
der anderen Seite deg Gate-Bereichs und eines
Kanalbereichs unterhalb der isolierenden Schicht
zwischen dem Source-Bereich und dem Drain-Bereich; und
Bilden einer Barriereschicht zwischen dem Source-Bereich
und dem Kanalbereich und/oder zwischen dem Drain-Bereich
und dem Kanalbereich derart, dass im Wesentlichen kein
Diffundieren der sich in dem Source-Bereich und dem
Drain-Bereich befindlichen Dotier-Atome in den
Kanalbereich erfolgen kann, jedoch ein Tunneln
elektrischer Ladungstréger durch die Barriereschicht in
den Kanalbereich und in das Substrat mdglich ist.

Das Problem wird ferner geldst durch einen planaren
Feldeffekttransistor mit

L]

(=]

@

einem elektrisch leitenden Substrat,

einem Drain-Bereich,

einem Source-Bereich,

einem Kanalbereich zwischen dem Drain-Bereich und dem
Source-Bereich,

einem Gate-Bereich auf der isolierenden Schicht, wobei
auf der isolierenden Schicht mindestens ein Spacer
angeordnet ist,

einer isolierenden Schicht zwischen dem Gate-Bereich und
dem Substrat

einer Barriereschicht neben dem Gate-Bereich und/oder
unter einem Teill des Gate-Bereichs,

wobei die Barriereschicht zwischen dem Source-Bereich
und dem Kanalbereich und/oder zwischen dem Drain-Bereich
und dem Kanalbereich derart ausgestaltet ist, dass im
wesentlichen kein Diffundieren der sich in dem Source-
Bereich und dem Drain-Bereich befindlichen Dotieratome

in den Kanalbereich erfolgen kann, jedoch ein Tunneln
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4
elektrischer Ladungstrédger durch die Barriereschicht in

den Kanalbereich und in das Substrat mdglich ist.

Bel dem planaren Feldeffekttransistor handelt es sich
anschaulich um eine Modifikation eines bekannten planaren
MOSFET (Metal Oxide Semiconductor Field Effect Transistor),
bei dem eine dinne Barriereschicht aus einem dielektrischen
Material zwischen dem Source-Bereich bzw. Drain-Bereich und

dem dazwischen liegenden Kanalbereich angeordnet ist.

Insbesondere aufgrund des Vorsehens eines planaren
Feldeffekttransistors und der entsprechenden Vorgehensweise
beim Herstellen des planaren Feldeffekttransistors wird es
nunmehr erstmals mdglich, den Kanalbereich aus
monokristallinem Silizium herzustellen, was erhebliche
Vorteile in den elektrischen Eigenschaften mit sich bringt.
Insbesondere durch die Verwendung von monokristallinem
Silizium in dem Kanalbereich wird die Beweglichkeit der
elektrischen Ladungstrédger in dem Kanalbereich im Vergleich
zu einem Kanalbereich, der aus polyvkristallinem Silizium
gebildet wird, um bis zu einem Faktor 100 und mehr
verbessert.

Gemdfs einer Ausgestaltung der Erfindung ist es somit
vorgesehen, den Kanalbereich aus monokristallinem Silizium

herzustellen.

Im Rahmen der Erfindung ist unter dem Ausdruck "diinn" eine
Barriereschichtdicke von vorzugsweise weniger als ungeféhr
2 nm zu verstehen, vorzugsweise von weniger als ungefdhr

1 nm.

Gleichzeitig wird zus&tzlich durch die Barriereschicht
erreicht, dass die sich in den Source- und Drain-Bereichen
befindlichen Dotieratome nicht aufgrund der zum Dotieren
notwendigen Schritte bei hoher Temperatur in den

dazwischenliegenden Kanalbereich des Substrats hinein
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diffundieren. Ein solches Diffundieren in den Kanalbereich
wlrde zu einem Verlaufen der Dotierprofile zwischen dem
Kanalbereich und dem Source-Bereich bzw. Drain-Bereich und
daher zu elner Verschlechterung der Steuerbarkeit des fur die
Schaltfdhigkeit des Transistors unerldsslichen Kanalbereichs

fiihren.

Des welteren ermdglicht die planare Anordnung des
erfindungsgemédfRen planaren Feldeffekttransistors eine erhdhte
Flexibilitat hinsichtlich des aAufbaus des
Feldeffekttransistors.

Beispielsweise ist es, wie untenstehend ausfihrlich

beschrieben, mdglich, je nach verwendetem Atzverfahren die

Barriereschicht

° nur neben der isolierenden Schicht des Gate-Komplexes,

® nur unter der isolierenden Schicht des Gate-Komplexes
odex

° neben und unter der isolierenden Schicht des Gate-
Komplexes

auszubilden.

Gegeniiber dem in [1l] beschriebenen, vertikalen
Feldeffekttransistor mit Barriereschichten, bei dem es
erforderlich igt, jede Schicht des Transistors mittels eines
getrennten Verfahrensschrittes aufzubauen, ist es
beispielsweise bel dem erfindungsgemidfien planaren
Feldeffekttransistor méglich, mehrere Komponenten des
Transistors, wie zum Beispiel Barriereschichten auf beiden
Seiten der Isolierschicht sowie den Source-Bereich und den
Drain-Bereich auf beiden Seiten der Isolierschicht
gleichzeitig, beispielsweise durch ein einziges
Abgcheideverfahren, zu bilden. Dadurch wird gegeniiber dem
Stand der Technik ein hohes Maf? an GleichmiRigkeit
hingichtlich der Dicke und der genauen Zusammensetzung der
erfindungsgemdfRen Barriereschicht sowie des Source-RBereichs

und des Drxain-Bereichs gewdhrleistet.
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Gemdfs einer Weiterbildung der Erfindung ist es fiir den Fall,
dass die Barriereschicht neben und unter einem Teil der
isclierenden Schicht gebildet werden soll, vorgesehen, das
Substrat vor dem Bilden der Barriereschicht neben und

teilweise unter der isolierenden Schicht isotrop wegzudtzen.

GemdfR einer anderen Weiterbildung der Erfindung ist es fiir

den Fall, dass die Barriereschicht nur unter einem Teil der
isolierenden Schicht gebildet werden soll, vorgesehen, das

Substrat vor dem Bilden der Barriereschicht neben und

tellweise unter der isolierende Schicht isotrop wegzuitzen.

Die Barriereschicht wird vorzugsweise in einer Dicke von 1 nm

oder weniger gebildet wird.

Der Spacer kann aus Si0Oy gebildet werden, beispielsweise

mittels eines TEOS-, Silanoxid-, LTO-, SACVD-, HTO-, PECVD-
oder eines Dep./Etch-Abscheideverfahrens.

GemdfR einer Ausgestaltung der Erfindung wird der Spacer in
einer Dicke von héchstens 50 nm, vorzugswelse in einer Dicke
von hdchstens 10 nm, gebildet.

Gemdfl einer Ausgestaltung der Erfindung wird die
Barriereschicht aus einem dielektrischen Material gebildet,
vorzugswelse aus einem Oxynitrid, beispielsweise einem in [2]

beschriebenen Oxynitrid.

Gemdf? einer welteren Ausgestaltung der Erfindung wird die

Barriereschicht aus Si0p oder Si3Ng gebildet.

Ausfihrungsbeigpiele der EBErfindung sind in den Figuren
dargestellt und werden im Weiliteren nidher erliutert.

Es zeigen
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Figuren la bis lc einen Zeitablauf eines
Herstellungsverfahrens gemdff einem ersten

Ausfihrungsbeispiel der Erfindung,

Figur 2 eine schematische Darstellung eines zweiten
AusfUhrungsbeispiels der Erfindung in
fertiggestelltem Zustand, und

Figur 3 ein weilteres Ausfiihrungsbeispiel der Erfindung in

fertiggestelltem Zustand.

Fig.la bis Fig.lc sind als Zeitablauf eines
Herstellungsverfahrens eines erfindungsgeméfen planaren

Feldeffekttransistors zu wverstehen.

Wie in Fig.la gezeigt ist, wird zunichst auf einem Substrat
103 eine isolierende Schicht 100 gebildet.

Das Substrat 103 besteht vorzugsweise aus einem fir den
Aufbau eines planaren Feldeffekttransistors geeigneten

Material, bevorzugt aus monokristallinem Silizium.

Die isolierende Schicht 100, auch als Gate-0xid (GOX)
bezeichnet, besteht aus einem elektrisch isolierenden
Material, wie beispielsweise Siliziumdioxid, und wird auf dem
Substrat 103 beispielsweise durch einen flir den Aufbau
solcher planaren Feldeffekttransistoren bekannten Vorgang,

wie beispielsweise durch thermische Oxidation gebildet.

Sodann wird der Gate-Bereich 101 alg eine Schicht leitf&higen
Materials, wie beispielswelse Polysilizium auf der
isolierenden Schicht 100 gebildet. Das fiir diesen Zweck
verwendete Silizium ist gemdf diesem Ausfithrungsbeispiel mit
Phosphor dotiert.
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Das Bilden des Gate-Bereichs 101 auf der isolierenden Schicht
100 erfolgt in bekannter Weise mit Hilfe von Photolithografie

und anisotropem Reaktiven Ionendtzen.

Das Bilden des Gate-Bereichs 101 auf der isolierenden Schicht
100 erfolgt gemdl diesem Ausfiihrungsbeispiel derart, dass
eine Schicht aus Siliziumdioxid auf dem Substrat aufgebracht
wird. Auf die Schicht aus Siliziumdioxid, die spiter die
isolierende Schicht 100 bildet, wird eine Schicht aus
Polysilizium aufgebracht, vorzugsweise mittels eines
Abscheideverfahrens (CVD-Verfahrens) aus der CGasphase,
vorzugswelse mittels eines Niederdruck-CvVD-Verfahrens.

In einem welteren Schritt wird die Polysiliziumschicht mit
Phosphoratomen dotiert.

Ferner wird auf die Schicht aus Polysilizium in einem
welteren Prozessschritt eine TEOS-Schicht aufgebracht (TEOS:
Tetra-Ethyl-Ortho-8ilicate).

Anschlieffend wird mittels Fotolithographie der spédtere Gate-

Bereich strukturiert.

Anschlieffend werden die TEOS-Schicht und die Schicht aus
Polysilizium geédtzt derart, dass ein Bereich oberhalb der
isolierenden Schicht 100 tbrig bleibt, so dass jeweils
seitlich neben den nicht weggedtzten Teilen der TEOS-Schicht
und der Schicht aus Polysilizium oberhalb der isolierenden
Schicht 100 Raum gebildet wird fiir in weiteren Schritten
gebildete Spacer.

In einem welteren Schritt wird eine weitere TEOS-Schicht
ganzfldchig aufgebracht und die Spacer 102 gebildet, indem
die TEOS-Schicht sowie die freigelegten Teile der
isolierenden Schicht 100 ganzflichig anisotrop bis auf das
Substrat 103 zurickgeidtzt werden, so dass nur die Spacer 102
bestehen bleiben.
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Der fertiggestellte Gate-Komplex 100-102 ist aus Fig.la
ersichtlich. Dieser wird durch die isolierenden Schicht 100,
den Gate-Bereich 101 und den Spacer 102 gebildet.

Nach dem Bilden des fertiggestellten Gate~Komplexes 100-~102
wird geméfz eines Ausfiihrungsbeispiels des Verfahrens das
Substrat 103 beidseitig dieses Gate-Komplexes 100-102 isotrop
weggedtzt, so dass sowohl neben als auch unter einem Teil des
Gate-Komplexes 100-102 ein Bereich des Substrats 103
ausgehdhlt wird.

Geméds diesem Ausflihrungsbeispiel der Erfindung ist es
vorgesehen, dass das Substrat 103 isotrop, d.h. nicht
anisotrop weggedtzt wird. Auf diese Weise wird gewdhrleistet,
dass es zu einer Unterdtzung unterhalb eines Teills der
isolierenden Schicht 100 kommt. Diese weggedtzten
Aussparungen 110 beidseitig des Gate-Komplexes 100-102 werden
letztendlich als der Source-Bereich bzw. der Drain-Bereich
des fertiggestellten planaren Feldeffekttransistors 111
dienen.

2Auf der sich durch das Wegdtzen des Substrats 103 ergebende
Oberflédche des Substrats 103 wird dann eine diinne,
dielektrische Schicht 104 aufgebracht.

Diese dinne, dielektrische Schicht 104 dient als die eingangs
erwdhnte Barriereschicht, die im Wesentlichen kein
Diffundieren der sich in dem Source-Bereich und dem Drain-
Bereich befindlichen Dotieratome in das umgebende Substrat
103, und besonders in den dazwischen liegenden Kanalbereich
108 hinein zuldsst, welche Barriereschicht jedoch ein Tunneln

elektrischer Ladungstriger durch sich selbst ermdglicht.
Beisgspilelsweise kann ein thermisches 0Oxid, ein Nitrid oder

eine Kombination aus einem Oxid und einem Nitrid fir die

Barriereschicht 104 verwendet werden.
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Bei dem Abscheiden des fir die Barriereschicht 104
verwendeten Materials ist zu beachten, dass die
Barriereschicht 104 in ihrem gesamten Verlauf in einer Dicke
von 2 nm oder weniger, vorzugswelse sogar nur in einer Dicke

von 1 nm oder weniger, gebildet werden sollte.

So wird bei der Barriereschicht 104 allgemein eine derartige
Dicke gewdhrleistet, dass das Tunneln der lLadungstriger aus
dem Source-Bereich und aus dem Drain-Bereich stattfinden
kann, widhrend jedoch kein Diffundieren der Dotierstoffe aus
dem Source-Bereich und/oder Drain-Bereich in das Substrat 103
oder in den zwischen dem Source-Bereich und dem Drain-Bereich

liegenden Kanalbereich 108 hinein erfolgt.

Fig.lc zeigt den planaren Feldeffekttransistor gemdfl diesem
Ausflihrungsbeispiel der Erfindung im fertiggestellten
Zustand.

Oberhalb der in Fig.lb aufgebrachten Barriereschichten 104
beidseitig des Gate-Komplexes 100-102 sind aus Fig.lc zwei
Bereiche 105, 109 ersichtlich, die den Source-Bereich 105
bzw. den Drain-Bereich 109 darstellen.

Diese Bereiche 105, 109 werden in bekannter Weise durch
Abscheiden von Polysilizium, das in der Regel mit Arsenatomen
dotiert ist, gebildet. Die Bereiche 105, 109 sind sehr hoch
dotiert, d.h. in der Regel bis zu einer Dichte von 1021 As~
Atome/cm—s. Aufgrund dieser besonders hohen
Dotierkonzentration kénnte es sehr leicht zu einem
unerwinschten Diffundieren dieser Dotieratome kommen, wenn es

keine Barriereschicht 104 gibe.

Mittels bekannter CMP-Verfahren (CMP = Chemical Mechanical
Polishing) wird sodann die mit Arsenatomen hochdotierte
Polysilizium Schicht geebnet und somit fiir den nichsten

Verfahrensschritt vorbereitet.
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Oberhalb des gesamten planaren Feldeffekttransistors wird

eine weitere elektrisch isolierende Schicht 106 abgeschieden.

- Die weitere isolierende Schicht 106 kann aus BPSG (Bor

Phosphor Silikat Glas) bestehen, das manchmal als
Zwischenoxid, oder ,Z0X“ bezeichnet wird. In die weitere
isolierende Schicht 106 werden sodann Kontaktldcher 107
gedtzt, die einen Kontakt zwischen der metallischen
Leiterbahn und dem Source-Bereich bzw. dem Drain-Bereich 109
bei der anschlieRfenden Metallisierung des planaren

Feldeffekttransistors ermdglichen.

Das Ausfliihrungsbeispiel des Verfahrens sowilie des planaren
Feldeffekttransistors 111, das in Fig.la bis Fig.lc
dargestellt ist, ergibt einen Feldeffekttransistor 111 wie in
Fig.lc gezeigt, beil dem die Barriereschicht 104 sowohl neben
als auch unter einem Teil der isolierenden Schicht 100
gebildet wird.

Im Gegensatz dazu zeligt Fig.2 als ein weilteres
Ausflihrungsbeispiel einen planaren Feldeffekttransistor 212
in fertiggestelltem Zustand, bei dem die Barriereschicht 204
lediglich unter einem Teil der isolierenden Schicht 200, d.h.'
nicht auch neben der isolierenden Schicht 200, gebildet ist.

Bei diesem Ausflihrungsbeilspiel der Erfindung erfolgt der
Aufbau des Gate-Komplexes, bestehend aus der isolierenden
Schicht 200, dem Gate-Bereich 201 und dem Spacer 202, in
analoger Weise wie flr Fig.la obenstehend beschrieben. Auch
das Abscheiden des Materials fiir die Barriereschicht 204
erfolgt in analoger Weise wie fiir Fig.la obenstehend

beschrieben.

Der in Fig.2 dargestellte planare Feldeffekttransistor 212
weist zweli Barrieren 204 sowie einen Source-Bereich 205 und
einen Drain-Bereich 206 auf unterhalb der isolierenden
Schicht 200 zwischen der isolierenden Schicht 200 und einer
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planaren freigelegten Fl&che 207. Jewelils eine der beiden
Barrieren 204 ist zwischen dem Source-Bereich 205 und dem
Kanalbereich 203 sowie zwilischen dem Drain-Bereich 206 und dem
Kanalbereich 203 angeordnet.

GemidR diesem Ausfiihrungsbeispiel werden die Barrieren 204
mittels einer thermischen Oxidation erzeugt, so dass die
Barrieren 204 automatisch in der in Fig.2 dargestellten Form
entstehen, weil die planare freigelegte Fldche 207 schon aus
dem vergrabenen Oxid des SOI-Ausgangsmaterials besteht.

Anschaulich entspricht diese Vorgehensweise dem Bilden eines

Ausgangsmaterials eines SOI-Komplexes (Silicon On Insulator).

So entsteht im fertiggestellten Zustand des planaren
Feldeffekttransistors 212 eine Barriereschicht 204 lediglich
zwischen dem Source-Bereich 206 und dem Kanalbereich 203
sowlie zwischen dem Drain-Bereich 205 und dem Kanalbereich
203.

In anderen Worten ausgedriickt bedeutet dies, dass es in
diesem Ausfihrungsbeispiel der Erfindung keine
Barriereschicht 204 zwischen dem Source-Bereich 206 bzw. dem
Drain-Bereich 205 und dem Substrat 209 gibt.

Eg ist anzumerken, dass bei diesem Ausfihrungsbeispiel der
Erfindung das Substrat 209 aus zweli unterteilten Abschnitten
207 und 208 besteht. Hierbei begteht der Substrat-Bereich 208
aus einem leitfdhigen Material, wie beispielsweise Silizium,
und der Substrat-Abschnitt 207 besteht vorzugsweise aus einem

nicht leitfdhigen Material, beispielsweise einem Oxid.

Die Beschaffenheit des Substrat-aAbschnitts 207 als nicht
leitfdhiges Material verhindert, dass Dotieratome in dem
Source-Bereich 205 bzw. dem Drain-Bereich 206 in das
darunterliegende Material des Substrats 209 hinein

diffundieren, und so den Kanalbereich 203 verunreinigen.
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Im Gegensatz dazu widre ein Diffundieren der Dotieratome in

‘dem Source-Bereich 205 bzw. dem Drain-Bereich 206 in den

dazwischen liegenden Kanalbereich 203 hinein ohne
Barriereschicht 204 sehr wohl mdglich, weshalb sich diese
Barriereschicht 204 zwischen dem Source-Bereich 206 bzw. dem
Drain-Bereich 205 und dem dazwischen liegenden Kanalbereich
203 befindet.

Der Aufbau desg in Fig.2 dreischichtig ausgestalteten
Substrats 209 erfolgt in einfacher Wéise vor dem Aufbau des
Gate-Komplexes 200-202. Der Aufbau erxrfolgt ausgehend von
einer Siliziumschicht 208, worauf eine nicht leitfidhige
isolierende Schicht 207 aufgebracht wird und schliefflich
durch das Aufbringen einer dritten Schicht aus Silizium auf
der isolierenden Schicht 207. Nach dem Wegidtzen bildet diese
dritte Schicht dann den Kanalbereich 203.

Auf den Source-Bereich 205, dem Gate-Komplex 200-202 sowie
dem Drain-Bereich 206 wird eine elektrisch isolierende
Schicht 210, vorzugsweise aus Siliziumdioxid, aufgebracht, in
die in einem weiteren Schritt Kontaktlocher 211 fir
Leiterbahnen ge&dtzt werden, die einen Kontakt zwischen der
metallischen Leiterbahn und dem Source-Bereich bzw. dem
Drain-Bereich 109 bei der anschliefenden Metallisierung des

planaren Feldeffekttransistors ermdglichen.

Fig.3 zeigt einen weiteren fertiggestellten, planaren
Feldeffekttransistor, der mittels des erfindungsgemilRen
Verfahrens ausgehend von dem noch nicht fertiggestellten
Feldeffekttransistor, der in Fig.la gezeigt ist, hergestellt

wird.

Beili der Herstellung des planaren Feldeffekttransistors in
Fig.3 wird nach dem Aufbau des Gate-Komplexes 100-102 auf dem
Substfat 103 in Fig.la (entspricht Gate-Komplex 300-302 bzw.
Substrat 307 in Fig.3) die Barriereschicht 304 direkt auf dem
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Substrat 307 gebildet, ohne dass das Substrat 307 im Voraus
weggedtzt wird. Die Barriereschicht 304 in Fig.3 wird also
ausschliefflich neben, d.h. weder ausschliefRlich unter (vgl.
Fig.2) noch unter und neben (vgl. Fig.lc) der Isolierschicht
300 gebildet. Der Source-Bereich 306 bzw. Drain-Bereich 305
des Feldeffekttransistors 309 in Fig.3 kann also direkt auf
der Barriereschicht abgeschieden werden, ohne dass eg im

Voraus eines weiteren Atzverfahrens bedarf.

Es ist anzumerken, dass das in Fig.3 gezeigte
Ausfihrungsbeispiel des planaren Feldeffekttransistors 309
gemdfR der Erfindung keinen Kanalbereich aufweist, welcher im
Gegensatz zu den Ausfihrungsbeispielen in Fig.lec und in
Fig.2, unmittelbar an der Barriereschicht 304 grenzt. Aus
Fig.3 ist ersichtlich, dass der Kanalbereich 308 beidseitig
um den Abstand 303 von den jeweiligen Barriereschichten 304
entfernt angeordnet ist. Der Abstand 303 ergibt sich aus der
Dicke des Spacers 302, der auf der isolierenden Schicht 300
gebildet ist. Die Bereiche 303 unterhalb der isolierenden
Schicht 300 liegen auferhalb des durch den Gate-Bereich 301
erzeugten Feldes; so dass bei angelegter Gate-Spannung die
Leitfdhigkeit der Bereiche 303 gegeniber derjenigen des
Kanalbereichs 308, der direkt in dem durch den Gate-Bereich

301 erzeugten Feld liegt, geringer ist.

Aus diesem Grund ist die Steuerbarkeit des planaren
Feldeffekttransistors in Fig.3 von dem Abstand 303 abhingig,
wobei ein gréRerer Abstand 303 zu einer verschlechterten
Steuerbarkeit des planaren Feldeffekttransistors 309 fiithrt.

Bei dem Aufbau des planaren Feldeffekttransistors 309 in
Fig.3 ist also verfahrenstechnisch darauf zu achten, dass der
auf der isolierenden Schicht 300 gebildete, nicht leitfdhige
Spacer 302 durch entsprechende Einstellung des zur Bildung
dieses Spacers verwendeten Abscheideverfahrens moglichst dinn

gebildet wird.
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Bevorzugt wird der Spacer in einer Dicke von héchstens 10 nm
gebildet, so dass die Absténde 303 klein genug sind, um eine
Diffusion von Ladungstrdgern durch die weniger gut
leitfdhigen Bereiche 303 des Substrats 307 beidseitig des
Kanalbereichs 308 zu ermdglichen und daher eine gute
Steuerbarkelt des planaren Feldeffekttransistors zu
gewdhrleisten.
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In diesem Dokument sind folgende Verdffentlichungen zitiert:

[1] T. Kisu, K. Nakazato, Silicon stacked transistor with
source and drain tunnel barriers, Proceedings of the
29th European solid-state device research conference
ESSDERC, S. 532, 1999.

[2] V.H.C. Watt et al, Ultra-Thin High Quality Oxynitride
Formed by NH3 Nitridation and High Pressure 02 Re-
oxidation, Proceedings of the 30th European Solid-State
Device Research Conference (ESSDERC 2000), Cork,
Ireland, 11. - 13. September 2000

[3] DE 42 12 861 C2

[4] UsS 6,091,076
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100
101
102
103
104
105
106
107
108
109

200
201
202
203
204
205
206
207
208
209
210
211

300
301
302
303
304
305
306
307
308

Isolierende Schicht

Gate-Bereich

Spacer

Substrat

Barriereschicht
Drain-/Source-Bereich

Isolierende Siliziumdioxidschicht
Kontaktlocher flir Leiterbahnen
Kanalbereich

Source-/Drain-Bereich

Isolierende Schicht
Gate-Bereich

Spacer

Kanalbereich

Barriereschicht
Drain-/Source-Bereich
Source-/Drain-Bereich
Isolierende Substratschicht
Leitende Substratschicht
Substrat

Isolierende Siliziumdioxidschicht
Kontaktlécher flir Leiterbahne

Isolierende Schicht
Gate-Bereich

Spacer

Abstand
Barriereschicht
Drain-/Source-Bereich
Source-/Drain-Bereich
Substrat

Kanalbereich
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Patentanspriiche

1. Verfahren zum Herstellen eines planaren Feldeffekt-

transistors,

° bei dem auf einem Substrat eine isolierende Schicht
gebildet wixrd;

® beli dem auf der isolierenden Schicht ein Gate-Bereich
gebildet wird;

© bei dem auf der isolierenden Schicht mindestens ein
Spacer gebildet wird;

® bei dem neben der isolierenden Schicht und/oder unter
einem Teil der isolierenden Schicht eine Barriereschicht
gebildet wird;

® bei dem auf der einen Seite der isolierenden Schicht ein
Source-Bereich abgeschieden wird und auf der anderen
Seite der isolierenden Schicht ein Drain-Bereich
abgeschieden wird und zwischen dem Source-Bereich und
dem Drain-Bereich ein Kanalbereich unterhalb der
isolierenden Schicht gebildet wird; und

® beli dem die Barriereschicht zwischen dem Source-Bereich
und dem Kanalbereich und/oder zwischen dem Drain-Bereich
und dem Kanalbereilich derart gebildet wird, dass im
wesentlichen kein Diffundieren der sich in dem Source-—
Bereich und dem Drain-Bereich befindlichen Dotieratome
in den Kanalbereich erfolgen kann, jedoch ein Tunneln
elektrischer Ladungstriger durch die Barriereschicht in
den Kanalbereich und in das Substrat m&glich ist.

2. Verfahren gemdfs Anspruch 1,

bei dem fiur den Fall, dass die Barriereschicht neben und
unter einem Teil der isolierenden Schicht gebildet werden
soll, das Substrat vor dem Bilden der Barriereschicht neben
und teilweise unter der isolierenden Schicht isotrop

weggedtzt wird.

3. Verfahren gemdf Anspruch 1,
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bei dem die Barriereschicht in einer Dicke von 2 nm oder

weniger gebildet wird.

4. Verfahren gemafs einem der Anspriiche 1 bis 3,

bei dem der Spacer aus Si0g5 gebildet wird, das mittels eines
TEOS-, Silanoxid-, LTO-, SACVD-, HTO-, PECVD- oder Dep./Etch-
Abscheideverfahrens gebildet wird.

5. Verfahren gemild Anspruch 4,
bel dem der Spacer in einer Dicke von héchstens 50 nm
gebildet wird,

6. Verfahren geméfs einem der Anspriiche 1 bis 5,
bei dem die Barriereschicht aus einem dielektrischen Material

gebildet wird.

7. Verfahren gemidls Anspruch 6,
bel dem die Barriereschicht aus einem Oxynitrid gebildet

wird.

8. Verfahren gemdf Anspruch 6,
bei dem die Barriereschicht aus Si09 oder Si3zNg gebildet

wird.

9. Planarer Feldeffekttransistor, mit

® einem elektrisch leitenden Substrat,

© einem abgeschiedenen Drain-Bereich,

® einem abgeschiedenen Source-Bereich,

] einem Kanalbereich zwischen dem Drain-Bereich und dem

Source-Bereich,

® einem Gate-Bereich auf der isolierenden Schicht, wobei
auf dem Gate-Bereich und auf der isolierenden Schicht
mindestens ein Spacer angeordnet ist,

e einer isolierenden Schicht zwischen dem Gate-Bereich und
dem Substrat '

® einer Barriereschicht neben dem Gate-Bereich und/oder

unter einem Teill des Gate-Bereichs,
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wobei die Barriereschicht zwischen dem Source-Bereich
und dem Kanalbereich und/oder zwischen dem Drain-Bereich
und dem Kanalbereilch derart ausgestaltet ist, dass im
wesentliichen kein Diffundieren der sich in dem Source-
Bereich und dem Drain-Bereich befindlichen Dotieratomen
in den Kanalbereich erfolgen kann, jedoch ein Tunneln
elektrischer Ladungstriger durch die Barriereschicht in

den Kanalbereich und in das Substrat mdglich ist.

10. Planarer Feldeffekttransistor gemdfR Anspruch 9,

bel dem die Barriereschicht dielektrisches Material aufweist.
11. Planarer Feldeffekttransigtor geméfs Anspruch 9,

bel dem die Barriereschicht Oxynitrid aufweist.

12. Planarer Feldeffekttransistor gemifd Anspruch 10,

bei dem die Barriereschicht Si05 oder Si3Nyg aufweist.

13. Planarer Feldeffekttransistor gemdfl einem der Anspriiche 9
bis 12,

bei dem die Dicke der Barriereschicht hdéchstens 2 nm betrigt.
14. Planarer Feldeffekttransistor gemi: einem der Anspriiche 9
bis 12,

bei dem die Dicke der Barriereschicht hdchstens 1 nm betrdgt.
15. Planarer Feldeffekttransistor gemdfs einem der Anspriiche 9
big 14,

bei dem der Spacer Si05 aufweist.

l6. Planarer Feldeffekttransistor gemdfl einem der Anspriiche

9 bis 15,

bei dem die Barriereschicht neben dem Gate-Bereich liegt,

wobei die Dicke des Spacers hdéchstens 50 nm betridgt.
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Office Action .S‘ummary Examiner Art Unit AlA Status
MONICA D HARRISON 2896 No

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS 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 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 12/14/18.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)[] This action is FINAL. 2b) v This action is non-final.

3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)(] 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 £x parte Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-20 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) 1-14 is/are allowed.

7) Claim(s) 15-20 is/are rejected.

8) [ Claim(s) ____is/are objected to.

9) [ Claim(s) ____are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(J The specification is objected to by the Examiner.

11)}(J The drawing(s) filed on is/are: a)(J accepted or b)(J 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).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some**  ¢)[J None of the:
1.0 Certified copies of the priority documents have been received.
2.(]J Certified copies of the priority documents have been received in Application No.

3.0 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) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) )
. 4) [ Other:
Paper No(s)/Mail Date 12/14/18.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20181221
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DETATILED ACTION
Notice of Pre-AIA or AITA Status
The present application is being examined under the pre-AIA
first to invent provisions.
1. Applicant’s request for continued examination filed
12/14/18 has been entered and considered.
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs
of pre-AIA 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.

Claim(s) 15-20 is/are rejected under pre-AIA 35 U.S.C.
102 (b) as being anticipated by Tsu (5,216,262).
2. Regarding claim 15, Tsu discloses an electrical junction
(Figure 3) comprising an interface layer (Figure 3, reference a-
Si02) disposed in an electrically conductive path between a
contact metal (Figure 3, above reference a-5Si02) and a
semiconductor (Figure 3, reference Si), the interface layer
comprising a monolayer of semiconductor oxide (Figure 3,

reference a-Si02).
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3. Regarding claim 16, Tsu discloses wherein the monolayer of
semiconductor oxide (Figure 3, reference a-Si02) comprises a
monolayer of an oxide of the semiconductor (column 2, lines 5-
9).
4, Regarding claim 17, Tsu discloses wherein the oxide of the
semiconductor of the interface layer (Figure 3, reference a-
Si02) 1s adjacent the semiconductor (Figure 3, reference Si).
5. Regarding claim 18, Tsu discloses wherein the contact metal
is a metal (Figure 3, above reference a-Si02) or a stack of
metals deposited on the interface layer (Figure 3, reference a-
Sio2) .
6. Regarding claim 19, Tsu discloses wherein the semiconductor
comprises silicon (Figure 3, reference Si), and the monolayer of
semiconductor oxide comprises a monolayer of an oxide of silicon
(Figure 3, reference a-S102).
7. Regarding claim 20, Tsu discloses wherein the interface
layer further comprises a metal oxide (Figure 3).

Allowable Subject Matter
8. Claims 1-14 are allowed over the prior art of record.

Reasons for Allowance

9. The following is an examiner’s statement of reasons for
allowance: The prior art does not disclose nor fairly suggest
an electrical junction comprising: wherein said passivating

dielectric tunnel barrier layer is configured to increase a
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height of a Schottky barrier between the metal electrical
contact and the semiconductor region from that which would exist
at a contact junction between the metal electrical contact and
the semiconductor region without the dielectric tunnel barrier
layer disposed therebetween (claim 1) and wherein said
semiconductor region and said metal electrical contact have
asymmetric electrical potentials that are further apart from one
another than would exist at a contact junction between the metal
electrical contact and the semiconductor region without the
passivating dielectric tunnel barrier layer disposed
therebetween (claim 8) as described in the independent claims
and the context of their recited apparatus’ along with their
depending claims.

Any comments considered necessary by applicant must be
submitted no later than the payment of the issue fee and, to
avold processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Response to Arguments
10. Applicant's arguments filed 12/14/18 have been fully
considered but they are not persuasive. Applicant is arguing the
functionality of the interface layer of Tsu and states the
interface layer is not disposed in an electrically conductive

path between a contact metal and semiconductor. Examiner
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disagrees. Regarding claim 15, Tsu discloses an interface layer
(Figure 3, reference a-35i02) disposed in an electrically
conductive path between a contact metal (Figure 3, above
reference a-35i02) and a semiconductor (Figure 3, reference Si).
In the prior art, the interface layer lies between the metal and
semiconductor layer similar to that of the instant application’s
Figure 6 so, the interface layer is in an electrically
conductive path. Thus, claimed limitations have been met.
Conclusion

Any inguiry concerning this communication or earlier
communications from the examiner should be directed to MONICA D
HARRISON whose telephone number is (571)272-1959. The examiner
can normally be reached on M-F 7-4:30pm.

Examiner interviews are available via telephone, in-person,
and video conferencing using a USPTO supplied web-based
collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are
unsuccessful, the examiner’s supervisor, Sue A Purvis can be
reached on 571-272-1236. The fax phone number for the
organization where this application or proceeding is assigned is

571-273-8300.
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Information regarding the status of an application may be
obtained from the Patent Application Information Retrieval
(PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system,
see http://pair-direct.uspto.gov. Should you have guestions on
access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or
access to the automated information system, call 800-786-9199

(IN USA OR CANADA) or 571-272-1000.

/MONICA D HARRISON/
Primary Examiner, Art Unit 2896

mdh
December 21, 2018
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A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

ALL REFPERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /M.U.H/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No.: 15/728,002

First Named Inventor: Daniel E. Grupp
Filed: 10/09/2017

Artunit: 2896

Examiner: Harrison, Monica D.

Docket No.: 3771-0003-D(C9

Confirmation No.: 3176

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

AMENDMENT

Dear Commissioner:

Responsive to the office action dated December 31, 2018, reconsideration of this
application in view of the following remarks is respectfully requested.

Amendments to the claims are set forth in the listing of the claims beginning on
page 2.

Remarks begin on page 5.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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REMARKS

Reconsideration of this application is respectfully requested. The claims have
been amended to recite the subject matter indicated as being allowable through the

cancellation of claims 15-20.

If there are any additional fees due in connection with this communication, please
charge Deposit Account No. 50-5798.

Respectfully submitted,
Ascenda Law Group, PC

Dated: March 12. 2019 /larek N. FFahmi/

Tarek N. Fahmi
Reg. No. 41,402

333 W San Carlos, St., Ste. 200
San Jose, CA 95110
(866) 877-4883
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AMENDMENTS TO THE CLAIMS
The following listing of the claims shall replace all previous versions thereof in this

application.

1. (Original) An electrical junction, comprising:

a semiconductor region in a substrate;

a metal electrical contact to said semiconductor region; and

a passivating dielectric tunnel barrier layer between said semiconductor region
and said metal electrical contact, said semiconductor region being electrically connected
to said metal electrical contact through said passivating dielectric tunnel barrier layer,
wherein said passivating dielectric tunnel barrier layer is configured to increase a height
of a Schottky barrier between the metal electrical contact and the semiconductor region
from that which would exist at a contact junction between the metal electrical contact and
the semiconductor region without the dielectric tunnel barrier layer disposed

therebetween.

2. (Original) The electrical junction of claim 1, wherein the metal electrical contact
comprises one of: platinum (Pt), iridium (Ir), gold (Au), tungsten (W), nickel (Ni),
molybdenum (Mo), copper (Cu), cobalt (Go), or palladium (Pd).

3. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises one of: Si, Ge, C, an alloy of Ge and Si, an alloy of Ge and C, an alloy of Si
and C, and an alloy of Si, Ge, and C.

4. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises C, a crystal structure of which is one of: a diamond lattice, a fulleride or a

polymer.

5. (Original) The electrical junction of claim 1, wherein the semiconductor region
comprises an n-type semiconductor and the conductor comprises one of: platinum (Pt),
iridium (Ir), gold (Au), tungsten (W), nickel (Ni), molybdenum (Mo), copper (Cu), cobalt
(Go), or palladium (Pd).

2
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6. (Original) The electrical junction of claim 1, wherein the semiconductor region

comprises a p-type semiconductor.

7. (Original) The electrical junction of claim 6, wherein the metal electrical contact
comprises one of: aluminum (Al), rubidium (Rb), barium (Ba), indium (In), titanium (T1),
chromium (Cr), tantalum (Ta), cesium (Cs), magnesium (Mg), erbium (Er), ytterbium

(Yb), manganese (Mn), lead (Pb), silver (Ag), yttrium (Y), and zinc (Zn).

8. (Original) An electrical junction, comprising:

a semiconductor region in a substrate;

a metal electrical contact to said semiconductor region; and

a passivating dielectric tunnel barrier layer between said semiconductor region
and said metal electrical contact, said semiconductor region being electrically connected
to said metal electrical contact through said passivating dielectric tunnel barrier layer,

wherein said semiconductor region and said metal electrical contact have
asymmetric electrical potentials that are further apart from one another than would exist
at a contact junction between the metal electrical contact and the semiconductor region

without the passivating dielectric tunnel barrier layer disposed therebetween.

9. (Original) The electrical junction of claim 8, wherein the metal electrical contact
comprises one of: platinum (Pt), iridium (Ir), gold (Au), tungsten (W), nickel (Ni),
molybdenum (Mo), copper (Cu), cobalt (Go), or palladium (Pd).

10. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises one of: Si, Ge, C, an alloy of Ge and Si, an alloy of Ge and C, an alloy of Si
and C, and an alloy of Si, Ge, and C.

11. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises C, a crystal structure of which is one of: a diamond lattice, a fulleride or a

polymer.

3
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12. (Original) The electrical junction of claim 8, wherein the semiconductor region
comprises an n-type semiconductor and the conductor comprises one of: platinum (Pt),
iridium (Ir), gold (Au), tungsten (W), nickel (Ni), molybdenum (Mo), copper (Cu), cobalt
(Go), or palladium (Pd).

13. (Original) The electrical junction of claim 8, wherein the semiconductor region

comprises a p-type semiconductor.

14. (Original) The electrical junction of claim 13, wherein the metal electrical contact
comprises one of: aluminum (Al), rubidium (Rb), barium (Ba), indium (In), titanium (T1),
chromium (Cr), tantalum (Ta), cesium (Cs), magnesium (Mg), erbium (Er), ytterbium

(Yb), manganese (Mn), lead (Pb), silver (Ag), yttrium (Y), and zinc (Zn).

15-20. (Cancelled)

4
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Under the Paperwork Reduction Act of 1995, no persons are req

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

ired to respond to a collection of information unless it displays a valid OMB control number.

APPLICATION AS FILED - PARTI

Application or Docket Number Filing Date
PATENT APPLICgIggmtEfEFFCEEEEg_IE\gIglATION RECORD 15728005 1010972017 3o be Maed
ENTITY: [ LARGE smMALL  (J Micro

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BasIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(] sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
() ExAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS ) .
(37 CFR 1.16(1)) minus 20 = x 340 -
INDEPENDENT CLAIMS . R
(37 CFR 1.16(h)) minus 3 = x $210 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DST:;LIE?QON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1} (Column 2} (Column 3}
CLAIMS HIGHEST
- 03/12/2019 IZ{E?AEAFLMNG Eg'g&gﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * . *x _ _
E (39(?FR1.16(i)) 14 Minus 20 =0 x $50 = 0
4 * ) .
"'EJ !gdg&ergmt 2 Minus 3 =0 x $230 - 0
< [ Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L [ Total . ; x - -
> (sganR 1.16(i)) Minus ~ X $ 0 -
2 [ Independent . - - -
E ('?7 CeFFI):%e1r.116ﬁ1?) Minus = x $0 =
E () Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))

TOTAL ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/LAN M DONG/

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent} is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 depending 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

/f you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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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

WWW.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
27571 7590 04/08/2019
Ascenda Law Group, PC HARRISON, MONICA D
333 W San Carlos St.
Suite 200 | ART UNIT PAPER NUMBER |
San Jose, CA 95110 2815
DATE MAILED: 04/08/2019
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
15/728,002 10/09/2017 Daniel E. Grupp 3771-0003-DCY 3176

TITLE OF INVENTION: METHOD FOR DEPINNING THE FERMI LEVEL OF A SEMICONDUCTOR AT AN ELECTRICAL JUNCTION AND DEVICES
INCORPORATING SUCH JUNCTIONS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $500 $0.00 $0.00 $500 07/08/2019

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 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). 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. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. 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: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 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 indicated 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.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

27571 7590 04/08/2019 Certificate of Mailing or Transmission

Ascenda Law GI'Ollp PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
’ States Postal Service with sufficient postage for first class mail in an envelope
333 W San Carlos St. addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 200 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
San Jose, CA 95110 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

15/728,002 10/09/2017 Daniel E. Grupp 3771-0003-DC9 3176

TITLE OF INVENTION: METHOD FOR DEPINNING THE FERMI LEVEL OF A SEMICONDUCTOR AT AN ELECTRICAL JUNCTION AND DEVICES
INCORPORATING SUCH JUNCTIONS

APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 07/08/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HARRISON, MONICA D 2815 257-763000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). 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) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.
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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.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/728,002 10/09/2017 Daniel E. Grupp 3771-0003-DCY 3176
| EXAMINER |
27571 7590 04/08/2019
Ascenda Law Group, PC HARRISON, MONICA D
333 W San Carlos St.
Suite 200 | ART UNIT PAPER NUMBER |
San Jose, CA 95110 2815

DATE MAILED: 04/08/2019

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B 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 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending 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, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records maézx be disclosed, as a routine use, to a Federal, State, or local law
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Application No. Applicant(s)
; . 15/728,002 Grupp et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
MONICA D HARRISON 2815 No

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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.

1.4} This communication is responsive to 3/12/18.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1-14 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
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)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply 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. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 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).

6..J 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.

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[J Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.{] Interview Summary (PTO-413),
Paper No./Mail Date.
/MONICA D HARRISON/
Primary Examiner, Art Unit 2815

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190329
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Application/Control Number: 15/728,002 Page 2
Art Unit: 2815

DETATILED ACTION
Notice of Pre-AIA or AITA Status

The present application is being examined under the pre-AIA
first to invent provisions.
1. Applicant’s amendment filed 3/12/18 have been entered and
considered. Claims 15-20 are cancelled.

Allowable Subject Matter
2. Claims 1-14 are allowed over the prior art of record.
Reasons for Allowance

3. The following is an examiner’s statement of reasons for
allowance: After consideration of applicant’s arguments,
amendments and a further search of the prior art of record,
examiner has concluded that the prior art does not disclose nor
fairly suggest an electrical junction, comprising: wherein said
passivating dielectric tunnel barrier layer is configured to
increase a height of a Schottky barrier between the metal
electrical contact and the semiconductor region from that which
would exist at a contact junction between the metal electrical
contact and the semiconductor region without the dielectric
tunnel barrier layer disposed therebetween (claim 1) and wherein
said semiconductor region and said metal electrical contact have
asymmetric electrical potentials that are further apart from one
another than would exist at a contact junction between the metal

electrical contact and the semiconductor region without the
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Application/Control Number: 15/728,002 Page
Art Unit: 2815

passivating dielectric tunnel barrier layer disposed
therebetween (claim 8) as described in the independent claims
and in the context of their recited apparatus’ along with their
depending claims.

Any comments considered necessary by applicant must be
submitted no later than the payment of the issue fee and, to
avold processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Conclusion
Any inguiry concerning this communication or earlier
communications from the examiner should be directed to MONICA D
HARRISON whose telephone number is (571)272-1959. The examiner
can normally be reached on M-F 7-4:30pm.

Examiner interviews are available via telephone, in-person,
and video conferencing using a USPTO supplied web-based
collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are
unsuccessful, the examiner’s supervisor, Ken Parker can be
reached on 571-272-2298. The fax phone number for the
organization where this application or proceeding is assigned is

571-273-8300.
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Application/Control Number: 15/728,002 Page 4
Art Unit: 2815

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 guestions on
access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or
access to the automated information system, call 800-786-9199

(IN USA OR CANADA) or 571-272-1000.

/MONICA D HARRISON/
Primary Examiner, Art Unit 2815

mdh
March 29, 2019
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Application/Control No. Applicant(s)/Patent Under Reexamination
Search Noles 15/728,002 Grupp et al.
H““H““ “H“H H “H“‘ - e
MONICA D HARRISON 2815
CPC - Searched*
Symbol Date Examiner
HO1L29/ MDH

08,089,0895,16,160,161,1608,45,456,47,66,661,6614,66143,666,6664, | 2/20/18
66643,80,81,806,812,87,872

HO1L21/28,285,2853,28537 2/20/18 MDH

CPC Combination Sets - Searched*

Symbol Date Examiner

US Classification - Searched*

Class Subclass Date Examiner
257 763 2/20/18 MDH

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the
search.

Search Notes

Search Notes Date Examiner
Eg?_\:cs(;JSPAT, US-PGPUB, USOCR, EPO, JPO, DERWENT, IBM_TDB, 2/20/18 MDH
East updated 9/13/18 MDH

East updated 12/21/2018 MDH

East updated 03/29/2019 MDH
GRUPP ET AL .inv. 03/29/2019 MDH
ACORN TECHNOLOGIES .asn. 03/29/2019 MDH
USPAT, US-PGPUB txt .clm. 03/29/2019 MDH

/MONICA D HARRISON/
Primary Examiner.Art Unit 2896

U.S. Patent and Trademark Office Part of Paper No.: 20190329
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Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
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USPAT, US-PGPUB txt .clm. 03/29/2019 MDH

/MONICA D HARRISON/
Primary Examiner.Art Unit 2896

U.S. Patent and Trademark Office
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification |52 002 Grupp et al.
H “ “““ Examiner Art Unit
MONICA D HARRISON 2815
CPC
Symbol Type Version
HO1L 456 F 2013-01=01
HO1L 28537 | 2013-01:01
HO1L 0895 | 2013-01-01
HO1L 47 | 2013-01=01
HO1L 66143 | 2013-01-01
HO1L 78 | 2013-01-01
HO1L 7839 | 2013-01-01
HO1L 812 | 2013-01-01
HO1L 16 | 2013-01:01
HO1L 161 | 2013-01-01
HO1L 45 | 2013-01=01
HO1L 66643 | 2013-01-01
HO1L 1608 | 2013-01-01
HO1L 872 | 2013-01-01
HO1L 806 | 2013-01-01
HO1L 785 A 2013-01:01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 14
/MONICA D HARRISON/ 29 March 2019 . . A
Primary Examiner, Art Unit 2815 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 6 and 7A-7D
U.S. Patent and Trademark Office Part of Paper No.: 20190329
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |52 002 Grupp et al.

MONICA D HARRISON 2815

INTERNATIONAL CLASSIFICATION
CLAIMED

HO1L
HO1L

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS
257 763

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 14
/MONICA D HARRISON/ 29 March 2019 . . A
Primary Examiner, Art Unit 2815 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 6 and 7A-7D
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Grupp et al.

H “ “ ““ -

MONICA D HARRISON

Art Unit

2815

Claims renumbered in the same order as presented by applicant

JCPA [O TD. 0O R147

CLAIMS

Final |Original]Final |Original|Final

Original

Final

Original|Final |Original|Final |Original]Final |Original|Final |Original

NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 14

/MONICA D HARRISON/
Primary Examiner, Art Unit 2815

(Primary Examiner)

29 March 2019

O.G. Print Claim(s) | O.G. Print Figure

(Date) 1 6 and 7A-7D
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

DBs iDefault {Plurals {{Time

Ref |Hits {{Search Query .
# iiOperator Stamp

S-PGPUB; {jOR ON 2019/03/29

L1 {129 i257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with U
USPAT; 15:04
U

region

S-PGPUB; {OR ON 2019/03/29

L2 {4112 #257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with {U
USPAT; 15:04
U

region and (dielectric oxide insulat$4 passivat$4 interlayer) with region

HL3 6 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with
region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region)

US-PGPUB;{IOR ON 2019/03/29
USPAT; 15:05
u

S-PGPUB; {{OR ON 2019/03/29

N 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with iU
USPAT; 15:06
u

region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky
with height)

S-PGPUB; {OR ON 2019/03/29

HL5 {|342 i257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with U
USPAT; 15:10
U

region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky
with height)

S-PGPUB; {OR ON 2019/03/29

L6 479 257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with U
USPAT; 15:11
U

region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky
with height) and (electrical near contact)

L7 4 257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with
region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky
with height) and (electrical near contact) and (tunnel near barrier)

US-PGPUB; {{OR ON 2019/03/29
USPAT; 15:11
u

S-PGPUB; {{OR ON 2019/03/29

HL8 {0 257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with U
USPAT; 15:15
u

region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky
with height) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4)

S-PGPUB; {{OR ON 2019/03/29

L9 i iH01L29/08,089,0895,16,160,161,1608,45,456,47,66,661,6614,66143,666,6664,66643,80,81,806,812,87,872.cpc. jU
USPAT; 15:16
u

and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with region and
(dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky with
itheight) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4)

S-PGPUB; {{OR ON 2019/03/29

HL10 31 itHO1L29/'$".cpc. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) U
USPAT; 15:17
u

with region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and
(schottky with height) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4)

S-PGPUB; {{OR ON 2019/03/29

HL11 31 iIHO1L21/28,285,2853,28537.cpc. and (substrate wafer carrier base plate) with (semiconductor near region) and §U
USPAT; 15:18
u

(netal contact) with region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with
region) and (schottky with height) and (electrical near contact) and (tunnel near barrier) and (schottky with
ilincreas$4)
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EAST Search History

]
I§
4
g
]

S-PGPUB; {{OR ON 2019/03/29

L12 {1 itHO1L21/'$".cpc. and (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) U
USPAT; 15:19
U

with region and (dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and
(schottky with height) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4)

US-PGPUB; {{OR ON 2019/03/29
USPAT; 15:19
U

HL13 1 (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with region and
(dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky with
itheight) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4)

HL14 11 (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with region and
(dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky with
itheight) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4) and (grupp
connelly).inv.

US-PGPUB; {OR ON 2019/03/29
USPAT; 15:20
U

S-PGPUB; {jlOR ON 2019/03/29

HL15 {0 (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with region and U
USPAT; 15:20
U

(dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky with
itheight) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4) and acorn.asn.

S-PGPUB; {OR ON 2019/03/29

HL16 31 (substrate wafer carrier base plate) with (semiconductor near region) and (netal contact) with region and U
USPAT; 15:21
U

(dielectric oxide insulat$4 passivat$4 interlayer) with region and (schottky with region) and (schottky with
itheight) and (electrical near contact) and (tunnel near barrier) and (schottky with increas$4).clm.

S1oi2 "15728002" S-PGPUB; {OR ON 2018/02/20

u
USPAT; 09:45
u

S2 47 "9812542".pn. S-PGPUB; {OR ON 2018/02/20

u
USPAT; 09:46
u

S3 {5 "9425277".pn.

US-PGPUB;OR ON 2018/02/20
USPAT; 09:53
u

S4 45 "8431469".pn. S-PGPUB; {{OR ON 2018/02/20

u
USPAT; 09:56
u

S-PGPUB; HOR ON 2018/02/20

S5 |2 "7884003".pn. u
USPAT; 09:58
u

S6 112 "7462860".pn. S-PGPUB; {{OR ON 2018/02/20

u
USPAT; 09:58
u

S7 i3 "7084423".pn. S-PGPUB;OR ON 2018/02/20

u
USPAT; 10:00
u

“

S-PGPUB; {{OR ON 2018/02/20
SPAT; 10:37

161 1257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region)
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S9 1182 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4)
with (semiconductor near region)

US-PGPUB; H{OR ON 2018/02/20
USPAT; 10:48
u

S10 {32 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4)
with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region)

US-PGPUB: OR ON 2018/02/20
USPAT; 11:03
U

S-PGPUB; {OR ON 2018/02/20

S11 3132 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) U
USPAT; 11:04
U

with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4)

S-PGPUB; ilOR ON 2018/02/20

S12 30 257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) U
USPAT; 11:08
U

with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (semiconductor near region))

S13 §

[3)]

S-PGPUB; {OR ON 2018/02/20

257/763.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) U
USPAT; 11:09
U

with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal conduct$4))

S14 11332 1257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4)
with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal conduct$4))

US-PGPUB; {OR ON 2018/02/20
USPAT; 11:10
U

S-PGPUB; {OR ON 2018/02/20

S15 4|135 1§257/'$'.ccls. and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) U
USPAT; 11:12
U

with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal conduct$4)) and (schottky
with (semiconductor near region))

S16 {112 i[H01L29/08,089,0895,16,160,161,1608,45,456,47,66,661,6614,66143,666,6664,66643,80,81,806,812,87,872.cpC.
and (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) with
(semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal conduct$4)) and (schottky
with (semiconductor near region))

US-PGPUB;OR ON 2018/02/20
USPAT; 11:28
u

S17 14 itHO1L21/28,285,2853,28537.cpc. and (substrate wafer carrier base plate) with (semiconductor near region) and
(metal conduct$4) with (semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor
near region) and (tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal
conduct$4)) and (schottky with (semiconductor near region))

US-PGPUB;OR ON 2018/02/20
USPAT; 11:32
u

518 112 "6492735".pn. S-PGPUB; {{OR ON 2018/02/20

u
USPAT; 11:39
u

]
m
T
=
m
z
by

S19 10 (substrate wafer carrier base plate) with (semiconductor near region) and (metal conduct$4) with
(semiconductor near region) and (tunnel oxide dielectric passivat$4) with (semiconductor near region) and
(tunnel oxide dielectric passivat$4) with (metal conduct$4) and (schottky with (metal conduct$4)) and (schottky
with (semiconductor near region)) and ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" |
"7057333" | "20030022474" | "6492735" | "4999685" | "20020158250" | "5243213").PN.

US-PGPUB;OR ON 2018/02/20
USPAT; 12:25
u

S-PGPUB; {jOR ON 2018/02/20

S20 1136 ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" | "7057333" | "20030022474" | "6492735" | U
USPAT; 12:26
u

"4999685" | "20020158250" | "5243213").PN.

[w)

ERWENT;
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]
I§
4
g
]

S21 {124 4257/763.ccls. and (semiconductor near9 interface) S-PGPUB; {OR ON 2018/08/02

U
USPAT; 11:56
U

]
3
=
m
z
bl

US-PGPUB; {{OR ON 2018/08/02
USPAT; 11:57
U

S22 1162 257/763.ccls. and (semiconductor near9 interface) and (interface near9 metal)

S23 i3 257/763.ccls. and (semiconductor near9 interface) and (interface near9 metal) and ((semiconductor near oxide)
with interface)

US-PGPUB; {OR ON 2018/08/02
USPAT; 11:59
U

S-PGPUB; {jlOR ON 2018/08/02

S24 111227 1§257/'$".ccls. and (semiconductor near9 interface) and (interface near9 metal) and ((semiconductor near oxide) U
USPAT; 12:47
U

with interface)

S-PGPUB; {OR ON 2018/08/02

S25 {|1190 §257/'%".ccls. and (semiconductor near9 interface) and (interface near9 metal) and ((semiconductor near oxide) U
USPAT; 12:48
U

near9 interface)

526 {14 "6492735" S-PGPUB; {OR ON 2018/09/13

u
USPAT; 09:35
u

527 112 "6492735".pn. S-PGPUB; {OR ON 2018/09/13

u
USPAT; 09:36
u

S28 10 257/763.ccls. and monolayer with (semiconductor near oxide)

US-PGPUB;OR ON 2018/09/13}
USPAT; 10:21
u

S-PGPUB; {{OR ON 2018/09/13;

S29 1187 257/'$'.ccls. and monolayer with (semiconductor near oxide) U
USPAT; 10:22
u

S-PGPUB; HOR ON 2018/09/13

S30 166 257/'$'.ccls. and monolayer with (semiconductor near oxide) and (semiconductor near oxide) with metal U
USPAT; 10:23
u

S-PGPUB; {{OR ON 2018/09/13}

S31 166 257/'$'.ccls. and monolayer with (semiconductor near oxide) and (semiconductor near oxide) with metal U
USPAT; 10:24
u

532 {18 "15728002" S-PGPUB;OR ON 2018/12/21

u
USPAT; 14:25
u

S-PGPUB; {{OR ON 2018/12/21
SPAT; 14:49

S33 {10 (semiconductor near9 interface) and (interface near9 metal) and ((semiconductor near oxide) near9 interface)
and ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" | "7057333" | "5216262" |
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EAST Search History

"20030022474" | "5191322" | "6228732" | "20040159865" | "6492735" | "4999685" | "4689869" | "9425277" | ;iUSOCR;
"20020158250" | "5243213" | "5689130").PN. §§FPRS;
{EPO; JPO;
IDERWENT;
- {IBM_TDB
S34 119 ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" | "7057333" | "5216262" | "20030022474" | §§USPGPUB;EOR ON 2018/12/21
"5191322" | "6228732" | "20040159865" | "6492735" | "4999685" | "4689869" | "9425277" | "20020158250" | §§USPAT; 14:50
"5243213" | "5689130").PN. and interface {#USOCR;
UFPRS;
YEPO; JPO;
{DERWENT;
{lBM_TDB
S35 10 ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" | "7057333" | "5216262" | "20030022474" | §§USPGPUB;-OR ON 2018/12/21
"5191322" | "6228732" | "20040159865" | "6492735" | "4999685" | "4689869" | "9425277" | "20020158250" | §§USPAT; 14:50
"5243213" | "5689130").PN. and interface near9 (conduct$4 metal) #USOCR;
HFPRS;
{EPO; JPO;
HDERWENT;
{iBv_TDB
S36 12 ("20030219965" | "4338616" | "4566021" | "6492735" | "3983574" | "7057333" | "5216262" | "20030022474" | §§USPGPUB;'OR ON 2018/12/21
"5191322" | "6228732" | "20040159865" | "6492735" | "4999685" | "4689869" | "9425277" | "20020158250" | §§USPAT; 14:51
"5243213" | "5689130").PN. and interface near9 (conduct$4 metal) and (interface near9 (substrate wafer carrier USOCR
ibase plate)) {IFPRS;
{EPO; JPO;
{DERWENT;
§IBM_TDB
S37 14 "5216262".pn. §5US-PGPUB;=OR ON 2018/12/21
{USPAT; 14:52
{#USOCR;
{iFPRS;
HEPO; JPO;
§§DERWENT,
{IBM_TDB
EAST Search History (I nterference)
N et 11 ¥ T i
{Ref iiHits {iSearch Query iDBs  {iDefault Plurals {Time
o i Operator Stamp
L1731 (substrate wafer carrier base plate) with (semiconductor near region) and (netal HUS- OR ON 2019/03/29
contact) with region and (dielectric oxide insulat$4 passivat$4 interlayer) with region HPGPUB; 15:21
and (schottky with region) and (schottky with height) and (electrical near contact) and {{USPAT
L “““ (tunnel near barrier) and (schottky with increas$4).cim.

3/29/2019 3:47:20 PM
C:\ Users\ mharrison1\ Documents\ EAST\ Workspaces\ 15728002.wsp
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Doc Code: IFEE

Document Description: Issue Fee Payment (PTO-85B)

PTOL/85B-EFS

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.

15728002 09-Oct-2017 Daniel Grupp

3771-0003-DC9 3176

TITLE OF INVENTION :

METHOD FOR DEPINNING THE FERMI LEVEL OF A SEMICONDUCTOR AT AN ELECTRICAL JUNCTION AND DEVICES INCORPORATING SUCH

JUNCTIONS
Entity Status Application Type Art Unit [Class - Subclass EXAMINER
Small Utility under 35 USC 111(a) (2815 763000 MONICA HARRISON
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$500 $0 $500 08-Jul-2019 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address:

27571
Ascenda Law Group, PC

333 W San Carlos St.
Suite 200

San Jose CA 95110
UNITED STATES
408-799-0612

Current Indicated Fee Address:

pnfnnfc@ncrnnr‘lnlmm com

[ Change of correspondence address requested, system
generated AIA/122-EFS form attached

[

Fee Address indication requested, system generated SB/47-EFS
form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.
Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR1.29(d)), and make the applicable certification online.

® Applicant asserting small entity status. See 37 CFR 1.27.

Note: If the application was previously under micro entity status, checking this box will be taken to be a notification of loss of entitlement to micro entity status.

O Applicant changing to regular undiscounted fee status.
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

WEB IFEE 1.0
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
IZ current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any def%eglfg or credit any
overpayment, to Deposit Account Number

X The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[ ] Advance Order - # of copies

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. Ascenda Law Group, PC

5.Assignee Name(s) and Residence Data To Be Printed

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

Name City State Country Category

Acorn Technologies, Inc. La Jolla CALIFORNIA  united states corporation

6.Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Tarek N. Fahmi/ Date 07-08-2019

Name Tarek N. Fahmi Registration Number | 41402
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Electronic Patent Application Fee Transmittal

Application Number:

15728002

Filing Date:

09-Oct-2017

Title of Invention:

METHOD FOR DEPINNING THE FERMI LEVEL OF A SEMICONDUCTOR AT AN
ELECTRICAL JUNCTION AND DEVICES INCORPORATING SUCH JUNCTIONS

First Named Inventor/Applicant Name:

Daniel E. Grupp

Filer:

Tarek N. Fahmi/Sarah Zizzo

Attorney Docket Number:

3771-0003-DC9

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPL ISSUE FEE 2501 1 500 500
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 500
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Electronic Acknowledgement Receipt

EFS ID: 36513371
Application Number: 15728002
International Application Number:
Confirmation Number: 3176

Title of Invention:

METHOD FOR DEPINNING THE FERMI LEVEL OF A SEMICONDUCTOR AT AN
ELECTRICAL JUNCTION AND DEVICES INCORPORATING SUCH JUNCTIONS

First Named Inventor/Applicant Name:

Daniel E. Grupp

Customer Number:

27571

Filer:

Tarek N. Fahmi/Sarah Zizzo

Filer Authorized By:

Tarek N. Fahmi

Attorney Docket Number:

3771-0003-DC9

Receipt Date: 08-JUL-2019
Filing Date: 09-0CT-2017
Time Stamp: 12:25:15

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $500

RAM confirmation Number

070819INTEFSW12251300

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
46041
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
e8bf2cfb37432c02130c5da78e622bfff9db
dsef
Warnings:
Information:
32094
2 Fee Worksheet (SB06) fee-info.pdf no 2
76fff9567d0cSe74ce82c95c61a9d96aedcd
Warnings:
Information:
Total Files Size (in bytes): 78135

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Receipt date:

106/09/2017

15/728,002 -~ GAU: 2896

PTQ/SB/08a (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

{Use as many sheets as necessary}

Complete if Known

Application Number

Filing Date

First Named Inventor

Daniel E. Grupp

Art Unit

Examiner Name

Sheet | 3 [ of | 12 Attorney Docket No: 3771-0003-DC9

6452244 09/17/2002 MIURA; et al.
6462931 10/08/2002 TANG; et al.
6548875 04/15/2003 NISHIYAMA
6608352 08/19/2003 LONG; et al.
6680224 01/20/2004 SHIN; et al.
6724068 04/20/2004 MATSUYAMA
6724088 04/20/2004 JAMMY; et al.

Change(s) pplied | 6943575 09/200  -P8IA1G9T EHUNGTETAT. Mo

t?fj“mm“h 7084423 08/01/2006 GRUPP; et al.

o rsr2010 7176483 02/13/2007 | GRUPP; et al.
8110877 02/07/2012 MUKHERIEE; et al.
8952541 02/10/2015 MUKHERIEE; et al.
20010028067 10/11/2001 AWANO
20020061646 05/22/2002 KAN; et al.
20020175386 11/28/2002 KIM; et al.
20030009463 01/09/2003 GALLANT
20030012146 01/16/2003 NOVAES
20030121468 07/03/2003 BOONE; et al.
20030127700 07/10/2003 MODDEL; et al.
20030132466 07/17/2003 SHIN; et al.
20030235936 12/25/2003 SNYDER; et al.
20040026687 02/12/2004 GRUPP; et al.
20040142524 07/22/2004 GRUPP; et al.
20050009302 01/13/2005 WAKUI; et al.
20050037557 02/17/2005 DOCZY; et al.
20050093027 05/05/2005 GRUPP; et al.
20110092047 04/21/2011 GAINES; et al.

EXAMINER SIGNATURE /MONICA D HARRISON/ DATE CONSIDERED 02/20/2018

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2
See Kinds Codes ofUSPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the docurment, by the two-letter code (WIPQ Standard ST.3). 4
For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. sKind of document by
the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language
Translation is attached.This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file
{and by theUSPTO to process) an application. Confidentiality is governed by 35 U_S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form andfor suggestions for reducing this burden, should be sent fo the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.
Ifyou need assistance in completing the form, call 1-800-PT0-9199 (1-800-786-9199) and select option 2.

ALL REFERENCES CONSIDEREFRHCEBT g% E LINED THROUGH. /M.D.H/



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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/728,002 08/20/2019 10388748 3771-0003-DC9 3176
27571 7590 07/31/2019
Ascenda Law Group, PC
333 W San Carlos St.
Suite 200

San Jose, CA 95110

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

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) WEB site (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 (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Daniel E. Grupp, Palo Alto, CA;
Acorn Technologies, Inc., La Jolla, CA;
Daniel J. Connelly, Redwood City, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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