UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY. DOCKET NO/TITLE |
10/873,969 06/21/2004 Sang-Yun Lee BESA.13399
CONFIRMATION NO. 7408
102591 POA ACCEPTANCE LETTER
GREG L. MARTINEZ
3116 SOUTH MILL AVENUE #408 IR AV R
00000005371112

TEMPE, AZ 85282
Date Mailed: 04/16/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 04/07/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/hgray/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/873,969 06/21/2004 Sang-Yun Lee BESA.13399
CONFIRMATION NO. 7408
23123 POWER OF ATTORNEY NOTICE
SCHMEISER OLSEN & WATTS

76 £ UNIVERSITY DAIVE A
SUITE # 101

MESA, AZ 85201

Date Mailed: 04/16/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 04/07/2012.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/hgray/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Electronic Acknowledgement Receipt

EFSID: 12492448
Application Number: 10873969
International Application Number:
Confirmation Number: 7408

Title of Invention:

METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT

STRUCTURE

First Named Inventor/Applicant Name:

Sang-Yun Lee

Customer Number:

23123

Filer:

Greg L. Martinez

Filer Authorized By:

Attorney Docket Number: BESA.13399
Receipt Date: 07-APR-2012
Filing Date: 21-JUN-2004
Time Stamp: 02:07:24

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
225483
sb0081_fill_BESA_13399_Signe|
1 Power of Attorney no 1
da.pdf
d076b4ee798305589%ef32730edadf940f3]
%13
Warnings:

Information:
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208948
2 Power of Attorney sb0096_13399_Signeda.pdf no 1
724be774f19d00e3ffe2320af60ee5fed6ab 3]
51b
Warnings:
Information:
Total Files Size (in bytes); 434431

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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PTO/SB/66 (03-08)

Approved for use through 03/31/2612. OMB 0651-06156

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to 2 collection of information uniess it displays valid OMB control number.

PETITION TO ACCEPT UNINTENTIONALLY DELAYED PAYMENT OF MAINTENANCE FEE IN AN
EXPIRED PATENT (37 CFR 1.378(c})

lssue Date Application Filing Date . .
Patent Number (YYYY-MM-DD) Number (YYYY-MM-DD) Docket Number (if applicable}
7052041 2006-05-30 10873969 2004-06-21 BESA.13399

CAUTION: Maintenance fee {and surcharge, if any) payment must correctly identify: {1) the patent number and (2) the application number
of the actual U.S. application leading to issuance of that patent {o ensure the fee(s) isfare associated with the correct patent. 37 CFR
1.366(c) and (d).
SMALL ENTITY

Patentee claims, or has previously claimed, small entity status. See 37 CFR 1.27.

1088 OF ENTITLEMENT TO SMALL ENTITY STATUS
D Patentee is no longer entitled to small entity status. See 37 CFR 1.27{g)}

NOT Smali Entity Smail Entity
Fee Code Fee Code
() 3%year (1551) (&) 3% year (2551)
(O 7vayear {1552) 3 7 Veyear (2552)
() 11 Yyear {1553) O 11 Yeyear (2553)
SURCHARGE

The surcharge required by 37 CFR 1.20(i}{2) (Fee Code 1558) must be paid as a condition of accepling unintentionally delayed payment
of the maintenance fee.

MAINTENANCE FEE (37 CFR 1.20(e}-(g)}
The appropriate maintenance fee must be submitied with this petition.

STATEMENT
THE UNDERSIGNED CERTIFIES THAT THE DELAY IN PAYMENT OF THE MAINTENANCE FEE TC THIS PATENT WAS
UNINTENTIONAL

PETITIONER(S) REQUEST THAT THE DELAYED PAYMENT OF THE MAINTENANCE FEE BE ACCEPTED AND THE PATENT
REINSTATED

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATCORIES

37 CFR 1.378{d) states: “Any petlition under this section must be signed by an attorney or agent registered to praclice before the Patent
and Trademark Office, or by the patentee, the assignee, or other parly in interest.”

I 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
(O A sole patentee

O A joint patentee; i certify that | am authorized to sign this submission on behalf of all the other patentees.
O A joint patentee; all of whom are signing this e-petition

O The assignee of record of the entire interest

Exhibit 1006 - Page 7 of 375
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PTO/SB/66 (03-08)

Approved for use through 03/31/2612. OMB 0651-06156
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to 2 collection of information uniess it displays valid OMB control number.

Patent Pracfitioner

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37 CFR 1.4{d) for the
form of the signature

Signature

iGreg L. Martinez/

Date (YYYY-MM-DD}

2010-11-10

Name

Greg L. Martinez

Registration Number

53276

This collection of information is required by 37 CFR 1.378(c}. The information is required to obtain or retain a benefit by the public which
is to file {and by the USPTO to process} an applicaticn. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated 1o take 1 hour to complete, including gathering, preparing, and submitting the completed application form to the
USPTG. Time will vary depending upon the individual case. Any comments on the amount of time you require tc complete this form and/
or suqgestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR CCMPLETED FORMS TO THIS
ADDRESS. This form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause
delays in reinstating the patent.

Exhibit 1006 - Page 8 of 375
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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 submissicn 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.8.C. 2{b}2); (2} furnishing of the
information sclicited 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.8.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 tc a
court, magisirate, 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
invalving 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, o 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 Ccoperation 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, tc 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 designes, 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. 2804 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 toc 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, fo a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.

Exhibit 1006 - Page 9 of 375
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Electronic Patent Application Fee Transmittal

Application Number:

10873969

Filing Date:

21-Jun-2004

Title of Invention:

METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT

STRUCTURE

First Named Inventor/Applicant Name:

Sang-Yun Lee

Filer:

Greg L. Martinez/Joyce Brown

Attorney Docket Number:

BESA.13399

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Maintenance Fee Due at 3.5 years 2551 1 490 490
Surcharge after Expiration-Unintentional 1558 1 1640 1640

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Exhibit 1006 - Page 10 of 375




Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2130

Exhibit 1006 - Page 11 of 375




UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

In re Patent No. 7052941
Issue Date: May 30,2006
icati :DECISION GRANTING PETITION
Application No. 10873969 'UNDER 37 CFR 1.378(c)
Filed: June 21,2004

Attorney Docket No. BESA.13399

This is a decision on the electronic petition, filed =~ November 10,2010  ynder 37 CFR 1.378(c)
to accept the unintentionally delayed paymentofthe 3.5  year maintenance fee for the above-identified patent.

The petition is GRANTED.

The maintenance fee is accepted, and the above-identified patent reinstated as of November 10,2010
This decision also constitutes notice that the fee has been accepted. An electronic copy of the petition and
this decision has been created as an entry in the Image File Wrapper. Nevertheless, petitioner should print
and retain an independent copy.

Telephone inquiries related to this electronic decision should be directed to the Electronic Business Center at 1-866-217-9197.

Exhibit 1006 - Page 12 of 375



Electronic Acknowledgement Receipt

EFSID: 8806922
Application Number: 10873969
Patent Number: 7052941
Confirmation Number: 7408

Petition Issued Date:

November 10,2010

Title of Invention:

METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT
STRUCTURE

First Named Inventor/Applicant Name:

Sang-Yun Lee

Customer Number:

23123

Filer:

Greg L. Martinez/Joyce Brown

Filer Authorized By:

Greg L. Martinez

Attorney Docket Number: BESA.13399
Receipt Date: 10-NOV-2010
Filing Date: 21-JUN-2004
Time Stamp: 12:24:27

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $2130

RAM confirmation Number 9341
Deposit Account 190513

Authorized User

SCHMEISER, OLSEN & WATTS

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

Exhibit 1006 - Page 13 of 375




Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
METHOD_FOR_MAKING_A_TH 842015
1 Petition automatically granted by EFS | REE_DIMENTIONAL_sb0066e_fi no 3
| |. pdf aac35c¢8e28af2d901a46e9a774f7a%e99a0d|
8426
Warnings:
Information:
32128
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
2fc381a1696af53b95bd3cefc180130a8415
9869
Warnings:
Information:
Total Files Size (in bytes); 874143

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.

Exhibit 1006 - Page 14 of 375




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/873,969 06/21/2004 Sang-Yun Lee BESA. 13399
CONFIRMATION NO. 7408
23123 POA ACCEPTANCE LETTER
SCHMEISER OLSEN & WATTS

76 £ UNIVERSITY DAIVE AR
SUITE # 101

MESA, AZ 85201

Date Mailed: 09/21/2010

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/13/2010.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/mteklemichael/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. g0V
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/873,969 06/21/2004 Sang-Yun Lee BESANG.P0O01
CONFIRMATION NO. 7408
41536 POWER OF ATTORNEY NOTICE
RAYMOND J. WERNER
2056 NW ALOGLEK DRIVE, SUITE 314 LR
HILLSBORO, OR 97124 000000043582833

Date Mailed: 09/21/2010

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/13/2010.

* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

/mteklemichael/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Privacy Act Statement

The Privacy Act of 1874 {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 Acl, 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.8. Patent and Trademark Office may not be able to
process andfor examing 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.

-4

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.8.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed o the Department of Justice {o determine whether
disclosure of these records is required by the Freedom of information Act.

A record from this system of records may be disciosed, as a routine use, in the course of
presenting evidence 1o 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 individua!, 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, 1o 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.8.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, {o the international Bureau of the
World intellectual Property Organization, pursuant to the Pateni 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.8.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S5.C. 218(c)).

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 respensibility to recommend improvements in records management
practices and programs, under authority of 44 U.8.C. 2904 and 2808, Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant {le., GSA or Commaerce) directive. Such disclosure shail not
lre used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
gither publication of the application pursuant to 35 U.8.C. 122(b} or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject o the iimitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandeoned 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.

Arecord from this system of records may be disclosed, as a routine use, to a Federal, Slate,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

EFSID: 8401794
Application Number: 10873969
International Application Number:
Confirmation Number: 7408

Title of Invention:

STRUCTURE

METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT

First Named Inventor/Applicant Name:

Sang-Yun Lee

Customer Number:

41536

Filer:

Greg L. Martinez/Joyce Brown

Filer Authorized By:

Greg L. Martinez

Attorney Docket Number:

BESANG.POO1

Receipt Date: 13-SEP-2010
Filing Date: 21-JUN-2004
Time Stamp: 12:03:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
METHOD_FOR_MAKING_A_TH 1708097
1 Power of Attorney REE_DIMENTIONAL_POA_1339 no 2
9.pdf ac3438386292ea3c8a0bd 97 1e9e006¢48f3
be62

Warnings:

Information:

Exhibit 1006 - Page 19 of 375




Total Files Size (in bytes):| 1708097

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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Docket No. BeSang.P001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

licant: Sang-Yun Lee
Serial No.: 10/873,969 Examiner: Thinh T Nguyen
Filed: June 21, 2004 Docket No.: BeSang.P00l

Title: THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE AND METHOD
OF MAKING SAME

Commissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1450

NOTIFICATION OF FILING A DIVISIONAL APPLICATION

Notification is hereby being made of the filing of
Divisional Application No. 11/378,059, filed on March 17, 2006

for the above application.

Respectfully submitted,

Fanggon. Lo

April 30, 2006 Sang-Yun Lee
Applicant and Inventor

15188 NW Central Dr. Ste. #213
Portland, OR 97229

Phone: 503-533-5150

Fax: 503-533-5150

1 of 7
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PART B - FEE(S) TRANSMITTAL

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

or Fax (571)273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredL. 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 unlzfass conjrfgctegl below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

O

e Eape{S. Each additional paper, such as an assignment or formal drawing, must
000041536 7590 01/30/2006 ave its own certificate of mailing or transmission,

RAYMOND J. WERNER f\\\ Certificate of Mailing or Transmission ) )
2056 NW ALOCLEK DRIVE, SUITE 314 4?.\\21 hereb certig that this Fee(s) Transmittal is being deposited with the United
£ States Postal Service with sufficient postage for first class mail in an envelope
HILLSBORO, OR 97124 %~ taddressed to the Mail St ISSUE. PEE address above, or bein facsimile

transmitted to the USPTO ((JE71) 273-2885, on the date indicated below.

03/30/2006 BABRAHAZ 00000033 10873969 7 VY ———
01 FC:23501 700.00 0P (Signature)

02 FC:1504 300.00 Op f A
27 m‘\ 20%' (Date)

| APPLICATION NO. J FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
10/873,969 06/21/2004 Sang-Yun Lee BESANG.P0O1 7408
TITLE OF INVENTION: METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE

I APPLN. TYPE ] SMALL ENTITY I ISSUE FEE I PUBLICATION FEE [ TOTAL FEE(S) DUE l DATE DUE
nonprovisional YES $700 $300 $1000 05/01/2006
| EXAMINER | ART UNIT J CLASS-SUBCLASS l
NGUYEN, THINH T 2818 " 438-152000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR l.3g63). 1 . PC

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2

(] "Fee Address” indication (or "Fec Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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 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.

(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) : U Individual Corporation or other private group entity O Government

4a. The following fee(s) are enclosed: 4b, Payment of Fee(s):
sue Fee %"\ check in the amount of the fee(s) is enclosed.
Publication Fee (No small entity discount permitted) ] Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies : o The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above) R
{J a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. () b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(2)(2).

The Director of the USPTO is requested to q;f)ply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the record‘sn of the United States Patent and Trademark Office.

Authorized Signature { M"'\/l Date Z 7 MQPCL) 2006
Typed or printed name \[/mm’y Ur We-\rn (4 B Registration No. 39',; 75 Z

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit bi 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 va deﬁ(;ndinﬁ upon the individual case. Any comments on the amount of time you require to complete

this form and/or stgggestnqnq for reducing this burden, should be sent to ale Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.

R?x 1432, A\I/e_xap .ng,2 }I]lggllnz;g 022313-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
€xandna, virgima - .

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.
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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.USPLO.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

000041536 7590 01/30/2006 | EXAMINER |
RAYMOND J. WERNER NGUYEN, THINH T
2056 NW ALOCLEK DRIVE, SUITE 314
HILLSBORO, OR 97124 [ ART UNIT | paperNUMBER |

2818
DATE MAILED: 01/30/2006

APPLICATION NO. ] FILING DATE [ FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. [ CONFIRMATION NO. ]
10/873,969 06/21/2004 Sang-Yun Lee BESANG.P001 7408
TITLE OF INVENTION: METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE

[ APPLN. TYPE ] SMALL ENTITY r 1SSUE FEE | PUBLICATION FEE T TOTAL FEE(S) DUE [ DATE DUE |
nonprovisional YES $700 $300 $1000 05/01/2006

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

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

HOW TO REPLY TO THIS NOTICE:

1. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

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

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if requlred) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

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

or Fax (571) 273-2885

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 unlct:‘ss corrfgcted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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

Rapers. Each additional paper, such as an assignment or formal drawing, must
000041536 7590 01/30/2006 ave its own certificate of mailing or transmission.
RAYMOND J. WERNER Certificate of Mailing or Transmission b the U
I hereby certify that this Fee(s) Transmittal is being deposited with the United
2056 NW ALOCLEK DRIVE, SUITE 314 States gostal g:rvice with sufficient postage for ﬁrgt clgss mail in an envelope
HILLSBORO, OR 97124 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
{Date)
[ appLicaTIONNO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. J
10/873,969 06/21/2004 Sang-Yun Lee BESANG.P001 7408

TITLE OF INVENTION: METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE

| APPLN. TYPE SMALL ENTITY | ISSUE FEE - |  pusLicATION FEE [ TOTALFEE(S) DUE DATE DUE |
nonprovisional YES $700 $300 $1000 05/01/2006
| EXAMINER | ART UNIT | cLasssuscLass |
NGUYEN, THINH T 2818 438-152000
1. Chanfe 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 1
ange of correspondence address (or Change of Correspondence or agents , alternatively,

Uch f sde dd Change of C d OR, al 1

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

(1 “Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3

Number is required. listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFI% 3.11. 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) : U individual (3 Corporation or other private group entity 0 Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ 1ssue Fee (3J A check in the amount of the fee(s) is enclosed.
{J publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies {] The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Oa Applicant claims SMALL ENTITY status, See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to q;f)ply the [ssue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is rechired to obtain or retain a benefit b}z' 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
submutting the completed application form to the USPTO. Time will v degendin% upon the individual case. Any comments on the amount of time you require to com;;)letc
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.Q.
Box 1450, Alexandria, Virf;inia 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.
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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 USpto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO.—I CONFIRMATION NO. |
10/873,969 06/21/2004 Sang-Yun Lee BESANG.P00I1 7408
000041536 7590 01/30/2006 [ EXAMINER |

RAYMOND J. WERNER
2056 NW ALOCLEK DRIVE, SUITE 314
HILL.SBORO, OR 97124

NGUYEN, THINH T

] ART UNIT | PAPER NUMBER |

2818

DATE MAILED: 01/30/2006

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

The Patent Term Adjustment to date is 23 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 23 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) 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 Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
) . 10/873,969 LEE, SANG-YUN
Notice of Allowability Examiner Art Unit
Thinh T. Nguyen 2818

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

1. [X] This communication is responsive to 1/10/2006.
2. i The allowed claim(s) is/are 1-10.

3. ] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
ax Al b)[JSome* c¢)[JNone 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. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

4. [T] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date _____.
(b) [ 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. [] 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. [J Notice of References Cited (PT0O-892) 5. [] Notice of Informal Patent Application (PTO-152)
2. [0 Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [J Interview Summary (PTO-413),
Paper No./Mail Date _____ .

3. [] Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. ] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ Other .
avid Nelms
Supervisory Patent Examiner
Technology Centor 2800

U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 011706
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Application/Control Number: 10/873,969 Page 2
Art Unit: 2818

DETAILED ACTION

Examiner’s Amendment.

1. An examiner's amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37
CFR 1.312. To ensure consideration of such an amendment, it MUST be submitted no
later than the payment of the issue fee.

Changes the title to:

-METHOD FOR MAKING A THREE-DIMENSIONAL INTEGRATED

CIRCUIT STRUCTURE --

Reason for allowance

2. Claims 1-10 are allowed.

The following is an examiner’s statement of reason for allowance: None of the
references of record teaches or suggests the claimed METHOD FOR MAKING A

THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE having the steps:
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Application/Control Number: 10/873,969 Page 3
Art Unit: 2818

--“ providing a first stackable add-on layer, the first stackable add-on layer
including a plurality’of vertically oriented semiconductor devices disposed within the first
stackable add-on layer, the plurality of vertically oriented semiconductor devices
separated from each other by dielectric material;

and attaching the stackable add-on layer to a layer of the substrate that is the

greatest distance from the substrate as measured from the bottom surface of the
substrate.”--

and all other steps as recited in claim 1.

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 fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance”.
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Application/Control Number: 10/873,969 Page 4
Art Unit; 2818

Conclusion

3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Thinh T Nguyen whose telephone number is 571-272-
1790. The examiner can normally be reached on Monday-Friday 9:30am-6:30pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, David Nelms can be reached at 571-272-1787.

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 Retfieval [ PAIR ] system.

Status information for published applications may be obtained from either Private
PAIR or Public PAIR. Status information for unpublished applications is available
through Private PAIR only. For more information about the PAIR system, see http://pair-

direct.uspto.gov. Should you have questions on access to the Private PAIR system,

contact the Electronic Business Center (EBC) at 866@\ 97 (toll-free)

i David Nelms
Thinh T Nguyen '| TW Supervisory Patent Examiner
. Technology Centor 2800
Art unit 2818
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. . Application/Control No. Applicant(s)/Patent under
Issue Classification Reexamination
10/873,969 LEE, SANG-YUN
Examiner Art Unit
Thinh T. Nguyen 2818
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
438 152 438 152 153
INTERNATIONAL CLASSIFICATION
Hlo|1]L 21/84
/
/
/
/ N
R W( Clai :
Thinh T Nguysh 172006 David Nelms Total Claims Allowed: 10
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FROM @ Paper Parachute PHONE NO. : 5S@3 533 8243 Jan. 160 2886 B2:28PM P1

RECEIVED
CENTRAL FAX GENTER

JAN 10 2006 .

FACSIMILE COVER SHEET

To: Examiner Thinh T Nguyen
ArtUnit 2818

Fax No: 571.273.8300

Date: 10 January 2006

From: Raymond J. Wermer
2056 NW Aloclek Drive
Suite 314
Hillsboro, Oregon 97124
503.466.2294 (voice)
503.466.2715 (fax)

Number of pages (including this page): 7
Confirmation copy to follow: Yes No__X___

COVER MESSAGE:
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Sang-Yun Lee ;
Application No. 10/873,969 ; Art Unit: 2818
Filed 21 June 2004 ;  Examiner: Thinh T Nguyen
Title Three-Dimensional Integrated
Cirguit Structure And Method Of
Making Same ;
Docket No. BeSang.P001 ,

Documents faxed in the above-referenced application:
1 - Certificate of Transmission by Facsimile (1 page), and
2 - Response and Amendment (5 pages).

THIS TRANSMISSION 1S INTENDED ONLY FOR THE INDIVIDUAL OR ENTITY TO WHICH IT IS ADDRESSED. IT MAY CONTAIN
PRIVELEDGED, CONFIDENTIAL ATTORNEY WORK PRODUCT, OR TRADE SECRET INFORMATION WHICH IS EXEMPT FROM
DISCLOSURE UNDER APPLICABLE LAWS. IF YOU ARE NOT THE INTENDED RECIPENT, OR AN EMPLOYFE OR AGENT
RESPONSIBLE FOR DELIVERING THIS MESSAGE TO THE INTENDED RECIPIENT AN HAVE RECEIVED THIS MESSAGE IN
ERROR, PLEASE NOTIFY US IMMEDIATELY BY TELEPHONE.
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FROM : Paper Parachute PHONE NO. : 583 533 8243 Jan. 10 2086 02:28PM P2

RECEIVED
CENTRAL FAX CENTER
JAN 10 2006
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Sang-Yun Lee ;
Application No. 10/873,969 . ArtUnit: 2818
Filed 21 June 2004 ;  Examiner: Thinh T Nguyen
Title Three-Dimensional integrated

Circuit Structure And Method Of

Making Same )
Docket No. BeSang.P001 :

CERTIFICATE OF TRANSMISSION BY FACSIMILE
37 CFR 1.8

Commissioner for Patents -
PO Box 1450
Alexandria, VA 22313-1450

| hereby certify that the following items:

1 - Certificate of Transmission by Facsimile (1 page), and
2 - Response and Amendment (5 pages).

are being transmitted by facsimile to 571.273 8300 pursuant to 37 CFR 1.8 on the date

Caprocel . LZies

Rgymond J.\}Nerner

jo Jamvary 2004

Date of Trandmission

Raymond J. Werner
2056 NW Aloclek Drive
Suite 314

Hillsboro, Oregon 97124
T: 503.466.2294

F: 503.466.2715
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FROM : Paper Parachute PHONE NO. : 583 533 8243 Jan. 10 2886 B2:29PM P3

RECEIVEL
CENTRAL FAX CENTER
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Sang-Yun Lee ;
Application No. 10/873,969 ;  ArtUnit: 2818
Filed 21 June 2004 ;7 Examiner: Thinh T Nguyen
Title Three-Dimensional Integrated

Circuit Structure And Method Of

Making Same ;
Docket No. BeSang.P001 :

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

RESPONSE AND AMENDMENT

Sir:
This is in response to the Office Action of 13 September 2005.

Presented below, and beginning on separate sheets, are various sections,
including, a Claim Amendments section, and a Remarks section.

10f5
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FROM : Paper Parachute PHONE NOD. @ SB3 533 8243 Jan. 18 2086 ©2:25PM P4

Application. No. 10/873,969

INTHE CLAIMS
1. (Amended) A method of forming a semiconductor structure, comprising:

providing a substrate having electrical devices formed therein, and further
having at least one dielectric layer and at least one interconnect layer disposed above
the substrate,;

providing a first stackable add-on layer, the first stackable add-on layer
including a plurality of vertically oriented semiconductor devices disposed within the
first stackable add-on layer, the plurality of vertically oriented semiconductor devices
separated from each other by dielectric material; and

attaching the stackable add-on layer to a layer of the substrate that is the
greatest distance from the substrate ag meagured from the bottom surface of the
substrate

2. (Original) The method of Claim 1, wherein the plurality of vertically oriented

semiconductor devices includes at least one n-p-n stack.

3. (Original) The method of Claim 2, further comprising forming a gate dielectric on

the n-p-n stack, and forming a gate electrode on the gate dielectric.

4. (Onginal) The method of Claim 3, wherein the gate electrode is disposed on the
gate dielectric such that it is adjacent at least a p region of the n-p-n stack so as to

form an n-type MOSFET.

20f5
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FROM : Paper Parachute PHONE NO. : 5B3 533 8243 Jan. 180 2886 @2:30PM PS

Application. No. 10/873,969

5. (Original) The method of Claim 1, wherein the plurality of vertically oriented

semiconductor devices includes at least one p-n-p stack.

6. (Original) The method of Claim 5, further comprising forming a gate dielectric on

the p-n-p stack, and forming a gate electrode on the gate dielectric.

7. (Original) The method of Claim 6, wherein the gate electrode is disposed on the
gate dielectric such that it is adjacent at least an n region of the p-n-p stack so as to
form a p-type MOSFET.

8. (Original) The method of Claim 1, wherein the plurality of vertically oriented
semiconductor devices includes at least one floating gate non-volatile memory

device.

9. (Original) The method of Claim 8, wherein a vertically oriented erase gate is

disposed adjacent the at least one floating gate non-volatile memory device.

10. (Original) The method of Claim 1, further comprising attaching a second stackable
add-on layer above the first stackable add-on layer.

11. - 20. (Cancelled)

3of§
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FROM : Paper Parachute PHONE NO. : 583 533 8243 Jan. 10 2006 02:38PM P6

Application. No. 10/873,969

REMARKS
This is in response to the Office Action of 28 November 2005. Claims 1-20 are
pending in the application, Claims 1-10 have been allowed, and Claim 1 has been
objected to for an informality. The Examiner states that the application is condition for
allowance except for the objection to Claim 1, and further states that prosecution on the
merits is closed.

By this Response and Amendment, non-elected Claims 11-20 are
cancelled, and the cited informality in Claim 1 has been amended as suggested by the
Examiner.

No new matter has been added.

Allowed Claims

The Examiner has stated that the application is in condition for allowance except
for the objection to Claim 1. Claims 1-10 have been allowed, and prosecution on the
merits is closed.

Objection to Claim 1
The Examiner has objected to Claim 1 and has suggested comected language.

By this Response and Amendment, Applicant has amended independent Claim 1
as suggested by the Examiner. In view of this amendment, Applicant respectfully
submits that the objection has been overcome.

Conclusion

Applicant respectfully requests that a timely Notice of Allowance be issued in this
case.

40f5 |
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Application. No. 10/873,969

Dated: 10 January 2006
Hillsboro, Oregon
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Respectfully submitted,

By W[r&fjm/«j

Félym(md E Werner
Reg. No. 34,752
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UNITED STATES PATENT AND TRADEMARK OFFICE %L/

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

P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.USPRO. g0V
[ APPLICATION NO. ] FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION No.j
10/873,969 06/21/2004 Sang-Yun Lee BeSang.P001 7408
41536 7590 11/28/2005 | EXAMINER j
RAYMOND J. WERNER

NGUYEN, THINH T
2056 NW ALOCLEK DRIVE, SUITE 314

HILLSBORO, OR 97124 | ART UNIT | papernumMBER ]
2818

DATE MAILED: 11/28/2005

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

PTO-90C (Rev, 10/03)
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Application No. Applicant(s)

10/873,969 LEE, SANG-YUN
Office Action Summary Examiner ArtUnit

Thinh T. Nguyen 2818

-- 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 2 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, 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 comm&nication‘
- 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 28 September 2005.
2a)[] This action is FINAL. 2b)[] This action is non-final.

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

Disposition of Claims

4) Claim(s) 1-10 is/are pending in the application.

4a) Of the above claim(s) ______is/are withdrawn from consideration.
5)X Claim(s) 1-10 is/are allowed. '
6)[] Claim(s) ______is/are rejected.
7)X Claim(s) 1 is/are objected to.
8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 12 June 2004 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)
1) @ Notice of References Cited (PTO-892) -4 [:] Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) [] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [ Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date . 6) D Other: .
U.8. Patent and Trademark Office

PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 111705
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Application/Control Number: 10/873,969 Page 2
Art Unit: 2818

DETAIL OFFICE ACTION

Election/Restriction

1. Applicant's election without traverse of claims 1-10 in the communication with the

Office on 9/28/2005 is acknowledged.

Specification

2. The specification has been checked to the extent necessary to determine the presence
of all possible minor errors. However, the applicant cooperation is requested in correcting any

errors of which the applicant may become aware in the specification.

Claim Objection

3. Claim 1 is objected to for the unclear recitation : -- “ That is the greatest distance from
the substrate “--. Which can make it to become indefinite.

It is unclear what distance that the applicant refers to.

Applicant is required to amend the claim so that the claim will be in acceptable form to
clearly defines the meter and bound of the invention that the Applicant wishes to have patent

protection from the Office. The Examiner suggests the applicant amend the last recitation of claim
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Application/Control Number: 10/873,969 Page 3
Art Unit: 2818

1 to -- That is the greatest distance from the substrate measuring from the bottom surface of the

substrate. --

4. This application is in condition for allowance except for the objection to claim 1.
Applicant is given TWO MONTH or SIXTY DAYS from the date of this letter, whichever is
longer, to amend the noted claim or take other appropriate action (37 CFR 1.144).

Prosecution on the merits of this case is closed in accordance with the practice under Ex
parte Quayle, 1935 C.D. 11, 453 O.G. 213. except for consideration of the above matter.

A shortened statutory period for reply to this action is set to expire TWO MONTHS

from the mailing date of this letter.
5. When responding to the office action, Applicants are advised to provide the examiner
with the line numbers and page numbers in the application and/or references cited to assist the

examiner to locate the appropriate paragraphs.

6. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d) which papers

have been placed of record in the file.

Conclusion

7. The prior arts made of record and not relied upon are considered pertinent to applicant

disclosure: Greenlaw (US patent 6,943,067) discloses a three dimensional integrated
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semiconductor device

8. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Thinh T Nguyen whose telephone number is 571-272-1790. The examiner can
normally be reached on Monday-Friday 9:00am-6:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
David Nelms can be reached on 571-272-1787. The fax phone numbers 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 866-217-9197 (toll-free).

Thinh T Nguyen ,mj
S David Nelms
Art Unit 2818 upervisory Patent Examiner
m Technology Center 2800
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Application. No. 10/873,969 QECEIVED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE  SEP 7 g 7pne

Applicant Sang-Yun Lee ;
Application No. 10/873,969 :  ArtUnit: 2818
Filed 21 June 2004 ;. Examiner: Thinh T Nguyen
Title Three-Dimensional Integrated ,
Circuit Structure And Method Of ;
Making Same ;
Docket No. BeSang.P001 ' :

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

RESPONSE TO
RESTRICTION AND ELECTION OF SPECIES REQUIREMENTS

Sir:
This is in response to the Office Action of 13 September 2005.

Presented below, and beginning on a separate sheet, is a Remarks section.

10of2
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_FROM : Paper Parachute PHONE NO. : 583 533 8243 Sep. 28 2005 ©2:S56PM P4

Application. No. 10/873,969

REMARKS
This is in response to the Office Action of 13 September 2005. Claims 1-20 are
pending in the application, and Claims 1-20 are subject to restriction and election of

RCUET IFAUTEMAIIE. Maee, paliraiiatly, e EXamiDRthas muves BRsioudR iy

inuantinn af Clnima 1 17 drmun $n 0 nraannn of malrinn a anminandintar deidnn Thn

Examiner has further made an election of species requirement with respect to the
Group Il invention, such that upon election of the Group Il invention Applicant must
further elect either Species [ (Claims 1-10) or Species Il (Claims 11-17).

By this Response, Applicant hereby makes the following election of Group and
Species,'without traverse, for prosecution on the merits. Specifically, Applicant,
responsive to the Restriction 'Requirement elects the invention of Group 1l (Claims 1-

17), and responsive to the Election of Species requirement elects Species | (Claims 1-
10).

Applicant may file one or more divisional patent applications to pursue non-
elected subject matter during the pendency of this application.

Applicant respectfully requests that a timely Notice of Allowance be issued in this

case.
Respectfully submitted,
Dated: 27 September 2005 aymong J. Wemer
Hillsboro, Oregon Reg. No. 34,752

BEST AVAILABLE COPY
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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.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

[ APPLICATION NO. l FILING DATE [ FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
10/873,969 06/2172004 Sang-Yun Lee BeSang.P001 7408
41536 7590 09/13/2005 [ EXAMINER ]
RAYMOND J. WERNER NGUYEN, THINH T
2056 NW ALOCLEK DRIVE, SUITE 314
HILLSBORO, OR 97124 I ART UNIT |  PAPERNUMBER |
2818

DATE MAILED: 09/13/2005

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

PTO-90C (Rev. 10/03)
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Application No. Applicant(s) u
10/873,969 LEE, SANG-YUN

Office Action Summary Examiner ArtUnit
Thinh T. Nguyen 2818

-- 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 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION,

Extensions of time may be avallable 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 21 June 2004.
2a)["] This action is FINAL. 2b)[[] This action is non-final,
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. -

Disposition of Claims

4)X Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
51 Claim(s) is/are allowed.
6)[] Claim(s)_____is/are rejected.
7)(J Claim(s) is/are objected to.

8)X Claim(s) 1-20 are subject to restriction and/or election requirement.

Application Papers

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

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. §'119(a)-(d) or (f).
a)_J Al b)[] Some * c)[] None of: ‘
1.0 Certified copies of the priority documents have been received.
2.[] cCertified 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) [J Notice of References Cited (PTO-892) 4) [ interview Summary (PTO-413)

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

3) [[] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [_] Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) D Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 7-05) Office Action Summary Part of Paper No./Mail Date 090205

Exhibit 1006 - Page 65 of 375




Application/Control Number: 10/873,969 Page 2
Art Unit: 2818

DETAILED OFFICE ACTION

Election/Restrictions
Claims 1- 20 are pending in this appilication.
1. Restriction to one of the following inventions is required under 35 U.S.C. 121:
Groupl. Claims 18-20 drawn to a semiconductor device, classified in class 257, subclass 758.

GroupII. Claims 18-20, drawn to process of making a semiconductor device, classified in

class 438, and subclass 118.

2. The inventions are distinct, each from the other because of the following reasons:

Inventions II and I are related as process of making and product made. The inventions
are distinct if either or both of following can be shown: (1) that the process as claimed can be use
to make other and materially different product or (2) that the product as claimed can be made by
another and materially different process or by hand (MPEP § 806.05(f)). In the instance case
unpatentabilities of the group I invention would not necessarily imply unpatentability of the
group II invention, since the device of the group I invention could be made by the processes

materially different from those of the group II invention, for example, in the claim 1 a method

for making the device of claim 20 , wherein this method can be used to fabricate a

semiconductor device wherein the second doped region is provided with a direct electrical
contact that is a materially different device from claim 20 with a second doped region that

is not provided with a direct electrical contact.

3 In the case applicant elect group II these claims are required to be further restricted under
35 U.S.C. 121 as the following:
The claims are directed to the following patently distinct species of the claimed

invention:
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Application/Control Number: 10/873,969 Page 3
Art Unit: 2818

Species I.  Claims 1-10 and as best as can be understood is described in claim 1
is directed to a method of making a semiconductor device with all the technical feature as recited
in claim 1.

Species II.  Claims 11- 17 and as best as can be understood is described in claim 11 -
is directed to a method of making a semiconductor device with all the technical feature as recited

in claim 11.

4, Because these inventions are distinct for the reasons given above and have acquired a
separate status in the art as shown by their different classification, the fields of search are not co-
extensive. Therefore, separate examination would be required and restriction for examination

purposes as indicated is proper.

5 for species restriction requirement; Applicant is required under 35 U.S.C. 121 to elect a
single disclosed species for prosecution on the merits to which the claims shall be restricted if no
generic claim is finally held to be allowable. '

Applicant is advised that a reply to this requirement must include an identification of the
species that is elected consonant with this requirement, and a listing of all claims readable
thereon, including any claims subsequently added. An argument that a claim is allowable or that
all claims are generic is considered nonresponsive unless accompanied by an election.

Upon the allowance of a generic claim, applicant will be entitled to consideration of
claims to additional species which are written in dependent form or otherwise include all the
limitations of an allowed generic claim as provided by 37 CFR 1.141. If claims are added after
the election, applicant must indicate which are readable upon the elected species. MPEP §
809.02(a).

Should applicant traverse on the ground that the species are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the species to
be obvious variants or clearly admit on the record that this is the case. In either instance, if the
examiner finds one of the inventions unpatentable over the prior art, the evidence or admission

may be used in a rejection under 35 U.S.C. 103(a) of the other invention.
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Application/Control Number: 10/873,969 Page 4
Art Unit: 2818

6. Applicant is advised that the response to this requirement to be complete must include an
election of the invention to be examined even though the requirement be traversed (37
CFR 1.143).

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

Conclusion

8. Any inquiry concerning this communication on earlier communications from the
examiner should be directed to Thinh T Nguyen whose telephone number is 571-272-1790. The
examiner can normally be reached on Monday-Friday from 9:00 AM to 6:00 PM. Thé
examiner’s supervisor, David Nelms can be reached on 571-272-1 787.The-fax phone number for
the organization where this application or proceeding is assigned is (703) 872-9306

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval [ PAIR ] system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR
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Application/Control Number: 10/873,969 Page 5
Art Unit: 2818

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Thinh T Nguyen %
P aanmEa

Art Unit 2818
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Application/Control No.

Applicant(s)/Patent under

Index of Claims Reexamination
10/873,969 LEE, SANG-YUN
Examiner Art Unit
Thinh T. Nguyen 2818
. {Through numeral) ‘
v | Rejected - Cancelled N Non-Elected Appeal
=| Allowed + Restricted | | Interference Objected
Claim Date Claim Date Claim Date
5| £ 5| & 5| £
£l 2 £ | O £l 0
w 5 (' 6 L. 6
1 1k 51 101
2 |, 52 102
3 1] 53 103
4 54 104
5 55 106
6 56 106
7 57 107
8 58 108
9 59 109
10 60 110
11 61 111
12 62 112
13 63 113
14 64 114
15 65 115
16 66 116 -
17 67 117
18 68 118
19 | 69 119
20 |7 70 120
21 71 121
22 72 122
23 73 123
24 74 124
25 75 125
26 76 126
27 77 127
28 78 128
29 79 129
30 80 130
31 81 131
32 82 132
33 83 133
34 84 134
35 85 135
36 86 136 .
37 87 137
38 88 138
39 89 139
40 90 140
41 91 141
42 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 1147
48 98 148
49 99 149
50 100 150

U.S. Patent and Trademark Office
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PTOISB/21 (04-04)
Approved for usa through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
. r.

Application Number

w0 BR- o - 10/513, Geq
O TRANSMITTAL Filing Date 2 Tune 2004
) FORM First Named Inventor S an. a-—-\/u,n LEE-
Art Unit -

(to be used for all corraspondence after initial filing) L;c@n S+ S Qe view
)

Tar T. Lono
Be Sang. Pool y,

ENCLOSURES  (Check all that apply)

Examiner Name

é Attorney Docket Number
\ Total Number of Pages in This Submission

After Allowance cormmunication
to Technology Center (TC)

Appeal Communication to Board
of Appeals and Interferences
Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Dl

Fee Transmittal Form Drawing(s)

D Fee Attached
Amendment/Reply

D After Final

D Affidavits/declaration(s)

Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

[

Proprietary Information

Status Letter

Other Enclosure(s) (please
Identify below):

Request for Refund R 5_\, '~ PO 4 card.
Declavuction oFf SungmiaPork

Terminal Disclaimer

OOOan

Extension of Time Request

Express Abandonment Request

HNEEEEE

Information Disclosure Statement CD, Number of CD(s)
Certified Copy of Priority (Remarks ]

Document(s)

Response to Missing Parts/
Incomplete Application

O O 4ddd

Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm

?r:dividual name RQK{YY\OVIC( J. W@W\ey

Signature W / A l‘ E ), M 3Z 2.5—2'
Date '2.@ < ‘ + w Iii

CERTIFICATE OF TRANSMISSION/MAILING

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

/Rﬂ\‘lmond T. Wevner

'.Typed or printed name
@nature m Pate | 28 S@frf Qooy
L8

This collection of information is required by 37ICFR 1.5. 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 1.8.C. 122 and 37 CFR 1.14. This collection is estimated to 2 hours to complete, inciuding

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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Sang-Yun Lee
10/873,969
21 June 2004

Art Unit : Licensing & Review
Three-Dimensional Integrated

Examiner : lan J. Lobo

Circuit Structure And Method Of ;
Making Same ;

Docket No. BeSang.P001

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

RENEWAL OF
PETITION FOR
RETROACTIVE FOREIGN FILING LICENSE
UNDER 37 CFR 5.25(b)
Sir:
This is in response to the Decision On Request Under 37 CFR 5.25 dated 02
September 2004.
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Appl. No. 10/873,969

REMARKS

Applicant filed a Petition For Retroactive Foreign Filing License Under 35 USC
184 and 37 CFR 5.25 in connection with the above-identified application on 16 July
2004. The Petition included a Summary, a short statement of the Nature of the
Invention, a Statement of Facts Involved, a Request for a Retroactive Foreign Filing
license; and a Declaration by the Applicant, Mr. Sang-Yun Lee, in support of the
Petition.

In the Decision on Request Under 37 CFR 5.25, dated 02 September 2004, the
Examiner indicates that what is further required in the instant case is a verified
statement by the Korean patent attorney averring to the details surrounding the

proscribed filing.

Submitted herewith is the Declaration of Sungmin Park In Support of Petition for
Retroactive Foreign Filing License Under 35 USC 184 and 37 CFR 5.25. As can be
seen in this declaration, Mr. Park was the Korean patent attorney that filed the two
Korean patent applications in question in this case. However, as Mr. Parks' declaration
further sets forth, he is not licensed to practice in the United States, and was not aware,
at the time of filing, of the requirements under US law to file first in the United States for

inventions made in this country.

Taken together, the declarations of the Applicant, Sang-Yun Lee, and of his
Korean patent attorney, Sungmin Park, show that the proscribed filings were made
through error and without any deceptive intent.

Applicant respectfully renews the request for a retroactive foreign filing license to

be granted in this case.

If a telephone conversation with Applicant's undersigned representative would in
any facilitate the granting of the retroactive foreign filing license, the Examiner is invited
to contact to Raymond J. Werner at 503.466.2294.
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Appl. No. 10/873,969

Dated: 28 September 2004
Hillsboro, Oregon
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Respectfully submitted,

By W W-&/‘j
I{aymor{é J. Werner

Attorney for Applicant
Reg. No. 34,752



Appl. No. 10/873,969

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Sang-Yun Lee :
Appl. No. : 10/873,969 »ArtUnit : Not Assigned
Filed ; 21 June 2004 . Examiner: Not Assigned
Title : Three-Dimensional Integrated  ; '

Circuit Structure And Method Of ;

Making Same ;
Docket No. BeSang.PO01 ;

..........................................................................

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

DECLARATION OF SUNGMIN PARK
IN SUPPORT
OF
PETITION FOR
RETROACTIVE FOREIGN FILING LICENSE
UNDER 35 USC 184 and 37 CFR 5.25

In support of the Petition for Retroactive Foreign Filing License under 35 USC
184 and 37 CFR 5.25, filed on 16 July 2004, Sungmin Park makes the following
Declaration:

1) I am a citizen of the Republic of Korea (South Korea), presently reside in South
Korea, and have offices at Suite 2010 Sungi Heights No. 1, 702-13 Yoksam-Dong,
Gangnam-Gu, Seoul 135-917;

2) | am a patent attorney in South Korea, and not admitted to practice iaw in the
United States;
4) At the request of Sang-Yun Lee, | filed a first patent application, prepared in the

Korean language, on 24 June 2003, and this application was assigned the application
number 10-2003-0040920 by the Korean Inteilectual Property Office;
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Appl. No. 10/873,969

5) At the request of Sang-Yun Lee, | filed a second patent application, prepared in
the Korean language, on 12 July 2003, and this application was assigned the
application number 10-2003-0047515 by the Korean Intellectual Property Office:

6) At the time of filing the first and second above-identified Korean patent
applications, | was unaware of the requirements of United States Patent Law at 35 USC
184 regarding the prohibition of filing a patent application outside the United States for
an invention made in the United States, prior to issuance of a foreign filing license or the
expiry of six months from the date of filing an application for patent in the United States;

7) Being a Korean patent attorney, that is licensed to practice in the Republic of
Korea and not in the United States, and being unaware of the requirements of 35 USC
184 at the time of filing of the above-identified Korean patent apblications, I therefore
did not advise Sang-Yun Lee regarding the requirements of United States Patent Law,
nor did | provide him with any information regarding the United States requirements for

foreign filing, and

8) | was not at the time of filing, nor at any subsequent time, under the belief or
impression that the filings of the two Korean patent applications identified above were

made with any deceptive intent.

I, Sungmin Park, hereby declare that all statements made herein of my own
knowledge are true and that statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that wiilful
false statements and the like so made are punishable by fine or imprisonment, or both,
under 18 USC 1001 and that such willful false statements may jeopardize the validity of

the application or any patent issued thereon.
By % W’k

Date: Q’g g"l"'k/w?w 200 T Sungmin Pavrk

Seoul, South Korea Declarant
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<C- JOWSCS 17 AUG 2004
ERDM :":’aper‘ Parachute PHONE NO. : 583 533 8243 fug. 16 2084 91:11PM P1

FACSIMILE COVER SHEET

To:  OFFICE OF INITIAL PATENT EXAMINATION
FILING RECEIPT CORRECTIONS
Fax No: 703.746.9195
Date: 16 August 2004
From: Raymond J. Wemer
2056 NW Aloclek Drive
Suite 314
Hillsboro, Oregon 97124
503.466.2294 (voice)
503.466.2715 (fax)
Number of pages (including this page): 3
Confirmation copy to follow:; Yes No_ X

oo L i —

COVER MESSAGE:

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant Sang-Yun Lee :
Appl. No. : 10/873,969 . ArtUnit : 2811
Filed : 21 June 2004 A ; . Examiner: Not Assigned
Title : Three-Dimensional Integrated  ;
Circuit Structure And Method Of ;
Making Same ;
Docket No. : BeSang.P001 !

Documents faxed in the above-referenced application:
1 - Request for Corrected Filing Receipt (1 page), and
2 - marked up copy of criginal Filing Recelpt (1 page).

THIS TRANSMISSION IS INTENDED ONLY FOR THE INDIVIDUAL OR ENTITY TO WHICH IT IS ADDRESSED. IT MAY CONTAIN
PRIVELEDGED, CONFIDENTIAL ATTORNEY WORK PRODUCT, OR TRADE SECRET INFORMATION WHICH IS EXEMPT FROM
DISCLOSURE UNDER APPLICABLE LAWS, IF YOU ARE NOT THE INTENDED RECIPENT, OR AN EMPLOYEE OR AGRNT
RESPONSIBLE FOR DELIVERING THIS MESSAGRH TO THE INTENDED RECIPIENT AND HAVE RECEIVED THIS MESSAGE IN
ERROR, PLEASE NOTIFY US IMMEDIATELY BY TELEPHONE.

PAGE 1/3* RCVD AT 8/16/2004 4:38:39 P [Eastem Dayiight Time] * SVR:USPTO-EFXRF4/1 ¢ DNIS:7469195 * CSID:503 $33 8243 DURATION (mm-5s):01-50
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FROM : Paper Parachute PHONE ND. : 593 533 8243 Aug. 16 2804 @1:12PM P2

IN THE UNITED STATES PATENT AND TRADEMARK QFFICE

Applicant : Sang-Yun Lee ;
Appl. No. : 10/873,969 ;  ArtUnit : 2811
Filed : 21 June 2004 ;  Examiner: Not Assigned
Title : Three-Dimensional Integrated ;o
- Circuit Structure And Method Of ;
Making Same ;
Docket No. BeSang.P001 ;

Office of Initial Patent Examination
Filing Receipt Corrections
Facsimile Number 703.746.9195
REQUEST FOR CORRECTED FILING RECEIPT
Sir:

In response to the Filing Receipt mailed 13 August 2004, Applicant requests that the
following corrections be made:

1) please change the Atty. Docket No. from "Be Sang-P001" to ~-BeSang.P001-; and

2) please change Applicant's name from "Sang-Yuh Lee" to --Sang-Yun Lee--.

- A marked up copy of the original Filing Receipt is included herewith.

Respectiully submitted,

\ Bapond U

Dated: 16 August 2004 éaymoncy J. Werner
Hillsboro, Oregon , Reg. No. 34,752

PAGE 23* RCVD AT 811612004 4:38:39 P [Eastem Daylight Time) * SVR:USPTO-EFXRF 4/1 * DNIS:7469195 * CSID:503 533 8243* DURATION (mm-55):01-50
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FROM : Paper Parachute PHONE NO. : 5B3 533 8243 Aug. 16 2004 B1:12PM P3

Page | of 2

UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED 5TATES DEPARTMENT OF COMMERCE
United Stutes Potent and Trudomark Offica
Adrel FOR PATENTE

Y
mm‘\ﬁmm 21313.2430
APPL NO. Fu.xg)sog_v;én ARTUNIT [ PIL FEE RECD ATTY.DOCKET NO DRAWINGS | TOT GLMS | IND cLMS
10/873,969 08/21/2004 2811 385 ~Be-Seng-Poo+— 59 20 3

: &5‘7’3‘ ool CONFIRMATION NO. 7408
g?f\?b‘;lgb?g J. WERNER | TﬂlﬂilﬂN G REcuElEﬂT l HM
2056 NW ALOCLEK DRIVE, SUITE 314 R QA LA 058 S A R KA ED e e
HILLSBORO, OR 97124 *0C000000013634867

Date Mailed; 08/13/2004

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be
notified as to tha results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees transmitted by
check or draft are subject to collection. Please verify the accuracy of the data presented on this receipt.  an
error is noted on this Filing Receipt, please write to the Office of Initlal Patent Examination’s Filing
Receipt Corrections, facsimile number 703-746-9185. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts” for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections (if
appropriate).

Applicant(s)
Sang¥un Lee, Beaverton, OR;

Sang- Yon

Domestic Priority data as claimed by applicant'

Forelgn Applications
REPUBLIC OF KOREA 10-2003-0040920 06/24/2003
REPUBLIQ OF KOREA 10-2003-0047515 07/12/2003
If Required, Forelgn Flling License Granted: 08/13/2004
Projectad Publication Date: 12/30/2004
Non-Publication Request: No
Early Publication Request: No
* SMALL ENTITY **

Title '
' Three-dimensional integrated circuit structure and method of making same

Proliminary Class
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u.s. Patent and Trademark Office; U S. DEPARTMENT OF COMMERCE
r.

4)@ Appllcatlon Number \D / 13 Q 9
7]
TRANSMITTAL Ff""Q Date 2l June 2004
FORM First Named Inventor Sa_nq_ \/ULY\ lee
(to be used for all correspondence after initial filing) At Unit n 9+ ase}q nac)

Examiner N .
miner fame ot aSS\gheC‘

Att Docket Numbi X .
k Total Number of Pages in This Submission q ormey Locket Rumber i’)&f_nng . ?001_ )

ENCLOSURES  (Check all that apply)

After Allowance communication
to Technology Center (TC)

Appeal Communication to Board
of Appeals and Interferences
Appeal Communication to TC

X

Fee Transmittal Form

& Fee Attached

Drawing(s)

Licensing-related Papers

Amendment/Reply Petition {Appeal Notice, Brief, Reply Brief)
Petition to Convert to a . )
After Final Provisional Application Proprietary Information

Power of Attorney, Revocation
Change of Correspondence Address Status Letter
Other Enclosure(s) (please

Identify below):

Return pest + caed

D Affidavits/declaration(s)

XOOOOO

Extension of Time Request Terminal Disclaimer

OO0

Express Abandonment Request Request for Refund o o< Ppplicans Tin
information Disclosure Statement CD, NumberofCD(s)___ | Seup port o€ Pttt o, Feur
Certified Copy of Priority -@mi__l Re:H/‘OO.C“\'l Ve, -}"OV‘-P/\ 4 Filin
Document(s) Jicems e under 35 UsSC a:

27 CFR 525

Response to Missing Parts/
Incomplete Application

[ O 4dd

I:] Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm
or

Individual name :P\ % ™ O»\ch% . V\"e)""r\_aJ(‘

Signature ’ CWW m {{@ NQ .29, 752
Date /é jully o0d \ ’

CERTIFICATE OF TRANSMISSION/MAILING

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

Typed or printed name

hoﬂrhwih &. Nelson
Signature WO‘/ vu/Q/w,\ Date ‘G J&\\q 5100‘)—)

This collection of information is requlred by 37 CFR 1.5, The ini@rmation 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 1.S.C. 122 and 37 CFR 1.14. This collection is estimated to 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 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.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Approved for use through 07/31/2006. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

e required to respond to a collection of information unless it displays a valid OMB control number.
Complete if Known \

Application Number \O/ 373, 9469

for FY 2004 Filing Date 2!l June Aco4
. First Named Inventor ahg - Yun e
Effective 10/101/12003. Patent fees are subject to annual revision. = 6 = y -
Examiner Name noY assio vwad
S Applicant claims small entity status. See 37 CFR 1.27 .
’ Art Unit not assligned
\ TOTAL AMOUNT OF PAYMENT $) 20 Attorney Docket No. Ro<Sa gl POOA. J
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
P —— E— E———
Brcneck [ creditcars [ ] Money [Tother [ Jnone | 3. ADDITIONAL FEES
. er Large Entity | Small Entity
' I:I Deposit Acoount Fee Fee |Fee Fee inti
Eemsitt Code ($) |Code () Fee Description Feo Paid_
Nooober 1051 130 [2051 65 Surcharge - late filing fee or oath
Deposit 1052 50 |2052 25 Surcharge - late provisional filing fee or
Amlgt cover sheet
The Director Is authorized to: (check all that apply) 1053 130 11053 130 g;ngﬁ:gisresz:tﬁ:;tf: arte reexamination
Charge fee(s) indicated below ] Credit any overpayments | 1812 2,520 1812 2,520 94 req parte reexamina
DCharge any additional fee(s) or any underpayment of fee(s) 1804 920°) 1804 920 ’éﬁ;‘,‘,‘,‘fﬁg;‘ gc‘;,“o‘;:"‘a“" of SIR prior to
DCharge fee(s) indicated below, except for the filing fee 1805 1,840°| 1805 1,840* Requesting publication of SIR after
to the above-identified deposit account. Examiner action
R s dt e o
—— ension
. 1. BASIC FILING FEE _ 1252 4202252 210 , y Wi se
ILarge Entity Small Entlty 1253 950 | 2253 47 Extension for reply within third month
F Fee Description Fee Paid | 1254 1,480 | 2254 740 Extension for repty within fourth month
Utility filing fee 1255 2,010 | 2255 1,005 Extension for reply within fifth month
Design ﬁling fee 1401 330 2401 165 Notice of Appeal
: Plant filing fee 1402 330 | 2402 165 Filing a brief in support of an appeal
Reissue filing fee 1403 290 | 2403 145 Request for oral hearing
Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding
SUBTOTAL (1) [($) () 1452 110 | 2452 55 Petition to revive - unavoidable
1453 1, 30 | 2453 66 Petition to revive - unintentional
2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE| 10, | 39 [ 2501 66wy issue fee (or eissue)
: Extra Claims L_Eﬁ Fee Paid | 1502 480 | 2502 240 Design issue fee
L%‘Z'pg:“z'::t (I Y S Ll 1503 640| 2503 320 Prantissue teo
(l\:ﬁlall{n? b dl " l -3 = I l x| ] 4 I 1460 130 | 1460 130 Petitions to the Commissioner {20 T
WHiple Fependen L 14 I} 1607 50| 1807 50 Processing fee under 37 CFR 1.17(q)
WW 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Eee Description
d. Recording each patent assignment per
:::029 (31)8 nggz(ﬂ 9 Claims in excess of 20 8021 40| 8021 40 property (times number of properties)
R 1809 770 | 2809 38 Filing a submission after final rejection
1201 86 2201 43 Independent claims in excess of 3 (37 CFR 1.129(a))
1203 290 2203 145 Multiple dependent claim, if not paid | 1810 770| 2810 38 For each additional invention to be
1204 86 2204 43 ** Reissue independent claims examined (37 CFR 1.129(b))
over original patent 1801 770 2801 38 Request for Continued Examination (RCE)
1205 18 2205 9 ** Reissue claims in excess of 20 1802 900] 1802 900 Request for expedited examination
and over original patent of a design application
<> Other fee (specify)
SUBTOTAL (2) “ N - - —
**or number previously paid, if greater; For Reissues, see above Reduced by Basic Filing Fee Paid SUBTOTAL (3) ($) | 20
SUBMITTED BY (Complete (if applicable))
. i Registration No. _ .
Name (Print/Type) 34 152 Telaphone 5N 3 - 46 6 ~ 24

Signature

o / Iﬁ’?‘ 2009
WARNII‘JG: Inforrpation on this form may become public. Credit card information should not

be included on this form. Provide credit card information and authorization on PTO-2038.
This collection of information is required by 37 CFR 1.17 and 1.27. 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.

ou sistance in completing the form, call 1-800-PTO-9199 and select option 2.
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D
Appl. No. 10/873,969

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

;’% & pplicant Sang-Yun Lee ;
e TRAD NEQ;%:/'Appl. No. : 10/873,969 ;  ArtUnit : Not Assigned
“~  Filed : 21 June 2004 ;  Examiner: Not Assigned

Title : Three-Dimensional Integrated  ;

Circuit Structure And Method Of ;

Making Same ;

Docket No. : BeSang.P001 ;

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

PETITION FOR
RETROACTIVE FOREIGN FILING LICENSE
UNDER 35 USC 184 and 37 CFR 5.25

Sir:
This is a petition for a retroactive foreign filing license under 35 USC 184 and 37
CFR 5.25.

Provided below are a Summary, a Short Statement of the Nature of the
Invention, a Statement of Facts Involved, and a Request for a Retroactive Foreign Filing
License. Additionally, a Declaration by the Applicant, Mr. Sang-Yun Lee, in support of
the Petition, is filed concurrently herewith.

07/20/2004 SZEWDIEL 00000081 10873369
01 FC:1460 130.00 0P
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Summary

Applicant filed two patent applications in the Republic of Korea without a foreign
filing license. Those patent applications covered inventions made in the United States.
The Korean patent filings, without the appropriate foreign filing licenses, were the result
of error without deceptive intent. The subject matter of the proscribed filings were not
under a secrecy order at the time of filing, and are not presently under a secrecy order.
This petition, and supporting Declaration, are being filed within two weeks of obtaining
the Application No. of the above-identified corresponding United States patent
application. Applicant requests a retroactive foreign filing license for US Application No.
10/873,969.

Short Statement of the Nature of the Invention

In accordance with the present invention, a plurality of vertically oriented
semiconductor devices may be added to a separately fabricated substrate that includes
electrical devices and/or interconnect. The plurality of vertically oriented semiconductor
devices are physically separated from each other, and therefore are not disposed within
the same semiconductor body, or semiconductor substrate. In one aspect of the
present invention, the plurality of vertically oriented semiconductor devices is added to
the separately fabricated substrate as a thin layer including several doped
semiconductor regions which, subsequent to attachment to the substrate, are etched to
produce individual doped stack structures. In other embodiments of the present
invention, the plurality of vertically oriented semiconductor devices may be fabricated
prior to attachment to the separately fabricated substrate.

Statement of Facts

Mr. Sang-Yun Lee is a native and citizen of the Republic of Korea, who presently
resides in the United States.

Applicant, Mr. Sang-Yun Lee, is the inventor of certain new and useful
semiconductor structures and processes as described in the above-identified
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application for United States patent. These semiconductor structure and process
inventions were made in the United States.

Mr. Lee, unaware of the requirements of 35 USC 184 regarding the prohibition of
filing a patent application in another country for an invention made in the United States,
prior to issuance of a foreign filing license or the expiry of six months from the date of
filing an application for patent in the United States, did engage a patent attorney in his
native country, the Republic of Korea, to prepare and file patent applications covering
Mr. Lee's semiconductor structure and process inventions.

Two patent applications were filed in the Republic of Korea covering the various

- portions of Mr. Lee's inventions. The first of these applications was filed in the Republic
of Korea on 24 June 2003, and this application was assigned the application number
10-2003-0040920 by the Korean Intellectual Property Office; and the second application
was filed in the Republic of Korea on 12 July 2003, and this application was assigned
the application number 10-2003-0047515 by the Korean Intellectual Property Office.
Together, these two Korean patent applications cover the subject matter disclosed in
Mr. Lee's above-identified application for United States patent.

On 24 May 2004, Mr. Lee engaged Raymond J. Werner (Reg. No. 34,752) to
represent him in patent cases before the United States Patent and Trademark Office,
and more particularly to file a United States patent application based on an earlier filed
South Korean patent application by its one year anniversary date (i.e., 24 June 2004).

On 01 June 2004, during a meeting between Mr. Lee and Mr. Werner, Applicant's
representative became aware that the earlier filed Korean patent applications were
based on invention made in the United States; and Applicant became aware that 35
USC 184 requires, for inventions made in the United States, that no foreign patent
application filing be made without a foreign filing license.

Subsequent to 01 June 2004, Applicant's representative worked to prepare the
above-identified application (40 pages of specification and 59 sheets of drawings) for
filing with the USPTO prior to the one-year anniversary date of the earlier filed Korean
application; consulted with personnel at the USPTO regarding procedures and content
for a Petition for a retroactive foreign filing license; filed the application on 21 June
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2004; and received, on 02 July 2004, a return postcard from the USPTO indicating the
Application No. as 10/873,969.

Action Requested

Applicant respectfully requests that a retroactive foreign filing license be granted
in this case.

Correspondence in connection with this Petition should be sent to the address of
record for this application, which is:

Raymond J. Werner
2092 NW Aloclek Drive
Suite 525

Hillsboro, OR 97124

If a telephone conversation with Applicant’s undersigned representative would in
any way facilitate the granting of this Petition, please call the undersigned at telephone

number 503.466.2294.
Respectfully submitted,
oy [l WL
Dated: 16 July 2004 F{aymony J. Werner
Hillsboro, Oregon Attorney for Applicant

Reg. No. 34,752
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Sang-Yun Lee

10/873,969

21 June 2004
Three-Dimensional Integrated
Circuit Structure And Method Of
Making Same

Art Unit : Not Assigned
Examiner: Not Assigned

Docket No. : BeSang.P001

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

DECLARATION OF APPLICANT
IN SUPPORT
OF
PETITION FOR
RETROACTIVE FOREIGN FILING LICENSE
UNDER 35 USC 184 and 37 CFR 5.25

In support of the Petition for Retroactive Foreign Filing License under 35 USC
184 and 37 CFR 5.25, filed concurrently herewith, Applicant makes the following
Declaration:

1) Applicant, Sang-Yun Lee, is citizen of the Republic of Korea (KR), and presently
resides in the United States of America;

2) Applicant has invented certain new and useful semiconductor structures and

processes;

3) Applicant's invention of the aforementioned semiconductor structures and
processes occurred in the United States of America;

4) Applicant caused a first application for patent to be prepared in the Korean
language, the first application disclosing and describing a first portion of the
aforementioned semiconductor structures and processes;

5) Applicant, through error and without deceptive intent (see paragraph 8), caused
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the first application to be filed in the Republic of Korea on 24 June 2003, and this
application was assigned the application number 10-2003-0040920 by the Korean
Intellectual Property Office;

6) Applicant caused a second application for patent to be prepared in the Korean
language, the second application disclosing and describing a second portion of the
aforementioned semiconductor structures and processes;

7) Applicant, through error and without deceptive intent (see paragraph 8), caused
the second application to be filed in the Republic of Korea on 12 July 2003, and this
application was assigned the application number 10-2003-0047515 by the Korean
Intellectual Property Office;

8) At the time of filing the first and second above-identified Korean patent
applications, Applicant was unaware of the requirements of 35 USC 184 regarding the
prohibition of filing a patent application in another country for an invention made in the
United States, prior to issuance of a foreign filing license or the expiry of six months
from the date of filing an application for patent in the United States;

9) Being unaware of the requirements of 35 USC 184, Applicant engaged an
individual in his native country, to file the two Korean patent applications identified in
paragraphs (5) and (7);

10)  Applicant states that no other patent applications, registrations for utility models,
registrations for industrial designs, or any other form of intellectual property protection,
covering any part of the aforementioned invention of semiconductor structures and
processes, were filed in any country or regional patent office outside of the United
States of America prior to the filing of the above-identified United States patent
application, and further states that an International Application under the Patent
Cooperation Treaty, claiming priority to the two Korean patent applications identified in
paragraphs (5) and (7), was filed on 23 June 2004 with the United States Receiving
Office (PCT/US 04/20122);

11)  Applicant states that the subject matter in question was not under a secrecy
order at the time it was filed abroad, and further states that it is not currently under a
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secrecy order;

12)  On 24 May 2004, Applicant signed an agreement engaging Raymond J. Werner

(Reg. No. 34,752) to represent him in patent cases before the United States Patent and
Trademark Office, and more particularly to file a United States patent application based

on an earlier filed South Korean patent application by its one year anniversary date (i.e.,
24 June 2004);

13)  On 01 June 2004, during a meeting between Mr. Lee and Mr. Werner, Applicant
was made aware that 35 USC 184 requires, for inventions made in the United States,
that no foreign patent application filing be made without a foreign filing license;

14)  Applicant's representative prepared the above-identified United States patent
application for filing with the USPTO prior to the one-year anniversary date of the
earliest of the two filed Korean applications; filed the United States patent application on
21 June 2004 (Application No. 10/873,969), and prepared the instant Petition for
Retroactive Foreign Filing License under 35 USC 184 and 37 CFR 5.25; and

15)  The preparation and filing of the above-identified United States patent
application, receipt of the Application No. (i.e., 10/873,969) from the USPTO, and the
preparation of the instant Petition for Retroactive Foreign Filing License under 35 USC
184 and 37 CFR 5.25 were completed in less than two months from the date on which
Applicant became aware of the requirement for obtaining a foreign filing license.

I, Sang-Yun Lee, hereby declare that all statements made herein of my own
knowledge are true and that statements made on information and belief are believed to
be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or both,
under 18 USC 1001 and that such willful false statements may jeopardize the validity of
the application or any patent issued thereon.

ByW"' ZL&

Dated: 16 July 2004 Sang-Yun Lee
Hillsboro, Oregon Applicant and Declarant
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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 displays a valid OMB control number.

no

ml Approved for use through 07/31/2006. OMB 0651-0032
<D

<O

UT'L'TY Attorey Docket No. E)e, sévnq - ?OO {
PATENT APPLICATION Firt Inventor Sang-Yun bee
Xt —- { y .
TRANSMITTAL it Three- Dimensonal -+
(Only for new nonprovisional applications under 37 CFR 1.53(b)) Express Mail Label No. E ﬂ % 2( 3 A %4‘ 660 US)
©
APPLICATION ELEMENTS ADDRESS TO: Commissioner for Patents E 3
See MPEP chapter 600 conceming utility patent application contents. xigi:,‘:fﬂ;“{;’g 22313-1450 o o
) \
1. Fee Transmittal Form (e.g., PTO/SB/17) 7.[_] CD-ROM or CD-R in duplicate, large table or [~
(Submit an original and a duplicate for fee processing) Computer Program (Appendix) (2] a
2.3 Applicant claims small entity status. 8. Nucleotide and/or Amino Acid Sequence Submission NP
— See :_47 CER 1.27. ,_' 9] (if applicable, all necessary) -
3. Specification [Total Pages ] a. Computer Readable Form (CRF) N
(preferred arrangement set forth below)
- Descriptive title of the invention . . _— R
- Cross Reference to Related Applications b. Specification Sequence Listing on:

- Statement Regarding Fed sponsored R& D
- Reference to sequence listing, a table,

or a computer program listing appendix  ° N
- Background of the Invention il D Paper
- Brief Surnmary of the Invention
- Brief Description of the Drawings (if filed)

3 cp-RoM or CO-R (2 copies): or

C. [:l Statements verifying identity of above copies

- Detailed Descriptio
“Claim(s) oo ACCOMPANYING APPLICATION PARTS
- Abstract of the Disclosure
. éo 9. C] Assignment Papers (cover sheet & document(s))
4. Drawing(s) (35 U.S.C. 113) [TotaiSheets _OY | | 10. [] 37 CFR 3.73(b) Statement [<] Power of
. (when there is an assignes) Attormey
5. Oath or Declaration  [TotalSheets_ 2 | 11.[]  English Translation Document (if applicable)
a. [X4 Newly executed (original or copy) 12.[] Information Disclosure Copies of IDS
. o Statement (IDS)/PTO-1449 Citations
b. [_] Copy from a prior application (37 CFR 1.63(d)) 13.CJ  Preliminary Amendment
(for continuation/divisional with Box 18 completed) 14. [2- Retum Receipt Postcard (MPEP 503)
. (Should be specifically itemized)
. D DELETION OF INVENTOR(S) 15. R Certified Copy of Priority Document(s)
Signed statement attached deleting inventor(s) (if foreign priority is claimed)
D o 1 canan, 56 37 GFR 16. [ Nonpublication Request under 35 U.S.C. 122
(b)'(2)(B)(§). Applicant must attach form PTO/SB/35
6. [] Application Data Sheet. See 37 CFR 1.76 7 O gﬂ'wt:r?qu'va'e"‘-

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite inforrnation below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

El Continuation D Divisional D Continuation-in-part (CIP) of prior application No.:

Prior application information: Examiner Art Unit:

For CONTINUATION OR DIVISIONAL APPS only' The entire disclosure of the prior application, from which an oath or declaration is supplied under Box
5b, is considered a part of the disclosure of the accompanying continuation or divisional application and is hereby Iincorporated by reference.

The incorporation can only be relied upon when a portion has been inadvertently omitted from the submitted application parts.

19. CORRESPONDENCE ADDRESS

Customer Number: OO0 O 453 or [J comespondence address below

———————
Name (Print/Type) | Raiiymonds N Werne | Registration No. (Attomey/Agent) | = 4. 152
—?

Name

Address

City State ] Zip Code
Country Telephone Fax

(S| | Wl

Date I'z_l a’u(\;gzocﬂ

This collection of information is refjuired by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to ﬁle (and by the
USPTO to process) an applicatiod. Confidentiality f5 govemed 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 individua! 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.

If you need assistance in complating the form, call 1-800-PT0-9199 and select option 2.
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Approved for use through 07/31/2006. OMB 0651-0032

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 displays a valid OMB control number.
Complete if Known

FEE TRANSMITTAL oo A
for FY 2004 Filing Date 21 JuNE £64Y
Effective 10/01/2003. Patent fees are subject to annual revision. First Named Inventor = \& _\I A l
E Examiner Name U/ ﬁ
Applicant claims small entity status. See 37 CFR 1.27 '
il Y Art Unit N/A
\_JOTAL AMOUNT OF PAYMENT __ | (8) DSBS — | Attomey DocketNo. | BeSoro. POO | J
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
IECheck [] credit car [:] Money - [™] Other |:] None | 3. ADDITIONAL FEES
Large Entity  Small Entity
D Deposit Account: Fee Fee |Fee Fee ioti
Eeposnt Code (3) |code ($) Fee Description Pai
Nobor 1051 130 [2051 65 Surcharge - late filing fee or oath
Deposit 1052 50 |2052 25 Surcharge - late provisional filing fee or
Am:gt cover sheet
The Director is authorized to: (check all that apply) 1053 130 11053 130 ::lon;ﬁ:glls:l specntﬁfcatlon " inat
DCharge fee(s) indicated below Credit any overpayments 1812 2,520 11812 2,520 Forf g‘a eque's .or ox parte r(.eexamma on
DCharge any additional fee(s) or any underpayment of fee(s) 1804  920°( 1804 920 Efg;?ﬁgp gc%%?:ncatmn of SIR prior to
[]Jcharge fee(s) indicated below, except for the filing fee 1805 1,840°*] 1805 1,840° Requesting publication of SIR after
to the above-identified deposit account. Examiner action
FEE CALCULATION 1251 110] 2251 55 3&5? I;or repl'y M::m first m:nth N
€Nnsion tor reply within second mon
1. BASIC FILING FEE 1252 420 ) 2252 210 ‘ y within se
ILarge Entity Small Entity 1253 950 | 22563 47  Extension for reply within third month
F%“ 5 Fee F? - Fee _ Fee Description Fee Paid | 1254 1,480 [ 2254 740 Extension for reply within fourth month
1001 770 [2001 385  Utilty filing fee S5 | 12 2010|2255 1,005 Extension for roply within fith month
1002 340 2002 170 Design filing fee 1401 330 | 2401 165 Notice of Appeal
1003 530 2003 265 Plant filing fee 1402 330 | 2402 165 Filing a brief in support of an appeal
1004 770 |2004 385 Reissue filing fee 1403 290 | 2403 145 Request for oral hearing
1005 160 |2005 80 Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding
SUBTOTAL (1) ($) 3g5 — 1452 110 | 2452 55 Petition to revive - unavoidable
1453 1, 30| 2453 66 Petition to revive - unintentional
2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE] 1551 ¢ 30| 2501 66 ity issue fes (or reissue)
Extra Clalms ﬂ Fee Paidl 1502 480 | 2502 240 Design issue fee
Total Claims [ __J 20" = 1503 640 | 2503 320 Plant issue fee
Independent . I_——I I_—_l r__—']
Claing: -3v= X 1460 130 | 1460 130 Petitions to the Commissioner
o
ultiple Dependent | 14 Il 1807 50| 1807 50 Processing fee under 37 CFR 1.17(q)
Large Entity |_Small Entity 1806 180 | 1806 180 Submission of Information Disclosure Stmt
:;%% F:e Eec; F:e Fee Description Recording each patent assignment per
12023 ( 1)8 :zgz( ) g Claims in excess of 20 8021 40) 8021 40 property (times number of properties)
o 1809 770| 2809 38 Filing a submission after final rejection
1201 86 2201 43 Independent claims in excess of 3 (37 CFR 1.129(a))
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THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE AND METHOD OF
MAKING SAME

Field of the Invention

The present invention relates generally to three dimensional integrated circuit
(IC) structures and manufacturing methods therefore, and more particularly relates to
combining a semiconductor substrate with a thin add-on semiconductor layer in

which various active and/or passive devices have been fabricated.

As shown in Fig. 1, a prior art 3-D |C might be termed a ‘Hybrid IC". A
conventional Hybrid [C implementation method typically includes; providing a first IC
which consists of a base semiconductor substrate 201 and a dielectric layer 202;
providing a second IC that also consists of a base semiconductor substrate 203 and
a dielectric layer 204; stacking and bonding these ICs, or individual chips; and
implementing a deep via 255 such as shown in US Patent 6,600,173 which
penetrates the semiconductor substrate, or providing micro bumps as shown in US
Patent 6,355,501.

Still referring to Fig. 1, it is noted that devices in the stacked semiconductor
substrate 203 are usually connected by interconnection lines in dielectric layer 204,
which is disposed above substrate 203. Similarly, interconnection lines in dielectric
layer 202, which is disposed below stacked substrate 203 are used to connect
devices in the base substrate 201. It can be seen that the devices in stacked
substrate 203 do not have bottom electrodes, but rather have contacts from the top
side.

Conventional implementations require wafer or chip alignment marks to be
bonded. The wafer alignment marks are different from the alignment marks used in
photo processing. Therefore, the ‘hybrid IC technology’ used in 3-D IC is considered
to be another type of Multi-Chip Package (MCP). The main purpose of the ‘hybrid IC
technology’ is to reduce interconnection lines used in package interconnections to
facilitate high speed device operation.

Still referring to Fig. 1, prior art 3-D IC implementations are typically
characterized as follows: each of the IC layers are implemented by separate
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processing; each IC is bonded and stacked to become a 3-D [C; each IC layer has a
semiconductor substrate (e.g., 201, 203) respectively holding devices (e.g., 211,
212). Also in general the devices share an electrically common substrate 241, 242 or
well 243. It is noted that aithough conventional implementations using SOl do not
have an electrically common substrate, such implementations do have a physically
common semiconductor substrate. Additionally, conventional implementations
stacked ICs have dielectric layers, interconnection lines, and vias only above the
devices in each stacked ICs. ‘

In another conventional approach, a single crystalline semiconductor layer is
formed by melting polycrystalline or amorphous semiconductor layer disposed on a
dielectric layer using, for example, a laser. Devices are then formed using the single
crystalline semiconductor layer, which was formed from the polycrystalline or
amorphous layer. In still another conventional approach, a single crystalline epitaxial
layer is grown on a dielectric layer where the dielectric layer has partially exposed
holes therethrough to an underlying single crystalline layer.

However, both the laser recrystallization and the epitaxial processes described
above are have drawbacks, such as requiring high temperature operations, which are
incompatible with the low temperature processing required for many semiconductor
devices; and further, single crystalline semiconductor layers formed in this way may
have many defects, and therefore these methods are not widely used.

Summary of the Invention

Briefly, a plurality of vertically oriented semiconductor devices may be added
to a separately fabricated substrate that includes electrical devices and or
interconnect. The plurality of vertically oriented semiconductor devices are physically
separated from each other, and therefore are not disposed within the same
semiconductor body, or semiconductor substrate.

In one aspect of the present invention, the plurality of vertically oriented
semiconductor devices is added to the separately fabricated substrate as a thin layer
including several doped semiconductor regions which, subsequent to attachment to
the substrate, are etched to produce individual doped stack structures. In other
embodiments of the present invention, the plurality of vertically oriented
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semiconductor devices may be fabricated prior to attachment to the separately
fabricated substrate.

In another aspect of the present invention, the doped stack structures may
form the basis of a wide variety of semiconductor devices, including, but not limited
to, diodes, capacitors, n-type MOSFETS, p-type MOSFETS, bipolar transistors, and
floating gate transistors.

In another aspect of the present invention, ferroelectric memory devices,
ferromagnetic memory devices, chalcogenide phase change devices, and similar
structures may be formed in a stackable add-on layer for use in conjunction with the
separately fabricated substrate

In still further aspects of the present invention, the stackable add-on layers
include at least one layer of electrical interconnect lines.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view of a stacked integrated circuit, referred to as a
three-dimensional integrated circuit, in accordance with the prior art.

Fig. 2 is a cross-sectional view of an embodiment the present invention that
includes a base semiconductor substrate. ‘

Fig. 3 is a cross-sectional view of an embodiment of the present invention
without a base semiconductor substrate.

Figs. 4a-4d illustrate a process flow which forms a 3-D IC structure using SOI
layer in accordance with the present invention.

Fig. 5a is a cross-sectional view of an embodiment of the present invention
wherein the bottom of SOI layer does not have directly connected electrodes.

Fig. 5b is a cross-sectional view of an embodiment of the present invention
that includes multiple stacked SOl layers.

Figs. 6a-6b are cross-sectional views of an embodiment of the present
invention which has horizontally oriented, rather than vertically oriented, devices
incorporated in the SOI layer.
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Figs. 7a-7c illustrate a process flow of in accordance with the present
invention that produces vertically oriented devices incorporated in the SOI layer with

those devices having directly connected bottom electrodes.

Fig. 8a is a cross-sectional view of an embodiment of the present invention
having a vertical device with a planar middle electrode.

Fig. 8b is a cross-sectional view of an embodiment of the present invention

having a vertical device with a spacer middle electrode.

Fig. 8c is a cross-sectional view of an embodiment of the present invention
having a vertical device with a spacer middle electrode extended to an adjacent
dummy vertical device.

Fig. 8d is a cross-sectional view of an embodiment of the present invention
having a vertical device with a middle electrode extended to the top of the vertical
device.

Fig. 8e is a top view of the structure shown in Fig. 8d.

Fig. 9a is a cross-sectional view of an embodiment of the present invention

having a vertical device with a planar etch stop layer for a top contact electrode.

Fig. 9b is a cross-sectional view of an embodiment of the present invention
having a vertical device with a spacer etch stop layer for a top contact electrode.

Fig. 10a is a cross-sectional view of an embodiment of the present invention

having a vertically oriented p-n junction diode.

Fig. 10b is a cross-sectional view of an embodiment of the present invention
having a vertically oriented Schottky diode.

Fig. 10c is a cross-sectional view of an embodiment of the present invention
having a vertically oriented Schottky diode with Schottky contact disposed at the

middle electrode.

Fig. 11a is a cross-sectional view of an embodiment of the present invention
having a vertically oriented capacitor formed by a depletion region.

Fig. 11b is a cross-sectional view of an embodiment of the present invention
having a vertically oriented capacitor formed by a dielectric layer between electrodes.
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Fig. 12 is a cross-sectional view of an embodiment of the present invention

having a vertically oriented bipolar transistor.

Fig. 13a is a top view of an embodiment of the present invention having a
vertical device structure forming a MOSFET with eight gates for multi-bit, or variable
gate width, operation.

Fig. 13b is a top view of an embodiment of the present invention having a
vertical device forming a MOSFET with four different size gates for multi-bit, or
variable gate width, operation.

Fig. 14 is a cross-sectional view of an embodiment of the present invention
having a vertically oriented inverter.

Figs. 15a-15b illustrate top and bottom layouts of an SRAM cell in

accordance with the present invention.

Fig. 16a is a cross-sectional view of an embodiment of the present invention
having a vertically oriented Thyristor as part of an SRAM cell.

Fig. 16b is a cross-sectional view of an embodiment of the present invention
having a both a Thyristor and a MOSFET vertically disposed and serially connected
in the SOI layer.

Fig. 17ais a cross-sectional view of an embodiment of the present invention
having a vertical DRAM cell with vertical connection of a depletion capacitor and a
MOSFET in the SOl layer.

Fig. 17b is a cross-sectional view of an embodiment of the present invention
having a vertical DRAM cell with vertical connection of a dielectric capacitor and a
MOSFET in the SOl layer.

Fig. 18a is a cross-sectional view of an embodiment of the present invention
having a vertical Non-Volatile Memory (NVM) cell that includes a floating gate and a
control gate in the SOI layer.

Fig. 18b is a cross-sectional view of an embodiment of the present invention
having a vertical NVM cell that includes a floating gate that partially covers the
channel region, and a control gate that covers the floating gate and the rest of the
channel region in the SOI layer.
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Fig. 18c is a cross-sectional view of an embodiment of the present invention
having a vertical NVM cell with a floating gate, a control gate, and a erase gate in a
SOl layer. '

Fig. 18d is a cross-sectional view of an embodiment of the present invention
having a vertical NVM cell with an Oxide-Nitride-Oxide (ONO) gate in the SOl layer.

Fig. 18e is a cross-sectional view of an embodiment of the present invention
which has a vertical NVM cell with a floating gate, a control gate, and a bulk contact,
all disposed in the SOI layer.

Fig. 18f is top view of the structure of Fig. 18a with eight gates in the SOI

layer.

Figs. 19a-19b illustrate layouts of SOI layers that have multiple blocks
containing different types of devices.

Fig. 20a is a cross-sectional view of an embodiment of the present invention

having a vertical NVM cell that includes a MOSFET serially connected to a capacitor,
which uses ferroelectric material, both disposed in the SOI.

Fig. 20b illustrates an exemplary memory circuit formed with devices
illustrated in Fig. 20a.

Fig. 20c illustrates another exemplary memory circuit formed with devices
illustrated in Fig. 20a.

Fig. 21a is a cross-sectional view of an embodiment of the present invention
having a vertical NVM cell that includes the structure illustrated in Fig. 20a.

Fig. 21b illustrates an exemplary memory circuit formed from structures ’
shown in Fig. 21a.

Fig. 22a is a cross-sectional view of an embodiment of the present invention
that includes a vertical NVM cell with a MOSFET in the SOI layer and uses a
ferroelectric material between the gate and gate dielectric layers.

Fig. 22b is a cross-sectional view of an embodiment of the present invention
that includes a vertical NVM cell with a MOSFET in the SOI layer and uses a
ferroelectric material between the floating gate and the control gate.
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Fig. 23a is a cross-sectional view of an embodiment of the present invention
that includes a vertically oriented NVM cell having a MOSFET in the SOI layer
serially connected to a ferromagnetic material at the bottom of the MOSFET.

Fig. 23b is a cross-sectional view of an embodiment of the present invention
that includes a vertically oriented NVM cell having a MOSFET in the SOl layer
serially connected to a ferromagnetic material at the top of the MOSFET.

Fig. 24 is a cross-sectional view of an embodiment of the present invention
that includes a vertically oriented NVM cell having a MOSFET disposed in the SOI
layer that is serially connected to a resistor formed from a chalcogenide material.

Fig. 25 is a cross-sectional view of an embodiment of the present invention
that includes a vertically oriented NVM cell having a MOSFET disposed in the SOI
layer that is serially connected a structure that depending on the material used may

function either as a fuse or an antifuse.

Fig. 26 is a cross-sectional view of an embodiment of the present invention
that includes a vertical volatile memory cell having a MOSFET in the SOl layer
without body contact.

Fig. 27a is a cross-sectional view of an embodiment of the present invention
that includes a vertically oriented NVM cell having a MOSFET connected in series

with a floating gate transistor such as the one shown in Fig. 18a.

Fig. 27b is a schematic diagram of an equivalent circuit for the structure
shown in Fig. 27a.

Fig. 28 is a cross-sectional view of an embodiment of the present invention
that includes a high voltage MOSFET disposed in the SOI layer.

Fig. 29 is a cross-sectional view of an embodiment of the present invention
that includes a high voltage MOSFET disposed in the SOI layer, the high voltage
MOSFET having a low doped channel region.

Detailed Description

A 3-D IC in accordance with the present invention is shown in Fig. 2.
Embodiments of the present invention provide a device integration technology.
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Reference herein to “one embodiment”, “an embodiment”, or similar
formulations, means that a particular feature, structure, operation, or characteristic
described in connection with the embodiment, is included in at least one embodiment
of the present invention. Thus, the appearances of such phrases or formulations
herein are not necessarily all referring to the same embodiment. Furthermore,
various particular features, structures, operations, or characteristics may be
combined in any suitable manner in one or more embodiments.

Terminolo

"ASIC" refers to Application Specific Integrated Circuit. "SoC" refers to a
System on a Chip, with "SoCs" being the plural of SoC. A SoC may be an ASIC but
is not required to be. An ASIC may be a SoC but is not required to be.

The expression "back bias", as used herein, refers to a voltage applied to the
substrate, or body, of a field effect transistor (FET). Back bias is alternatively

referred to as substrate bias, or reverse bias.

The expression “conductivity type” is well known in the semiconductor
manufacturing field. Conductivity types are generally referred to as n-type and p-
type. Semiconductor regions that are doped with donor type impurities form n-type
regions. Semiconductor regions that are doped with acceptor type impurities form p-

type regions.

The terms chip, semiconductor device, integrated circuit, LSI device,
monolithic integrated circuit, ASIC, SoC, microelectronic device, and similar
expressions are sometimes used interchangeably in this field. Microelectronic dévice
may be considered to be the broadest term, encompassing the others. With respect
to these microelectronic devices, signals are typically coupled between them and
other circuit elements via physical, electrically conductive connections. The point of
connection is sometimes referred to as an input, output, terminal, line, pin, pad, port,

interface, or similar variants and combinations.

The term "device", as used herein, refers to one or more circuit elements that
have characteristics that are voltage variant. "Device" includes, but is not limited to,
FETs (n-channel and p-channel), diodes, and varactors.
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The expression “vertically oriented device” refers to devices having an
orientation with respect to a base substrate such that current through those devices
is substantially perpendicular to the base substrate.

FET as used herein, refers to metal-oxide-semiconductor field effect
transistors (MOSFETs). These transistors are also known as insulated gate field
effect transistors (IGFETs). FETs are generally described as three terminal devices
having a gate, a source and a drain. Although FETs may be further described as
four terminal devices when the body of the FET is considered. '

Source and drain terminals refer to the terminals of a FET, between which
conduction occurs under the influence of an electric field, subsequent to the inversion
of the semiconductor surface under the influence of an electric field resulting from a
voltage applied to the gate terminal.

The acronym "SOI" generally refers to Silicon-on-insulator. As wili be
appreciated by those skilled in this field, SOl layers can be formed in a variety of
ways. Unless otherwise noted, "SOI layer" is used herein to refer to a relatively thin,
single crystal portion of a semiconductor wafer that can be cleaved and bonded to
another previously fabricated wafer, or similar type of substrate, such that a three
dimensional stack is formed from the SOI layer and the previously fabricated wafer or
similar type of substrate. In this context, the SOI layer may be thought of as an
attachment layer, or stackable add-on structure, that itself contains at least devices
and/or interconnections, and which is suitable for bonding to a semiconductor
substrate already containing devices and/or interconnections. As a stackable add-on
layer, the single-crystal layer may have been doped so as to have one or more
doped regions vertically adjacent each other. For purposes of this disclosure, doped
regions may include intrinsic regions as well as p-type and n-type regions. Individual
semiconductor structures may be formed by etching through portions of the doped
stack to electrically isolate those structures. The spaces between such individual
structures may be filled dielectric material so as to re-form a layer without gaps or
voids therein, and thereby provide for mechanical stability, and support for additional
stacked Iéyers.

The expression "3-D IC", as used herein, refers to a three-dimensional
integrated circuit that includes a semiconductor substrate having devices and/or
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interconnect structures fabricated thereon, and least one SOl layer, also having
devices and/or interconnect, where the semiconductor substrate and the SOI layer
are stacked and bonded to each other.

The disclosures of US Patent 6,600,173, US Patent 5, 563, 084, and US
Patent 6,355,501, show the formation of 3-D ICs as a packing technology that
includes stacking individually working ICs. However, embodiments of the present
invention do not use individually working ICs, but rather, as shown in Fig. 2, provide
device integration technology using bonded SOI technology and a thin single
crystalline semiconductor layer 124 without device formation before layer transfer.
Because single crystalline semiconductor layer 124 is formed by SOI technology, it is
referred to herein simply as an SOI.

The meaning of thin film including semiconductor layer 104 in Fig. 3 is thin film
single crystalline semiconductor layer including diffusion layer such as p-type, n-type,
or i(intrinsic)-type, and physically distinguishable layers, such as dielectric layer or
metal layer. Also the meaning of ‘non-multiple-device formed' semiconductor layer
124 of Fig. 4b is that SOI thin layer 124 does not have isolation structures, metal
pétterns, interconnection used for multiple devices, nor separated impurity regions
used for individual devices.

As shown in Fig. 2, devices 111, 112, 113 in accordance with the present
invention are separated by isolation 135 and have floating structures in the filled
dielectric materials 133. As used herein, devices 111, 112, 113 are referred to as
floating devices (FLD). Such floating devices may alternatively be referred to as -
doped stack structures, or vertically oriented semiconductor devices.

Embodiments of the present invention are different from a conventional
bonded IC layer that has a shared well 142 or substrate 143, where an electrically
common region is located. Additionally, embodiments of the present invention do not
have the physically supporting layer which can be found in a conventional SOI IC
substrate where all devices in one IC layer are supported by a substrate under a
bottom oxide. In an illustrative embodiment of the present invention, a second IC
layer that includes FLD 112, 113 is called FLD IC layer 102, and a first IC layer that
includes FLD 113 is called FLD IC layer 101. Inter-layer dielectric (ILD) layers

10
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disposed above and below FLD IC layer 101 has interconnection lines 132 and vias,
or contacts, 131. Interconnection lines 132 and vias 131 connect FLDs directly or
indirectly within an FLD IC layer, or connect devices from a FLD IC layer to another
FLD IC layer or to a base substrate 103.

As shown in Fig. 2, the substrate bonded to lower dielectric layer 151 is called
base substrate 103, the first FLD IC layer above base substrate 103 is called first
FLD layer 101, and the next FLD IC layer is called second FLD IC layer 102.

Fig. 2 shows multiple FLD IC layers 101,102 and one base semiconductor
substrate 103. Dashed line 134 denotes a border, or interface, of two ILD layers.
First ILD layer 151 has interconnection lines and vias, and base semiconductor
substrate 103 shares these interconnections and vias with first FLD IC layer 101.
Some vias may directly connect to second FLD IC layer 102 from first ILD layer 151.
Also interconnection lines and vias in second ILD layer 152 are shared by first and
second FLD IC layers 101, 102. This sharing scheme of interconnection lines and
vias is an advantage of embodiments of the present invention.

Still referring to Fig. 2, the formation of electrodes to floating devices 111, 112,
113 is by direct connection to the top and bottom of each floating device 111, 112,
113. Also, in various embodiments of the present invention, floating devices may be
constructed that have vertically separated single or more intermediate electrodes
123. These electrodes could be connected to interconnection lines within the ILD
layers disposed on the top and/or bottom of the FLD layer.

In Fig. 2, if a logic IC is implemented in base semiconductor substrate 103,
memory devices are implemented in first FLD IC layer 101, and image sensors are in
second FLD IC layer 102, then one semiconductor substrate could integrate different
types of individually optimized devices without using a difficult and expensive SoC
structure or semiconductor processing.

Fig. 3 shows a 3-D IC structure having FLD IC layer without an attached base
substrate. In one method of obtaining the structure of Fig. 3, first, ILD layer 153 is
placed on the top of base substrate, and then SOI layer 124 is formed on the ILD
layer 153, and then devices are implemented using SOI layer 124, and then another
ILD layer 154 including interconnection lines 132 and vias 131 is placed on top of the
single crystalline semiconductor devices 104, and then the base substrate is
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detached from ILD layer 153. The base substrate (not shown) could be a flat
substrate with even surface, such as plastic, ceramic, glass, metal, or semiconductor
materials. The base substrate should be able to withstand processing temperatures
in the range of 250 °C~650 °C, which range is considered to be a "non-high
temperature semiconductor processing temperature”.

Still referring to the Fig. 3, embodiments of the present invention may have
pads which are connected to a package (not shown) disposed at the bottom of first
ILD layer 153 and/or at the top of second ILD layer 154. Bottom bads 146 could be
connected to a package using, for example, solder. Top pads 145 could be
connected to a package using, for example, wires. Such pad structures in

accordance with the present invention reduce die area and the density of a package.

Various embodiments of the present invention do not require a physically
supporting substrate for floating devices. Also, without a base substrate, various
embodiments could exist along with interconnection lines, vias, and FLDs only.

Various embodiments of the present invention provide floating devices that are
separated by dielectric isolation regions. These electrically separated structures do
not have the parasitic devices which are typically found in prior art approaches.

Various embodiments of the present invention provide floating devices that
may be connected directly or indirectly.

In various embodiments of the present invention, combining the SOI layer with
a semiconductor substrate does require the same type of wafer alignment structures
as are used in photolithographic processes, rather, the wafer alignment structure
may be implemented as a wafer alignment mark, or as a bump-type alignment
structure. Alternatively, without a wafer alignment structure, the SOI layer could be
transferred along with a simple notch alignment because the transferred SOI layer
does not have structures for multiple devices, such as isolation structure or
interconnection lines, which are horizontally divided. The transferred SOl layer has
only vertically divided several layers.

Various embodiments of the present invention provide for interconnection of
floating device both above and below the FLD.

Conventional technology typically uses horizontally oriented MOSFETSs. In the
case of conventional vertical MOSFETS, implementation of contacts and
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interconnection is difficult, and processes are incompatible between vertical and
horizontal MOSFETs. However, embodiments of the present invention can easily
implement vertical deviées, including MOSFETS, and compared to conventional
approaches, it is easy to implement interconnections and contacts with low contact
resistance.

In order to implement logic devices in a conventional manner, individual
devices need to be connected. However, in some embodiments of the present
invention, FLD logic can be formed using vertically connected individual devices
without interconnection lines because embodiments of the present invention include
a form of SOI device, and a well is not needed.

In various embodiments of the present invention, a FLD can have directly
contacted metal electrodes at top, bottom, and intermediate regions. The area of
metal electrodes can be the same as the top and bottom size of single crystalline
semiconductor of FLD, which is formed by isolation etching. Therefore, voltage drop
of the device could be reduced.

Figs. 4a-d explain a process flow for making a 3-D IC such as the one shown
in Fig. 3. In Fig. 4a, after formation of a mask alignment mark (not shown) on
substrate 180, single or multiple ILD layers 133 are formed in dielectric layer 153,
and interconnection lines 132 and vias 131 which are conducting materials are
formed. At here, borderline of each ILD layer 133, which comprise dielectric layer
153, are shown as dashed lines 134. Base substrate 180 should withstand
semiconductor processing temperatures in the range of 250 °C~650 °C. The
conductors are formed of low electrical resistance material which conducts ‘
voltage/current and could be metals such as aluminum and copper, refractory metal,
silicide, or low resistance polycrystalline/amorphous semiconductor materials with
heavy doping. Once vias 131 connected to FLD directly or indirectly are formed in
dielectric layer 153, metal layer which is to be used as bottom electrode 121 of FLD
is deposited and, if necessary, another metal layer which is an intermediate bonding
layer 120 could be implemented. The metal used for intermediate bonding layer 120
typically has a lower meting point than the metal layer on dielectric layer 153. Metal
120 is required to have desirable reflow properties at low temperature for surface
planarization in order to prevent voids due to surface microroughness at SOI
substrate 190 bonding process. If interconnection lines 132 in dielectric layer 153
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are aluminum, the metal of intermediate bonding layer 120 needs to have melting
point in the range of 250 °C~650 °C, which is below the melting point of aluminum,
660 °C. Here is the list 'and melting points of metals which could be intermediate
bonding layer; aluminum alloy 204 °C~674 °C, zinc 420 °C, zinc alloy 377 °C-484 °C,
lead 328 °C, thallium 304 °C, tellurium 445 °C, solder 268 °C-579 °C, and tin alloy
223°C-422°C).

Fig. 4b shows an SOl substrate 190. To implement FLD, doped layers are
formed in single crystal semiconductor layer 124, where the dopéd layers may be
formed by any suitable method including, but not limited to, ion implantation, or
impurity mixing during epitaxial layer growth for single crystalline semiconductor layer
124 formation. Metal layer 121 is formed on single crystalline semiconductor layer
124, and intermediate bonding layer 120 is formed on metal layer 121. In typical
embodiments of the present invention, metal layer 121 and bonding layer 120 are
formed as blanket layers that are formed over the whole surface. SOl substrate 190
is a single crystal semiconductor substrate, and a material for FLD single crystal
semiconductor layer 124. SOI substrate 190 could be single source semiconductors,
such as silicon and germanium, or compound semiconductors, such as SiGe, GaAs,
GaP, and InP. Also SOI substrate 190 could be combination of single source
semiconductors and compound semiconductors. Before bonding, it is better for the
SOl substrate to have an intermediate bonding layer which has high reflow rate with

a low temperature melting point in order to remove surface roughness.

SOl substrate 190 may have a detach layer 191, which may be a porous or
strained layer at a certain desired depth using, for example, SmartCut (US Patent
5,882,987), ELTRAN (US Patent 5,371,037), or SiGen technologies. Detach Iayér
191 is a defective region in the semiconductor lattice and, after bonding with
dielectric layer 1563, SOl substrate 190 will be removed except for single crystal layer
124 which forms the FLD.

Fig. 4c is a cross sectional view of the bonding of dielectric layer 153 of Fig.
4a and SOl substrate of Fig. 4b. SOI substrate 190 shown in Fig. 4b is upside-down
and bonded on dielectric layer 153 in Fig. 4a. During the bonding process, pressure
is applied with heat treatment in order to increase bonding strength and remove voids
between bonding interfaces. Alternatively, eutectic bonding with gold, or
thermocompression bonding with a soft metal thin film could be used as the
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intermediate layer bonding process. Metal layer 121 including intermediate bonding
layer 120 used in bonding process may be used as the bottom electrode of the FLD.

Referring to Fig. 4d, SOI substrate 190 has been detached after leaving SOI
layer 124, where FLD is implemented, on dielectric layer 153, and then isolation
structures 135 are implemented over all or part of the FLD layer. SOl substrate 190
is detached using detach layer 191 and a wafer jet may be used for SOl substrate
detachment. Without detach layer 191, using a Bond and Etch-Back method (US
Patent 5,013,681), leaving SOI layer 124, where the floating devices are
implemented. This SOI layer 124 may also be referred to as a stackable add-on
layer. SOI substrate 190 can be removed by etching or polishing. Also, using a
handling substrate, SOI substrate 190 is bonded with the handling substrate, SOI
substrate 190 is detached from the handling substrate and leaving SOI layer 124,
and then the SOl layer could be transferred to dielectric layer from the handling
substrate. The handling substrate could be the same kind of substrate used for the
base substrate. Also, the handling substrate may use vacuum to hold the single
crystalline semiconductor layer temporarily from the SOI substrate, and then
transferring the SOI layer to dielectric layer could be easily done by releasing
vacuum. The vacuum surface better has thick dielectric layer which protects SOI
layer. The role of the handling substrate is to transfer an SOl layer from the SOI
substrate to the dielectric layer without damage. Also, as explained in US Patent
6,355,501, the SOI substrate and the handling substrate could be bonded using
polyamide. Once the SOI substrate has been detached, Chemical-Mechanical
Polishing (CMP) could be used to reduce surface roughness of the transferred SOI

layer.

Once single crystalline semiconductor layer (i.e., SOl layer) has been
transferred, isolation is implemented to make individual floating devices. For
isolation formation, trench technology is used. Also at this time, SOI layer on top of
scribeline is to be removed because this will facilitate subsequent die saw operations.
Bottom electrode 121 of FLD is automatically implemented during the trench isolation
process. A method of forming bottom electrode 121 is explained below in
conjunction with Figs. 7a-7c. Once the SOI layer has been transferred, a mask
alignment mark is exposed on base substrate 180 by removing SOI layer over the
mask alignment mark, and then, using the exposed mask alignment mark, the FLD
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pattern on mask and via 131 pattern on dielectric layer can be aligned. Vertical FLD,
where current flows in a vertical direction, may have intermediate electrode.
Interconnection lines aﬁd contacts which connect with top electrode and
interconnection lines which may be formed by conventional semiconductor process
methods.

Using the method set forth above, multiple FLDs can be stacked and,
therefore, IC density can be increased. Various embodiments of the invention,
therefore, do not need wafer or chip alignment marks, or micro bﬁmps for wafer
alignment when bonding SOI substrate having single crystalline semiconductor layer
and dielectric layer having interconnection lines and vias. Various embodiments of
the invention can be implemented by mask alignment mark used in conventional
photo process. The isolation structure is to be filled by dielectric material and
intermediate electrode materials. Formation method of the dielectric and
intermediate electrode in the isolation structure is explained in Figs. 8a-8d. After the
process of Figs. 4a - 4d, according to conventional semiconductor process, ILD,
interconnection lines, and vias are implemented and the base substrate is detached,
then it becomes the structure shown in Fig. 3.

In Fig. 4, n+ layer on the top of SOI substrate 190 is directly connected to
metal layer 121. However, as can be seen in Fig. 5a, another dielectric 189 could be
formed in between the top of SOI substrate 190 and metal layer 121, and then
transferred to dielectric layer 153. In this case, bottom electrode 121 could be used
for a gate electrode having gate dielectric 189. Or, another bottom electrode 121¢
could be used to connect the bottom electrode of the FLD.

An FLD IC layer could have one or more SOl layers. The FLD IC layer shown
in Figs. 3 and 5 have a single SOl layer. Fig. 5b shows multiple SOl layers 124, 128
consisting one FLD IC layer 105. FLD IC layer 105 shows the structure before
formation of FLD. As shown in Fig. 5b, there are no vias in between SOl layer 124
and SOl layer 128. If vias exist between multiple SOI layers, as shown in Fig. 2, one
FLD IC layer 101 and the other FLD IC layer 102 are separated and distinguishable.
Multiple SOI layers are implemented by adding another SOI layer 128 on already
transferred SOI layer 124 sequentially. Multiple SOI layers 124, 128 shown in Fig. 5b
have dielectric layer 138 which electrically separates the multiple SOl layers 124,
128. Therefore, multiple SOI layers 124, 128 could have different types of devices
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which are electrically separated at each SOl layer. For example, one SOl layer could
have p-type MOSFET, and the other SOl layer may become memory devices.

FLD could be conventional semiconductor devices. MOSFETSs, bipolar
transistors, diodes, capacitors, and resistors, images sensors (e.g., Charge-Coupled
Devices (CCD) or Active Pixel Sensor (APS)), or MicroElectroMechanical System
(MEMS). FLD could be a form of circular pillar (see Fig. 13a), rectangular pillar (see
Fig. 13b), or multi-angle pillar, or cylindrical pillar. If the width of FLD is getting
narrow, aspect ratio of the pillar structure increases and could tobple or be detached
from the bonded dielectric layer. To prevent these phenomenon, FLD could be a

trapezoidal format with narrow top width and wide bottom width.

FLDs can be divided into High Temperature (HT) and Low Temperature (LT)
devices depending on the temperature used in the manufacturing processing.
Similarly, depending on the direction of device operation, FLDs can be divided into
Vertical (V) and Horizontal (H) devices, where V' and ‘H’ mean the ‘Vertical’ and
‘Horizontal’ directions of major device current flow.

FLD process temperature could be divided into high temperature which is
above 800 °C and low temperature which is below 650 °C. In this disclosure, we call
the devices produced with a high temperature process HT-FLD, and call the devices
produced with a low temperature process LT-FLD, or simply FLD, because a benefit
in accordance with the present invention is the implementation of a 3-D IC at low
process temperatures. HT-FLD can be treated at high temperature for thermal
activation of implanted ions and could be vertical or horizontal devices. To
implement HT-FLD, the interconnection lines 132 and vias 131 in dielectric layer 153
shown in Fig. 4 should be copper or refractory metals, such as tantalum, o
molybdenum, or tungsten. Also the base substrate used in HT-FLD should withstand
at more than 800 °C.

LT-FLD or FLD do not need ion implantation, heat treatment, and photo
process for ion implantation because the impurity layer required for device operation
has been formed in SOI substrate before the transfer to dielectric layer. If high
temperature is required during the FLD process, characteristics of the devices
existing on other layer could be altered. Device process control along early
prediction of the alteration is very difficult. Therefore, embodiments of the invention
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could be implemented on top of base semiconductor substrate having devices
without process change. An advantage of the present invention is that a low cost
process is obtained beéause ion implantation and photo process are not required.
Also, because various embodiments of the invention do not require a high
temperature process, refractory metal, aluminum, and aluminum which has low
melting point and is widely used in semiconductor could be used. Also LT-FLD could
use metal gate and high-l{ dielectric materials more easily than conventional
manufacturing processes. '

A typical form of LT-FLD is VFLD (Vertical FLD) because vertical impurity
junctions are formed in SOI substrate aiready and it is easy to implement a bottom
electrode. However, at low temperature, HFLD (Horizontal FLD) can be
implemented without ion implantation. HFLD could be a form of MESFET, MOSFET,
diode, or horizontal bipolar transistor. As shown in Fig. 6a, once part of SOl layer
has been etched using PR (Photoresist) or hard mask 171, then Fig. 6 is formed.
Fig. 6b shows MESFET-type HFLD with metal gate forming Schottky diode. Or
bottom electrode 121 could be used as a gate electrode. Fig. 6b is a FLD 113 in Fig.
2. If gate 172 has dielectric layer underneath it, the FLD becomes a MOSFET. if
gate 172 in Fig. 6b has an ohmic contact and the n-type region is switched to p-type
region, then it becomes a horizontal bipolar transistor. From the horizontal bipolar
transistor, if the n+ region is anode and p-type region is cathode, then it becomes a
horizontal diode. Also without gate, the FLD could be a resistor using only the n-type

region.

VFLD (or LT-VFLD) could be a form of MESFET, MOSFET, diode, capacitor,
resistor, bipolar, thyristor, or, instead of single device, could be a form of vertical I
connections of different types of FLD devices to implement circuitry. Combining
optimized horizontal devices in the base semiconductor substrate and optimized
VFLD, SoC could be optimized in performance and in price.

Unlike vertical device 212 at prior art shown in Fig. 1, it is easy to implement
electrodes, contacts, and formation and connection of interconnection lines in VFLD.
In this disclosure, ‘electrode’ means electrical part which is directly connected to
devices or a gate with gate dialectic material. ‘Contact’ means connection part
between electrode and interconnection line, which is usually a form of vertical shape.
The vertical devices in US Patent 5,414,288, US Patent 6,027,975, US Patent
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6,337,247, and US Patent 6,449,186 should have horizontally extended doping
region which is used for source/drain and providing space for contact formation.
Therefore, in prior arts, the extended source/drain region increases resistance and
parasitic capacitors. As shown in Fig. 2, the electrodes are formed at top 122 and
bottom 121 of FLD 111. In case of VFLD, intermediate electrode 123 could be
connected to interconnection lines at the top or bottom of the FLD. Further, the
intermediate electrode could be used for local interconnection. This very flexible
interconnection scheme for a 3-D IC is not possible in conventional approaches to
forming 3-D ICs.

The bottom of FLD is connected to metal layer 121 which is also directly
connected to vias 131 in the ILD layer 151. Therefore, bottom of FLD already has
pre-formed electrode and contact. To connect bottom electrode 121 of FLD 111 and
via 131 in the dielectric layer 151, they need to be aligned. The alignment scheme
used in this technology is to be done by conventional photo alignment mark (not
shown). However, the photo process has misalignment margin and bottom electrode
121 and via 131 should be aligned within the alignment margin. In general, in order
to connect interconnection lines at different level of ILD layers through via 131, as
shown in Fig. 2, the width of interconnection lines are needed to be wider than the
size of via 131. Photo process with photo mask and etch process are needed for
formation of interconnection lines 132 and vias 131.

Referring to Figs. 7a and 7b, the formation of bottom electrode 121 used for
alignment between bottom portion 124z of FLD and via 131 uses a self-aligning
technology and therefore does not require a photo mask type of process. Part of the
metal layer used in the SOI substrate bonding process is to be extension of bottom
part of FLD and other part of the metal layer becomes a bottom electrode 121. As
shown in Fig. 7a, using etching mask 173, the portion of layers 122 and 124
indicated by the dashed lines is etched away. Fig. 7b shows spacer type etching
mask which enables bottom electrode 121 to be wider than via 131. The width of
bottom electrode 121 can be, for example, more than twice the FLD height if the
etching mask is deposited taller than FLD and etched by, for example, a dry etching
process. The width of bottom electrode 121 can be controlled by the thickness of a
hard mask, the FLD height, the FLD width, and the etching amount of spacer 182. If
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the width of the FLD is bigger than a photo process margin, then wider bottom
electrode 121 is not required.

Referring to Figs. 8a-8d, an intermediate electrode in accordance with the
present invention can be implemented as follows. First, there is a planar
intermediate electrode, or planar electrode, method. After electrode material
deposition and a CMP operation for planarization, dry etching is performed to provide
a planar electrode 123 shown in Fig. 8a. Patterning of planar electrode 123 can be
done before or after the dry etching process. The deposited electrode material is
usually thicker than the height of VFLD. Also, at this point in the process, an etch
stop layer 122 may be needed on top of the FLD to prevent damage on SOI layer
124. Etch stop 122 is typically a combination of multiple oxide, nitride, or metal
layers. In Fig. 8a, a dielectric material 133a is deposited, planarized, and dry etched
in @ manner similar to the formation of planar electrode 123. Dielectric material 133a
reduces parasitic capacitance between bottom electrode 121 and planar electrode
123.

Second is the method using spacer 123 as shown in Fig. 8b. If the width of
spacer intermediate electrode or spacer electrode is wide, it is easy to obtain
electrical contact with the spacer electrode. However, it is difficult to achieve high
density. If the width is narrow, it is difficult to obtain electrical contact with the spacer
electrode. The spacer method doest not require photo or CMP processes.

Third method is spacer method using a dummy FLD (i.e., an FLD which does
not work as a device). As shown in Fig. 8¢, a dummy FLD 124a is located close to
FLD and increases the width of the spacer used for intermediate electrode 123.
Because contact 123a connected to intermediate electrode 123 could be located on
the top of dummy FLD 124a, the margin for contact formation increases. As shown
in Fig. 8c, the spacing between the FLD and dummy FLD 124a should be smaller
than two times the spacer film thickness.

The fourth method is, as shown in Fig. 8d, thin spacer method which extends
intermediate electrode 123 to the top of FLD. After deposition of the intermediate
electrode material, covering the area of contact formation on intermediate and
etching the rest of the area, we get the structure of Fig. 8d. This method is good for
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thin spacer thickness. To reduce parasitic capacitance between top and intermediate
electrodes, a thick dielectric layer may be used on the top electrode.

Intermediate electrode may surround the entire or part of intermediate region
of the VFLD. Also, multiple intermediate electrodes could be formed at one FLD.

After the SOI layer has been transferred from SOI substrate, electrode
material 122 has been deposited on the SOl layer and FLD has been patterned, then
top electrode could be implemented as shown in Fig. 7a. If the size of contact 122a
is smaller than the size of top electrode 122, then conventional semiconductor
photo/etch technologies can be used as shown in Fig. 8d. However, if the FLD width
is less than the misalignment margin of the photo process for formation of contact
122a, or the size of contact 122a is greater than the area of FLD, then photo/etch
processing for contact 122a may cause a short circuit to the intermediate electrode.
Therefore, this disclosure describes several structures in accordance with the
present invention that increase process error margin for photo/etch during the
formation of contact 122a. First thing is to increase thickness of top electrode
formation material in order to provide etching process margin. Second is to use etch
stop layer 184 with planar technology as shown in Fig. 9a. Third is to use etch stop
layer 184 with spacer technology as shown in Fig. 9b, where the etch stop layer 184
has slow etching rate compared to the dielectric layer 133¢ during the contact 122a
formation. For example, if dielectric layer 133c¢ is oxide film, then etch stop layer 184
could be nitride.

In this disclosure, we annotate VFLD, which is implemented at low
temperature and has vertical operation, as follows: MOSFET VMFLD, MESFET
VMEFLD, diode VDFLD, resistor VRFLD, capacitor VCFLD, bipolar VBFLD, and
Thyristor VTFLD.

VDFLD could be implemented as vertical p-n or p-i-n junction diodes as
shown in Fig. 10a. Also, Fig. 10b shows vertical Schottky diode, which has Schottky
junction between top electrode 122 and SOI 124. Or, as shown in Fig. 10c, metal
intermediate electrode 123 could be used for 3-D Schottky diode. The VDFLD
shown in Fig. 10c has twice the current driving capability compared to the one in Fig.
10b, because current follows from anode at intermediate electrode 123 to cathodes
at top and bottom electrodes.
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There are two types of VCFLDs. One is MOS capacitor type or depletion
capacitor, which uses a depletion region formed in the single crystalline
semiconductor; and the other one, or dielectric capacitor, stores charge at dielectric
interface without a depletion region. If the doping concentration of the semiconductor
is low, then, depletion exists in semiconductor region. If doping concentration is high,
then, it becomes dielectric capacitor, VCFLD without depletion. VCFLDs are shown
in Figs. 11a and 11b. In Fig. 11a, there are gate dielectric which surrounds n-type
single crystalline semiconductor and an electrode which connects the n-type
semiconductor. Because, in general, the total capacitance is proportional to the
electrode area, the surrounding gate 123b increases total capacitance of VCFLD.
Without the gate dielectric layer, the metal gate forming the Schottky diode could be
used as a capacitor with reverse bias.

If the semiconductor has a pillar structure, the capacitance of VCFLD
increases due to the increased semiconductor and gate interface area. Also, as
shown in Fig. 11b, gates 123b, 123c and a gate dielectric layer are stacked
repeatedly on a VCFLD, and the stacked capacitor and the VCFLD are connected in
parallel, and then, capacitance could be increased. This type of capacitor has the
same structure of stacking capacitor used in DRAM. The contact 121a in Fig. 11b
connects gate of the stacked capacitor and bottom electrode 121.

Bipolar type VBFLD is shown in Fig. 12. The impurity regions, which consist
of collector 124¢, 124d, base 124b, and emitter 124a, have been implemented at
SOl substrate and then transferred. Electrodes, which consist emitter 124a and
collector 124d, are formed at bottom 121 and top 122, and base 124b electrode 123
is formed in middle of the FLD. Even though emitter 124a could be located at to;:i or
bottom of VBFLD, emitter is at the bottom of VBFLD in the illustrative embodiment.
In this case, the emitter is implemented at top of the SOI substrate before the single
crystalline semiconductor 124a-124d has been transferred. Therefore, accurate
junction control is enabled when emitter 124a and base 124b regions are formed.
Also, SiGe heterojunction base is possible and polycrystalline semiconductor can be
used as part of emitter region. In addition, because the emitter 124a is located at the
bottom of VBFLD, emitter could be away from thickness variation during planar
process after the SOI layer transfer process. [|f handling substrate is used for SOI

layer transfer, then emitter is located at top of the FLD.
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In accordance with the present invention, to obtain low collector series
resistance, the VBFLD does not need a buried layer and heavily doped collector
region which connects the collector contact and the buried layer. Various
embodiments of the present invention provide lower collector series resistance
compared to conventional approaches. Also, base series resistance can be low
without a heavily doped extrinsic base region because the surrounding base
electrode 123 formed in the middle of VBFLD has a wide contact surface at the base
region. Further, the VBFLD does not have parasitic capacitors which prevent high
speed operation. In addition, because the VBFLD does not have a substrate, base-
collector-substrate parasitic bipolar transistor does not exist in embodiments of the
present invention. Whereas conventional implementations need deep and shallow
trench isolations, VBFLD only needs one isolation structure 135. In Fig. 11, if the
base intermediate electrode 123 is extended from base region to collector region,
then the low doped collector region 124¢ forms a Schottky diode with the base
electrode which enables high speed operation of the VBFLD.

MOSFET-type VMFLD are shown in Figs. 8a-8d and Figs. 9a-9b. The vertical
MOSFET could have high integration density at small space. It is noted that the
channel length of a MOSFET in accordance with the present invention is not limited
by photo and etching process limitations, but rather is determined by the thickness of
a doped layer. Also, the VMFLD could have high driving current because channel
width could be increased easily with a surrounding gate compared to conventional
structures which have the same channel length.

However, vertical MOSFETSs of the prior art are not used often because of
many disadvantages. Vertical transistors shown in US Patent 5,414,288 and us
Patent 6,027,975 are formed by epitaxial growth at exposed single crystalline region.
Because this technology requires difficult manufacturing technologies and high
temperature operation for epitaxial growth, it is not good for low temperature
semiconductor processing.

Pillar type Surrounding Gate Transistor (SGT), shown in US Patent 6,337,247
and US Patent 6,449,186, is difficult to co-exist with optimized horizontal devices and
may cause a shadow effect during ion implantation due to pillar type transistor. Also,
SGT does not have high integration density because it has problems with forming
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electrodes at source/drain and gate regions. Therefore, these approaches are not
suitable for SoC formation.

The VMFLD has a directly connected bottom electrode which decreases
voltage drop, and current reduction by parasitic resistance. Also VMFLD could be
easily full or partial depletion mode with control of FLD width, where the depletion
mode could be also controlled by operation voltage and gate dielectric constant.
Because the detached surface from the SOl substrate becomes heavily doped
source/drain region, even though there are small surface defects; unlike prior arts of
horizontal device, there is little effect to gate oxide quality, device operation, and
yield.

The VMFLD may have gradient impurity distribution in the channel region and
electric field could be formed in the channel region due to the graded impurity, where
the induced electric field accelerates current flow and graded impurity may reduce
Short Channel Effect (SEC). The graded impurity can be formed easily by ion
implantation or epitaxial process. Increased impurity concentration in the channel
region from source to drain side makes asymmetric operation. In addition, LDD
(Lightly Doped Drain) could be selectively formed at drain side only. It is difficult to
implement the graded channel in horizontal MOSFET in the prior arts, because of
difficulties in high tilt ion implantation and device layout.

MOSFET-type VFLD, or VMFLD, has a gate dielectric layer which is
implemented at below 650 °C as shown in US Patent 5,330,935 and US Patent
5,443,863. The dielectric layer could be thermal oxide, deposited oxide, oxynitride,
or combination of oxide and nitride, such as ONO and NO (Nitride Oxide). Any
suitable dielectric material could be used except high temperature processing films
requiring more than 650 °C. Another advantage of embodiments of the present
invention is that it is easy to use high dielectric constant (high-k) materials in the gate
dielectric layer, such as, but not limited to, Al,O3, ZrO,, HfO,, Y203, La;03, Ta20s,
TiO,, and BST. In conventional manufacturing of MOSFETS, a high temperature
heat activation operation is required after the source/drain ion implantation. At this
time, the properties of high-k materials can be altered. However, the VMFLD
process does not need a high temperature process, and so high-k materials could be
used at stable condition. Also, if ALD (Atomic Layer Deposition) is used to provide
the gate dielectric layer, then a substantially uniform layer can be obtained.
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In accordance with the present invention, threshold voltage could be controlled
by changing gate dielectric thickness and/or width of FLD. If different gate dielectric
thickness is used or different dielectric constant materials are used at VMFLD, then
multiple operational voltage and threshold voltage could be implemented at the same
SOl layer and it is useful for SoC. Also, because the VMFLD is produced at low
temperature, and a surrounding gate is used, it is easy to use a metal gate compared
to prior art manufacturing approaches.

In the prior art, for digital application, a MOSFET is in eithér an “Off’ or an
“On” state depending on voltage or current status. VMFLD shown in Fig. 13a could
be a multi-Level (ML) VMFLD which has multiple status values with multiple gates
sharing one source/drain. Current driving capability of VMFLD is proportional to the
gate area. Therefore, simply multiple gates with same gate size could be used for
gradual increase of current. Or, multiple gates with same gate size of a VMFLD
could be used for ML-VMFLD. Fig. 13b shows a ML-VMFLD which has two “W" size
gates and two “3W' size gates, where “W” is a constant number and “3W” means
triple the value of “W". Using combination of these 4 different gates, ML-VMFLD
could have 9 different current values from “0" to “8”. If the same size gates are used
for ML-VMFLD, eight gates are required for nine different values as shown in Fig.
13a. ML-FLD could be used for memory or digital logic device applications.
Intermediate electrodes for multi-level could be used for bipolar transistor as base

electrodes.

A 3-D IC including FLDs may have not only single device form, such as
MOSFET or bipolar transistor, but also multiple devices formed in a single FLD layer.
Fig. 14 shows a single inverter type VFLD. The p-MOSFET and n-MOSFET whiéh
make up the inverter do not require different wells, and therefore this inverter has a
high integration density. Contact 123f, which connects gates of p-MOSFET and n-
MOSFET together, becomes the input terminal of the inverter. Drains of p-MOSFET
and n-MOSFET are connected together and connected to electrode 123g and
contact 123h. In Fig. 14, p+-p-p+ type p-MOSFET is a depletion mode MOSFET. Or
the p-MOSFET could be a p+-n-p+ type and in this case n-region needs reference
voltage. As shown in Fig. 14, the contact, which penetrates the dielectric layer used
for FLD isolation structure, could be connected to interconnection lines above or
below FLD layer.
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In addition to the FLD inverter shown in Fig. 14, which uses only one SOI
layer, a FLD inverter could be implemented using two SOl layers as shown in Fig. 5b;
in which case one SOI iayer has the n-MOSFET and the other SOI layer has the p-
MOSFET,

In accordance with the present invention, memory devices could be
implemented using multiple FLDs.

Using two inverters and two pass transistors on base semiconductor
substrate, a six-transistor SRAM celi can be implemented as shown in Fig. 15b. The
two inverters are VFLD and two transistors, which have word line and bit line, are on
the base semiconductor substrate. Figs. 15a and 15b show interconnection lines of
top and bottom contacts, respectively. Two FLD inverters are latched with
connecting inputs to outputs of each inverters. Counter parts of one VFLD inverter
contacts 122a, 123h, 123f, 131 are shown with underlined 122a, 123h, 123f, 131.
Therefore, such an SRAM cell has a high integration density. Especially, because
the base semiconductor substrate does not need n-well for p-MOSFET in SRAM cell,
integration density in the base semiconductor substrate is high. It is noted that if four
pass transistors are used, a dual-port SRAM can be implemented.

There are many ways to implement SRAM cells in accordance with the
present invention. A first way is by using four n-MOSFETSs on a base semiconductor
substrate and two p-MOSFET type FLDs. A second way is by disposing two p-
MOSFETSs on the base semiconductor substrate and four n-MOSFET type FLDs. A
third way is by disposing two p-MOSFET type FLDs on a SOl layer and four n-
MOSFET type FLDs on another SOl layer. A fourth way is by using a four-transistor
SRAM cell that has either four n-MOSFET type FLDs or four n-MOSFETSs on the
base semiconductor substrate, and resistors could be either formed on an FLD layer
or polycrystalline semiconductor resistors may be used. ’

A prior art SRAM cell using a Thyristor has a complicated structure which has
a vertical Thyristor and a horizontal MOSFET on same semiconductor substrate.
Therefore, this SRAM has process incompatibility with other devices and it is not
good for SoC applications. Fig. 16a shows a VTFLD SRAM cell having a gate 123
in accordance the present invention. Intermediate electrode gate 123j is used for
word line 2 and the top electrode is connected to reference voitage. The VTFLD is
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connected to horizontal access transistor 161¢ on base semiconductor substrate,
therefore, each device can be optimized, and high density is provided for SoC
applications. The gate of the access transistor is used for word line 1 (WL1). Fig.
16b shows another structure of SRAM cell shown in Fig. 16a, which vertically
connects the access transistor 161¢ and Thyristor and eventually forms a VFLD
SRAM cell. The Thyristor gate 123j and access transistor gate 123i are all
intermediate electrodes. VTFLD in Fig. 16a could be the same SRAM cells shown in
US Patent 6, 225,165B and US Patent 6,172,899. A Dynamic Random Access
Memory (DRAM) cell in accordance with the present invention has one transistor and
one capacitor, where the transistor could be on the base semiconductor substrate or
could be a VMFLD on an FLD IC layer, and the floating source of the transistor is
connected to a VCFLD on another FLD IC layer. VCFLDs are shown in Figs. 11a-
11b. Or, from the multiple SOI layers consisting one FLD IC layer, one SOl layer
having a transistor and the other SOI layer having a capacitor are connected to form
a DRAM structure. Another VFLD DRAM structure has serial connection of a
transistor and a capacitor in a SOl layer. Fig. 17a shows a DRAM structure having
an n-type MOSFET and a depletion capacitor connected in series therewith . The
top electrode 122 is connected to a bit line and intermediate electrode 123 is
connected to a word line. In Fig. 17a, a depletion region, which is formed between a
floating n+ source 124e and a p-region 124f connected to bottom electrode 121, has
wider width than does the n-type MOSFET, where the wider semiconductor region
could be implemented using spacer technology without additional photo process
operations as shown in Figs. 7a-7c. Fig. 17b shows that a MOSFET having floating
source and a dielectric capacitor are connected in parallel, where the floating source
p-region is connected to a reference voltage source (not shown). In Fig. 17b, bottom
electrode 121 is connected to a bit line and intermediate electrode 123 is connected

to a word line.

A nonvolatile FLD memory structure in accordance with present invention is
shown in Figs. 18a-18f. Fig. 18a has two gates, where one floating gate surrounds a
p-type channel region with gate dielectric layer 183b and control gate 123 connecting
to bias surrounds floating gate 123k with another gate dielectric layer 183c. Fig. 18b
shows a split gate nonvolatile memory, where floating gate 123k surrounds part of p-
type channel region, and the rest of channel region and the floating gate 123k are
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surrounded by control gate 123. Fig. 18c has three gates: a floating gate 123k, a
control gate 123, and an erase gate 323 which is designed to erase data. Fig. 18d
shows a nonvolatile me}nory VFLD without a floating gate which has an ONO gate
dielectric layer 183, where information can be stored at different locations 30
depending on current flow. Fig. 18e shows a flash memory FLD structure with bulk
contact 122¢ on p-type bulk region 124. VMFLD could have a bulk contact without
gate dielectric layer on one side and gate contact with gate dielectric layer on the
other side. '

One of advantages of embodiments of the present invention is that nonvolatile
memory could be a ML-VMFLD which stores multi bit information in a FLD. As
shown in Fig. 18f, an FLD having one source/drain has eight separated gates, and
then one FLD has eight multi-bit memory cell. Fig. 18f has a bulk contact 122¢ and
rest contacts are connected to source/drain at SOI layer which is forming FLD. In
Fig. 18e, dashed line “756" shows the borderline of an exposed FLD bulk region from
the top FLD. Rest contacts 122a on SOl region 124 are connected to source/drain.
If the nonvolatile memories in Figs. 18a-18c, source and drain have different doping
concentration, multi bit nonvolatile memory could be achieved depending on device
operation similar to ETOX.

In one embodiment of the present invention, FLD memory devices may have
redundancy on the same or different FLD IC layers.

One embodiment of the present invention may have block regions in a FLD IC
layer as shown in Figs. 19a-19b, where each block has different type of FLDs. Figs.
19a and 19b are top views of an FLD IC, and each chip 441 is distinguished by a_
scribeline. For example, one FLD IC layer has four blocks 413a-413d, where a first
block has a programmable FPGA, a second block has a flash memory, a third block
has bipolar devices, and a fourth block may have an SRAM. Each block may require
different impurity junctions for different device types, where the impurity junctions
should be formed before SOI layer transfer processing in case of LT-FLD. The block
FLD formation needs wafer alignment marks at SOI substrate and base substrate. In
this case, it is better to have Overlay Error Compensation Area (OECA) 412
considering wafer misalignment, where the OECA may have a few microns to
hundreds micron distance.
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Fig. 20a shows a nonvolatile memory cell 700 with a capacitor using a
ferroelectric film 710, and a VFLD connected in series to the capacitor. The
nonvolatile memory usi'ng ferroelectric film 700 is called an FRAM (Ferroelectric
Random Access Memory). Conventional ferroelectrics are (PbZr)TiO3 (referred to as
PZT), SrBi;Ta,0q (referred to as SBT), and YMnO;. If an electric field is applied to
such a ferroelectric, then the ferroelectric has a polarization characteristic. In Fig.
20a, FRAM cell 700 has serially connected a ferroelectric capacitor and a VMFLD.
Gate 123 of VMFLD is Word Line (WL) and the drain is Bit Line (BL), and the source
is connected to the ferroelectric capacitor and the other electrode 122a is connected
to Drive Line (DL or Plate Line).

Fig. 20b shows an equivalent circuit of FRAM memory cell 700, where logic
devices for sense amp 770 are generally implemented on base substrate and FRAM
cell 700 including VMFLD is implemented in SOI layer.

Fig. 20c shows one memory bit using two FRAM cells shown in Fig. 20a,
where logic devices for sense amp 770 are generally implemented on base substrate
103 and FRAM cell 700 including VMFLD is implemented in SOl layer.

Fig. 21a shows a nonvolatile memory cell 730 with a capacitor using
ferroelectric film 710 and a VFLD connected in parallel to the capacitor. The parallel
connection FRAM operates at higher speed and has lower power consumption
compared to a serially connected FRAM cell. One intermediate electrode 123 is the
WL. The other intermediate electrode 123a has an applied reference voltage and
keeps constant current status for parallel connecting the ferroelectric capacitor and
VFLD.

Fig. 21b is an equivalent circuit of FRAM cell 730. FRAM cells 730 are
chained to form a byte.

A capacitor using ferroelectric film 710 is located at the top of the VFLD in
Figs. 20a and 21a. However, the capacitor using ferroelectric film 710 could be
located at the bottom of the VFLD. Also the VFLD could be a MOSFET, bipolar, or
other type of transistor.

Figs. 22a and 22b show nonvolatile VMFLDs 750 which have ferroelectric film
710 as part of a VMFLD structure. In Fig. 22a, a FRAM has ferroelectric film 710
located in between a gate dielectric layer 183 and gate electrode 123. This is called
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a Metal Ferroelectric Insulator Silicon (MFIS). Gate dielectric layer 183 is a typical
MOSFET gate dielectric layer and can be formed, for example, of silicon dioxide or
oxynitride. If there is no gate dielectric layer 183 in Fig. 22a and ferroelectric film 710
is used as a gate dielectric layer, then the device becomes a Metal Ferroelectric
Silicon (MFS) type FRAM.

In Fig. 22b, ferroelectric film 710 is disposed between floating gate 123k and
control gate 123 of a VMFLD, and it forms a Metal Ferroelectric Metal Insulator
Silicon (MFMIS) type FRAM 760 FLD. '

Ferroelectric film 710 used in the illustrative embodiments of Figs. 20-22
should be implemented below 660 °C for low temperature FLD.

Fig. 23a shows a nonvolatile MRAM Magnetoresistive Random Access
Memory, 800 cell structure using VMFLD and serially connected MJT Magnetic
Tunnel Junction Stack, 810. In Fig. 23a, MJT 810 is located formed below ILD 133
and FLD 124.

Fig. 23b also shows an MRAM cell 850 using MJT 810. MJT 810 is located
formed above FLD 124.

MJT 810 has property of variable electric resistance depending on applied
magnetic field, where the electric resistance changes depending on polarization of
MJT 810. MJT 810 consists of multiple thin film layers. In general, one magnetic file
is free layer which is polarized by applied magnetic field. The other magnetic film is
pinned layer and, in general, used along with exchange layer which is anti-
ferromagnetic layer. The pinned layer is polarized by applied magnetic field.
Therefore, the film stack is called a Magnetic Tunnel Junction Stack (MJT). The MJT
is not limited to a structure which has two magnetic films and a dielectric fiim. The
MJT could have combinations of different thin layers. The MJT could be classified to
two types by the stacked layers; one is Giant Magnetroresistance (GMR) using non-
magnetic material, and the other one is Tunneling Magnetroresistance (TMR) using
dielectric layer, such as oxide layer. The VFLD shown in Figs. 23a and 23b could be
MOSFET, bipolar, or MESFET.

Fig. 24 shows an Ovonic Unified Memory (OUM) 900 cell structure using a
Reversible Structural Phase-Change Film (RSPCF) 910 and a serially connected
VFLD. In Fig. 24, RSPCF 910 is implemented after formation of FLD 124 and placed
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above FLD 124. Or RSPCF 910 could be implemented before formation of FLD 124
and placed below FLD 124 (not shown). RSPCF 910 could have amorphous or
polycrystalline phases depending on the amount of current and time, in other words,
the temperature applied to RSPCF, where polycrystalline has lower electric

resistance.

RSPCF 910 could be chalcogenides and alloy in VI element of Periodic Table.
Therefore, RSPCF 910 could be alloy of Ge-Sb-Te, GaSb, InSb, InSe, Sb,Tes, GeTe,
Ge,Sb,Tes, InSbTe, GaSeTe, SbSb,Tes, InSbGe, AginSbTe, (GeSn)SbTe,
GeSb(SeTe), or Tea1Ge153b232. Electrode 910a connected to RSPCF 910 could be
TiAIN or TiW, which is stable at 650 °C. The VFLD shown in Fig. 24 could be a
MOSFET, a bipolar device, or a MESFET.

Fig. 25 shows a Programmable Read-Only Memory (PROM) 300 cell structure
using fuse or antifuse) layer 310 and a serially connected VFLD. In Fig. 25, the fuse
(or antifuse) layer 310 is formed above FLD 124 after the FLD formation. Or, the
fuse (or antifuse) layer 310 is formed below FLD 124 before the FLD formation.
Antifuse layer 310 has high electric resistance. However, it could get low electric
resistance if a high programming voltage/current is applied to the antifuse layer. The
PROM is not reprogrammable in general.

The PROM can be used in an Application-Specific Integrated Circuit (ASIC), a
Field Programmable Gate Array (FPGA), or a Programmable Logic Array (PLA).

The antifuse layer may be formed from an ONO layer, a metallic oxide layer, a
chalcogenide layer, or an undoped amorphous silicon layer, but is not limited to these
materials. The fuse layer may be formed from nichrome or polycrystalline silicon, but
is not limited to these materials. Electrodes 301a, 301b for fuse or antifuse may be
formed from TiW, which is stable at high temperature.

In Fig. 25, the VFLD may be a MOSFET, a bipolar transistor, a MESFET, or a
diode.

Fig. 26 shows a DRAM 400 cell having only a VMFLD 124. VMFLD 124 using
SOl layer has floating body p-region, as shown in Fig. 26, without applied bias, and
charges could be accumulated in the floating body for a short time (i.e., refresh time).
The charge becomes readable and writable data.
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Fig. 27a shows an Electrically Erasable Programmable Read-Only Memory
(EEPROM) 500 cell which has a VMFLD and a serially connected nonvolatile VMFLD
memory. The nonvolatile memory has dual gates which are a floating gate and a
control gate. However, it could be a Silicon Oxide Nitride Oxide Silicon (SONOS)
type nonvolatile memory. In Fig. 27a, the MOSFET, which is coupled to the select
line as shown, is disposed above the nonvolatile memory. However, the location of
these devices could be reversed.

Fig. 27b shows an equivalent circuit of the one EEPROM éell.

Fig. 28 is power VMFLD 600 which is operating at high voltage. Compared to
conventional low power VMFLD, the power VMFLD could have from few micrometer
to few hundred micrometer range SOl layer thickness and gate dielectric layer
thickness may have from tenth of nanometer to few thousands nanometer range.
Operation voltage could be from 7 volts to 1000 voits range. Also the FLD may have
a trapezoidal shape which help extension of depletion region and reduction of electric
field, and therefore increasing operation voltage.

Power VMFLD 600 has many advantages over horizontal MOSFET.
Conventional horizontal MOSFET needs to have long channel length in order to
increase operation voltage. However, it causes high cost due to low integration
density. However, channel length of power VMFLD 600 dose not change integration
density because channel length is determined by vertical height of the SOI layer.
Also, because the power VMFLD has surrounding gate, it has low on resistance and
its current driving capability is more than twice of conventional horizontal MOSFET.
Therefore, the power VMFLD of Fig. 28 may replace other conventional power
devices, such as Lateral Double-Diffused MOS (LDMOS) and Trench MOS. Also,
combining low voitage devices in the base substrate and power VMFLD into one
chip, we could achieve SmartPower or SmartMOS chips that handle analog and
digital signals in a chip.

If the power VMFLD in Fig. 28 has a double-diffused drain, then it becomes
the device shown in Fig. 29. The double-diffused region prevents the expansion of a
depletion region to the heavily doped drain region and helps device operate at high
voltage.
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In Figs. 28 and 29, if the gate dielectric layer has a combination of “low
temperature thermal oxide, high-k dielectric, and CVD dielectric, then device
reliability increases, and the interface trap in between semiconductor 124 and gate
dielectric layer 183 decreases. Also, current driving capability increases and on-
resistance decreases.

Conclusion

It is to be understood that the present invention is not limited to the
embodiments described above, but encompasses any and all embodiments within
the scope of the subjoined Claims.

33
Exhibit 1006 - Page 123 of 375



What is Claimed is:

1. A method of forming a semiconductor structure, comprising:

providing a substrate having electrical devices formed therein, and further
having at least one dielectric layer and at least one interconnect layer disposed
above the substrate;

providing a first stackable add-on layer, the first stackable add-on layer
including a plurality of vertically oriented semiconductor devices disposed within the
first stackable add-on layer, the plurality of vertically oriented semiconductor devices
separated from each other by dielectric material; and

attaching the stackable add-on layer to a layer of the substrate that is the

greatest distance from the substrate.

2. The method of Claim 1, wherein the plurality of vertically oriented

semiconductor devices includes at least one n-p-n stack.

3. The method of Claim 2, further comprising forming a gate dielectric on the n-p-

n stack, and forming a gate electrode on the gate dielectric.

4. The method of Claim 3, wherein the gate electrode is disposed on the gate
dielectric such that it is adjacent at least a p region of the n-p-n stack so as to form

an n-type MOSFET.

5. The method of Claim 1, wherein the plurality of vertically oriented

semiconductor devices includes at least one p-n-p stack.
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6. The method of Claim 5, further comprising forming a gate dielectric on the p-n-

p stack, and forming a gate electrode on the gate dielectric.

7. The method of Claim 6, wherein the gate electrode is disposed on the gate
dielectric such that it is adjacent at least an n region of the p-n-p stack so as to form

a p-type MOSFET.

8. The method of Claim 1, wherein the plurality of vertically oriented
semiconductor devices includes at least one floating gate non-volatile memory

device.

9. The method of Claim 8, wherein a vertically oriented erase gate is disposed

adjacent the at least one floating gate non-volatile memory device.

10.  The method of Claim 1, further comprising attaching a second stackable add-

on layer above the first stackable add-on layer.

11. A method of forming a stackable add-on layer, comprising:
forming a detach layer in a first semiconductor substrate;
forming a plurality of doped regions in the first semiconductor substrate above
the detach layer; wherein forming the plurality of doped layers comprises:
forming a first doped layer in the first semiconductor substrate above

the detach layer, the first doped layer being doped so as to have a first conductivity

type;
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forming at least an intermediate doped layer in the first semiconductor
substrate above the first doped layer, the intermediate doped layer being doped so
as to have a second conductivity type which is opposite the first conductivity type;
and
forming at least a third doped layer in the first semiconductor substrate
above the intermediate doped layer;
forming a first electrically conductive blanket layer over the third doped layer;
forming a second electrically conductive blanket layer over the first electrically
conductive blanket layer; and
attaching the first semiconductor substrate to a second semiconductor
substrate such that the second electrically conductive blanket layer is in contact with
a corresponding electrically conductive top layer of the second semiconductor

substrate.

12.  The method of Claim 11, further comprising:
removing a portion of the first substrate that is on a side of the detach layer
opposite the side on which the first doped layer is disposed, such that the first doped

layer is exposed.
13.  The method of Claim 12, further comprising:
forming a third electrically conductive blanket layer over the exposed portion of

the first doped layer.

14.  The method of Claim 13, further comprising:
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etching portions of the third electrically conductive blanket layer, thereby
exposing a surface of the underlying plurality of doped regions;

etching the exposed portions of the plurality of doped layers that are not
masked by unetched portions of the third electrically conductive blanket layer,
thereby forming a plurality of individual doped stack structures, and exposing portions
of the first electrically conductive blanket layer that are not masked by the individual
doped stack structures; and

etching the exposed portions of the first electrically conductive blanket layer.

15.  The method of Claim 14, further comprising:

disposing a first layer of dielectric material between the individual doped stack
structures, such that the first layer of dielectric material surrounds the third doped
layer and a portion of the intermediate doped layer of each of the individual doped
stacks, and such that at least a portion of the intermediate doped layer is exposed,;
and

forming at least one electrically conductive line that is electrically connected to
the exposed intermediate doped layer of at least one of the plurality of individual

doped stack structures.
16.  The method of Claim 15, further comprising:
disposing a second layer of dielectric material over the first layer of dielectric

material.

17.  The method of Claim 14, further comprising:
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forming a gate dielectric layer around at least a portion of at least one doped
stack structure; and

forming a gate electrode adjacent at least a portion of the gate dielectric layer.

18. A semiconductor structure, comprising:

a substrate having electrical devices disposed therein, further having a
plurality of dielectric and interconnection lines formed thereon, the substrate having
an uppermost layer; and

a plurality of vertically oriented semiconductor devices disposed on the
uppermost layer of the substrate;

wherein each of the plurality of vertically oriented semiconductor devices has
a first metal electrode disposed on a bottom side thereof and a second metal
electrode disposed on a top side thereof, and the plurality of vertically oriented
semiconductor devices are separated from each other by a region in which a

dielectric material is disposed.

19.  The semiconductor structure of Claim 18, wherein the vertically oriented
semiconductor devices comprise a first doped region of a first conductivity type, a
second doped region adjacent the first portion, the second doped region of a second
conductivity type that is opposite the first conductivity type, and a third doped region

spaced apart from the first doped region by at least the second doped region.

20. The semiconductor structure of Claim 19, further comprising:
a gate dielectric layer disposed over at least a portion of the second doped

region, and
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a gate electrode disposed over the gate dielectric layer;
wherein the first.and third doped regions make electrical connection through
first and second metal electrodes, and the second doped region is not provided with

a direct electrical contact.
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THREE-DIMENSIONAL INTEGRATED CIRCUIT STRUCTURE AND METHOD OF
' MAKING SAME

ABSTRACT OF THE DISCLOSURE

Vertically oriented semiconductor devices may be added to a separately
fabricated substrate that includes electrical devices and/or interconnect. The plurality
of vertically oriented semiconductor devices are physically separated from each
other, and are not disposed within the same semiconductor body, or semiconductor
substrate. The plurality of vertically oriented semiconductor devices may be added to
the separately fabricated substrate as a thin layer including several doped
semiconductor regions which, subsequent to attachment, are etched to produce
individual doped stack structures. Alternatively, the plurality of vertically oriented
semiconductor devices may be fabricated prior to attachment to the separately
fabricated substrate. The doped stack structures may form the basis for diodes,
capacitors, n-MOSFETs, p-MOSFETS, bipolar transistors, and floating gate
transistors. Ferroelectric memory devices, Ferromagnetic memory devices,
chalcogenide phase change devices, may be formed in a stackable add-on layer for
use in conjunction with a separately fabricated substrate. Stackable add-on layers
may include interconnect lines.
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comments on the amount of ime 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.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/01 (08-03)

Approved for use through 07/31/2006. OMB 0651-0032

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 unfess it contains a valid OMB control number.

DECLARATION — Utility or Design Patent Application

Direct all correspondence to: ﬁ Customer Number: 00004\ 3L | OR D Correspondence address below

Name

Address

City State ZIP

Country Telephone Fax

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR:

El A petition has been filed for this unsigned inventor

Given Name Family Name
(firstand middle [ifany])) S an - \/ un or Sumame |(~ee
Inventor's ] ' Date
Signature W W y‘éi-z\
2) June 20y
Residence: City State Country Citizenship !
Beaverton OR USA
Mailing Address
17082 NW €k Run Drive
City State 2IP Country
Beaverton OR_ 7000 USA
NAME OF SECOND INVENTOR: [ ] A petition has been filed for this unsigned inventor

Given Name Family Name
(first and middle [if any]) or Surname

Inventor's Date
Signature v

Residence: City Sy CV Citizensy

Mailing Address - / / /

City / State / ZIP / Country

D Additional inventors or a legal representative are being named on the supplemental sheet(s) PTO/SB/02A or 02LR attached hereto.

[Page 2 of 2)
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Please type a plus sign (+) inside this box ——» E
PTO/SB/81 (02-01)
Approved for use through 10/31/2002. OMB 0651-0035
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 display a valid OMB control number.

( ) Application Number N / ” . \
Filing Date 2] Joune 2004
First Named Inventor Dang-Yunh hkee
POWER OF ATTORNEY OR Title Thiree - Dimensional i« «
AUTHORIZATION OF AGENT Group Art Unit ~ B
Examiner Name N/ r
\_ Attorney Docket Number | BeSang. POO | Y,
| hereby appoint:

Place Customer
DX Practitioners at Customer Number  [©000 412 | ———p | Number Bar Code

OR Label here
l:l Practitioner(s) named below:
Name Registration Number

as my/our attorney(s) or agent(s) to prosecute the application identified above, and to transact all
business in the United States Patent and Trademark Office connected therewith.

Please change the correspondence address for the above-identified application to:

The above-mentioned Customer Number.
OR Place Customer

[] practitioners at Customer Number | ——— | NumberBarCode
OR Label here

Firm or
Individual Name

Address
Address
City [ state | | zip |
Country
Telephone I Fax |

| am the:
E] Applicant/Inventor.

D Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

SIGNATURE of Applicant or Assignee of Record

Name Sang~Yun kee

Signature W‘ﬂ Av\

Date 21 Juge ¢
NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit muttiple
forms if more than one signature is required, see below®.
O *Total of forms are submitted.

Burden Hour Statement: This form is estimated to take 3 minutes to complete. Time will vary dependiagﬁupon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Information cer, U.S. Patent and Trademark Office, Washington, DC
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, OC 20231.

Exhibit 1006 - Page 192 of 375



[==]
=

This is to certify that the following application annexed hereto

is a true copy from the records of the Korean Intellectual

Property Office.

= 2 =l S 10-2003-0040920
Application Number :

E & 4@ a8 o 2003 063 24
Date of Application JUN 24, 2003

3 & o1 ol&t&

Applicant(s) . | LEE SANG YUN
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AES A% Fx"le] @3] 71Bel J= =A(notch)e] ¥ HEO = FLD7F #AHE T

GAMAR dg7|sdAs Z+ Fo A= IC Lol A= Hulol2E& Adsts WAda 444

ot

go] Hulolx si%oze YW & AAT, B FPol Mt FLDY Ao okl FEmoz BT

Aol shsstet,

ARMAL NYrlee YVHOE FPo2 FAsts MOSFETS M $3o2 Fasts
Aol ol@m 71Ee] £Wo2 FASHE MOFEITS FE

o ojgth. AW £ wedol i WEAe] ol MOSFEIS EFE Ul tulo] 28 43

ggoz A TR WSS gow, A9r]E £ tuto]xe} W] 2YEgl

YEHAZ A7 28L& 457 At stusite] &9 FEie] Hulolx %s% Hj e

AAsel 2Hg FAHAY

fru
g
rl

LS wjdgle] @9 HulolAE sty HIEAS ol A

FAggoz AYAPY HFUTL °1§¢, Z FPIutolx Fuio) 2L FLIFHE TS
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<63>

10%30040920 23 Az} 2004/6/14

% 9ok, shubshd B @me yJEHoz SOIFEE X2z de] ¥4o] Wagly] WEo.
o] ERHO0E 2 % QI ofe T2 Feje] FLDE Fol A3 dmwct,

AEWMAZ B el AE FLDS §1sh ofd), 2 F7 59 RE G I AW AW

ald
b
2
4
o
N
)

¥

o,
v}
£
N
2
>
o

I
Yo
1)
)
flo
i)
o
>
N
jo
b
o
o
i)
rr
o]
=
()
i
<
ox
o

Eda~dE =39 y4d= 3209 IC x99 AFE S A9t Aok, E4a0lA, 718(180) ¥

oA ARXEARel AMREE FAEutA(MEADE 2AF Fo 5 FL HFY FHEAFTA3)L

ol

2 o]Foi3 HAS(163)FH} =AZ o]Foj i (132)3 AZA(131)E FAATH. o 7]A
=

D

A5 (153)& FA8ts Az SHEAS(133)ES ez d BAL13)22 FEH

AT, 7o o] W]l A H(180) WA F A 2A 4 Y& 250T-650C HEe 2%
29 = dojoF Fo. TAle $ AL ZE AF/AYG AGE oy, ¢FulFoly Fel9}
2 FFolvt WdAdF 5 (Refractory Metal), AgAtol=E, 5L AFEE E3FHY 22 AT
& ZE ¥EA L AN NEA 23

Hol & 4 v}, FLD AAH Z2 7 Z¥o=E dAH+=
AZA(131)°] BAS(153) Yo A E Fol FLDY 3R AF(121)2 2 A& =

I (Deposition)dtir DLl wet FHEFE(120)L FA s}

r|r
A

%}

i

FALE(120)0 2.2 AHEEHE 52 Ad35(153) o £ F5ujA(132) Bt B2 254
Al xow, SOI7)F(190) o] HEAlN HPgHANA "E9H vl EFY (Surface

Microroughness)"Z 13l FAHXE a2 F3Hvoid)e AL 9A3l7] 98ld, Td

o]

g3t B Fe 2%ox 9 EjUd(Reflow)e] Fololgtt}. Trek A =(153) Wo] ujA

75-15
Exhibit 1006 - Page 208 of 375



1&30040920 =38 A=z} 2004/6/14

(182)°] &Frulgo2 FA4H] Jod, FAFRF (1200 st 552 ¢Fvwe 5=

L2529l 660C BT} & 250C-650T 2] WHYoa] = F&olojof 3t} 250C-650T oA &=

M

, SHAFT B F e FEHEEY TR S=3E e o ¢Fued S Al Alloy,
204°C-674°C), ©FA(Zn, 4207TC), o}AS(Zn Alloy, 377C-484C), F(Pb, 328T), 2F(TI,
304°C), QS5 (Te, 445C), £ (Solder, 268°C-579C), F43Z(Tin Alloy, 223C-422C)
5.

<64 T4be SOI71#(190)& WEbdT. FLDE EAsH7] st B ESo] o2 423 WEAF
(124) <ol FAH =, H7)AY EEEFTS 2% MEAFT120) ol&FUL AU &
AA vt A S (124)2 FA37] Y3 ol F S (Epitaxial Layer) AFAFA T EEES Yol
AAE £ dn. ¢2A HEAF(124) o F53(12D)0] FAZHH o] 55F o FIHAHT
F(120) 2.2 A8H= 5350 FAET. A7]dA S0I719(190)2 @243 wEA7Z|#o =,
FLDE 7A3ste 924 vEAF124)9 S A 714 98L& o}, S0 7|82 28 E
(S1), AZ2vtE(Ge) 59 HIER EAY =2 S;tGe GaAs, GaP, GaN, InP% 9 ttst s
E Az 2 5 Yo e o] 01 7|8e ddEdoly SFE wrAvL 2ol Agd v
A RMEAZ 2 FE A9, 00 719 79T ol B uMEFYS (o7 st @
< &AM FHEEF(120)9] EHH (Reflow)o] 58 ZHo] Fi.

<65> of 7]of & SOI 7]¥(190)2 Aste T4 =HF 9 Zolel SmartCutTM (USP5,882,987)0)r}
ELTRANTM 7)< (USP5,371,037)& ©l&3% ©3&% (porous layer)olu} SiGenTM7] =& o] &3 W
@5 (Strained layer) 59 FEE 71X 2 F(191)2 712 5 Ao, 2EF(191)2 vtx A
ARTFZ AN Agol B Fdoln] FAS T HE olFd FLDJF FAHHE GAA Hx
AF(124)& AL F S0I 71B(190)2 BEste= ZAA o] A,
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<67>

{
10%30040920 =9 =} 2004/6/14

Sdce E4a9 EAF(153)7 E4b9] SOI 71%(190)& F e Fo T¥olth. ZdbollA HYH
SOI 71 (190)°] HFIR LR =4a2] FAF(153) 9o AAHASE & F Ao, FFA
dE= AW Alo]l9 FH(Void)E ol A BEE FI7HA717] H8iA &8-S Fof Bt
HA dAHEE T £ . ol¥A, ¥ 2xAM & 25% FUHEITLE A HE
o]2ol %, 0I7|Te] AHitolE= F7+3HT=(Intermediate-Layer Bond) 2.2 F(Au)E A3 &
B El (eutectic) AEoIY =28 5529 (soft metal thin film)E o] &g Izt
(thermocompress) A¥to]l A184E & U}, == AAEGES 71z 7|BE4H 718]9] e & +

= A9, 14

ofj

(12002 E@e Beol A48 2EZ(12DEL FLDY sHEAToR A4

]

g 5 o,

T4doll M= BAF(153)°] FLD7F A& S015(124) ¥+ 7|3 S0I71#(190) &&=,
AR =& JXRof FLDAMelo] A7 F&(135)7F Axdrt. S0I71#9] el 283 (E4co
191)& AAMe=Z AMg3te, 1 el (Water Jet)o] SOIZIH(190)2] ®elol 2d F
28 5(191)2 o] €3F# &3 BESOI (Bond and Etch-back SOI) W (USP5,013,681) 2.2 FLD7}t

HAAEE S0IF(124)5F E7132 yo #] SOI7]$(190)2 @AY (polishing) 4] Z}(etching)3t]

AAST = ot == vy 98 = 7] W (Handling Substrate, @771 &)L A} 231, SOI
71 B 7| E9 Astn, VI7Z]Foz2HE OIFL 23t uifr|#eoe =z dgE3 T, o
Al 7| B2 RE] NVIFS FIFoE AGT 5 Ao, 7oA 9] ujsfr|HL woj2=7|

I} 2E FFY 7] 2 £ do. B WAZIEL IAFVacuum) S ©] &3t &2 WA

2
At
2
Al
k
2
R
>
1)
Mo
L
uf
L
N
olf
o
)
ol
ol
k1
32
oo 0
&
N
g
i)
lo
)
ol
tfo
D
1)
2
rr
AV
i
ol

Ve EHE B33 sl FAL FAFE A=
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L PI7IHE BAF FH Az, NVIFTHE 7] yo A OI7]He] AAFo=2HE £
g o, AdSo] 2T £ g &4 (Damage)S FA 357 Ydeoltd. = USP635550190 A
o} o] ZYulol=(Polymide)E A}&3te] SOI7]1HE wiZi7ld=) HE 4 Ao}, 0I7]He] &

2] 3 o= CMP(Chemical-Mechanical Pollshmg)a Ae3Eled Hg® dAA vieR gHe B

<& ga% HEAF(S0 ol FHB Fol ALY FLIE FA4FHY A% 4PF2(135)S A

A groh. A7=(135)9 dAd= 01 & A28t EWA(Trench) 7)&o] 22U, 3l o
woll H Ht(Die Saw)& &olstAl 317] fste] =AY Atolo] EAjst= HD/d(Scribeline)
9] NIFE EJAZ Aztadvt. A2l Fx2(135)9 A A FLD A (12D AFHe R

FAEG. sFEAF(121) ] A WL E7a-7colA AHol Ao}, Ag]72(135) FA A

l

FLD ot&ol] Qe AZA(131)# AT F(135)9] AHEL, S017]1Fd] ol FLDE FAst= @2

A EAFo]l dEd Fol woj2r|H(180) 19 AXAHr AV FAHE FES B2 VIS

—

21 Zy st H|o] 271 (180) A9 AR HwAE =EA7]3, =59 ARIAEAE ©] &3
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30040920

g
10200

FLD<]

Iy

o}

Aol g3 7hRA ICo] AHES £Y &

FTOo=E

£ 93

olajgt ¥y o2 FLD

=

il

Eyl

= BETE7F 838 &Y.

< °]83st A

o

o

AR L]

A=

2 AN

et =39 =71

9.

o] F&&F(121)H

=
°

SOI7134(190)9] RAF-ER! nt

p—
.

<69> = 4pol] A]

(189)0] M=ol A

=

<3

SH-A=(121) Alolell &= & HA

=0
9

4=
=

SOI7)1#(190)2) ARE3 &

Ko
B
e

S

HEH=(121) 9]

Z5acll A9} o] &

T
-

o] 7%l

(153)el] 249 4 JdH(=5a).

o

o=

= olgd & Aok

T2 B8 sF-HAF(121c)S AHE3te] FLDY|

oz FAHE F 9. =17 39

i

9 0

0> 2 &gl glelM shue] FLD 1052 @5 F& 55

(124, 128)

<3

9] SOI=

A~
T

] B odFE FLD IC

="

(105)8 BoZ=t},

o

=

2 o]Foizl sh}e] FLD IC

o
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d
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7] FLD ICZ(105)2 FLD7} A H7] A9 EHE BAF3 A, =5b0 vt X0l st
S0I=(124)3 ©} 2 3} SOI=(128) Alolol= dAXAM o] EA8}R F= qkoko]l B2 S0I
= Alolol] AdAAMo] EAFHE Z20| e} o] dye] FLD ICE(101)3 & 3] FLD ICH

(102)2.2 FEAT. BEF0IF, 3tte] S01F(124)0] Aol st AAF(183)e] HE

H Fo e WHoE EUE NIF(128) IdEHo2 FHAFo2ZH FAAAT. EobollAME
B0 S0I1F(124, 128) Atolo] HAZ(138)S 2zt Aom olzg HA(13B)LE &
SOI& (124, 128)°] A7|H o= 27} @), ola|d H59 S0IF (124, 128)2 3h}e] FLD

[C(105)F 0 A71He=z 2 43 °& FH HupolAE JHT + JEF . o

fj
ulll

o] 3719 & NIFe=2 FAHHE 3t FLD ICHo] A4 dtthe] SIS n-MOSFETZ, th &

shitel S0I52 p-MOSFETZ, ET-E 3t 52 w=Ee fulolirt g 5+ U,

tr
)3

3k o] ®F=A| tinfo] =2 MOSFET, ®lolEet, Hole =, AMMAY, AT F
o] efo] A}, CCD(Charge—Coupled Device)“} APS(Active Pixel Sensor)z-2 G +4lA
A2, £ MEMS(Microelectromechanical System)ZF 2 & ¢t}. FLD= gutz oz 7|5 (
E13a)olvt AH715(=13b), &2 A2 7/H9] ZH(Angle)S 7R 715 (Pillar) &2 o] nvlojgl
T W15 2S FHE /12 4 vk, FLD 9 Fo] FolEolA Fold vlgty o] 2
@S 7IAE E8H o= FLDE A HWst= vigo] oks|A A FLDZF 7] €AY otdlel & AEF
oc2RY dojx @ & Ant. olHd FLE LAY st FLDO BEYS FAYFOR

A= F1 oldl= WL Alt}E]E (Trapezoidal) 2 9HE =% i},

<2 2 wedo] glojA] FLDE WAshE Tiulolak Az FAM ALSHE £xo| Heby 1L

(High Temperature, HT) ©}uv}lo]lx29} *2(Low Temperture, LT) tlulo]lA2=2 FEHAT. =3 o
vlo]l 9] FAtgkol] ulebd A (Vertical, V) ©tlulo] 29} =% (Horizontal, H) tulo]lA=z

75-20
Exhibit 1006 - Page 213 of 375



<73>

<74>

u
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Shs

:|1

..

"o, oArlolAe] A" e "Fgro] gujste HiE tulolke] T dad Fd A
T3

2ol 520] z}z} R = " u}ak

[+

1@

2 oy

i

=3

FLDE ¥A3ste TA L 800C o]de] 23 650T ©]3te] A2olA A& 7Fed B2 78
2 5 Uk, B dHeoxs 224 AZ et tute] A& HT-FLDE, A 2A Az 7Hsd
tjulo] A5 LT-FLDZS tds] FLDE 37|12 o). eiukstd & 2o 3 ugo] Fde
Go 2xol AzEE 329 1C0]7]) wiFEolth. HT-FLDE dwHE<Q uniolx FAH I wl3rtx|

2 ol 2F YT FYE o2 FAHIE AT dAVE 7hedtn, HT-FLDE YWt3 ez vr=x|

2

N
o
r
4
o
o
r

T2 FEe EE dule]lxg Azo] shesit. HT-FLDE T4 38t7] A

e
fl

Tda~doll Y= AAF(153) e 8jA(132)oly J A (131)S T2 2

ki

R

o

s
. Y

W

=]
&= g2 E(Tantalum), 28 B d(Molybdenum), ¥ 2 ®l(Tungsten)® & WIAFS
(Refractory Metal)oly} 2] (Copper) & TFAstodof dtt}. EF Ho] 7] (180)% 800T o]/

o & 2xolM ATE Bolojof i},

(o

Lol e LT-FLD(ZF2 FLD) 9] Z-¢oll, T2l o3 ¢S5 Ecl dutola ™

o
A
)
§2
rr
S
N,
&)
2
o
n=)
ot
oX,
i
2
(k)
r2

N
lo
f
e
ngt
i
)

Toll FLDS] AlZFAlol] m=z o]

aj
FU3} nedAY, 291 o] FUL AW ANFY 5& YA 5x et W FLDY

=
104
oX
a|d
b
L
L
<l
i)
o)
i)
X
o,
»
Jo
fu
(L
ki
2
2
R
)
o
e
(L
2
[o
hu
[
L
r|r

SESIE S
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5E 257 #2 BEA zﬂé_z Abgo] 7lsslith. =3 LT-FLDE F£02 € AloE9 Al

ol 7}53la, B FAYFE Z2e AEHAEZY AlLo] AYriEo) HlEto §oldr}.
LT-FLDZ FAd°] 7bs & futolas s P S 7F VFLD(Vertical FLD)7} d¥b& o},

kst 924 SOIRPEAF <tell o] =2 o 2 HP{PeE e B E EAst, st

39 dA-dol §olstr] wZelnt. shAT EE 2EoME

d

o] 2+ glo] ¥z F3E
= HFLD(Horizontal FLD)9] A|2Z}o] 7}53lth. MESFET, MOSFET, tiolo =, £& 433 ulo]Z g}
EAR 2 S92 HFLD Al Zto] 7bs3lt}. E6acA 9 o] A} F Ao 0] PR(Photoresist)
ojv} st=mt2 T (Hard Mask)Z2-2 A2t 23 (1715 A3t DA A9 AR E 2 zstH
T6be}t L T2I wEolXth, E6bE ]015(172)7} £E7] thojle=g FAsteE FEIT
o2 ¥ MESFET® #xE& 7IXl HFLDE YErdT. =& HFLD vie9] stR-dF(121)0] AllER
AHEE X Y. E6bE E201A4 1139F FAlE FLDE Yelll= Aolth. Z6bollA ghek A

o]E(172) oldo] AlolE HFEAZL 7}FX|H MOSFETZF B}, E& E6bollA] Alo)E7F & (Ohmic)

A

I

2 7443, ng Y

S
ko]
off
18
lo
bu
T

A 352 vlol eyt €o. A7) FEEFA vl &
giol A nt FHo] SFoE ARGHIL p FHe AF(172)0] FFLE AR HYE FHEEF3E
tole=rt Aok, 3 Aloj]EQ AHEglel n 9o R AFge FATY £ Ao

VFLD(Z-& LT-VFLD):= MESFET, MOSFET, tholo =, AFAIE], A5}, ulo]Za}, spo]a]~E
(Thryster)59 dulel27t E  Aov, & 3t fulolxrt ohd, 328 74T = A
= 92 9& F7S FLD7} sAREFgeR wjdgle]l dZ2€E FHr € £ Ao, VFLDE F
FEj 9] Hulo] A7t HH s A wlo]lA IR dZHoR dAF FAYFoz A

Hulo] &5 REEo] A5 7170l HAHstE SoCE TE F AT
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1o vt e ddrliso] 2ole AP tulo]l2(212)%kE 28 & ol 9] VFLD=

A3 2uE, 2zn de] P49 Ado] 4 AREHTG. @7lelA n@Ine) ofme o
uol 2ol AP AoR AEAAY T AAAE Alolo] E AolE FomA, Hulolx S
Aoz WAoo JARE LEL Juisiy, "EYErs A2 WAL AA] Ao

AAFE TR A7t A" FES ov|grt. USP5414288, USP6027975, USP6337247,
USP6449186 FollA HoRZo] da7=d FAFHY tulolzoAE oo Ues 22/=4)
Ao B 2ol ETE 49S SYEY dZ3y] HolA o] BEeEAddo] £Ho=2 ARFHY
ZYEV & TYHEER] AYE F1 FHE F Ade TEF AFE AFdoF dh. =t

A AgTscd s vig e

I

2E AA® 22/EdAAZ LD 714 AN Fotei)

Hrop, E20| A9} Zro] E whyol] mE FLD(111)E dZdsts AZFEL 3v9 FLD(111)9) ¢

o

(122)9} ofgf(12D)o] FAE 5 2w, VFLDY A9l VFLDY F3F J g FAdHe A=

(Local Interconnection)@Q & 2 % Q). o]zigt 7/l tlnlo]l Ao 3z}l A o AF27
= 422 7€ dAriEdAE E7Fss.

B il lojA FLDY ol F&£2 7]de o) AH8dE 255123 sl Ju

ofj
&

AdAS 5D B8 424030l vtz 94248 4 Jde==, FLDY off FE2 o] A

bt

U

I ZHEV dZH e dEivE €. 2 2@y mE FLD(111)o lolA] A SF(121)9]
FLD(111) 9] Heol FA R HAS(151) te AZA13DFH A H 7] Y3 FLDS |24

(131)o}] A2 AHEo] Hojof g}, 7oA HHLE B A FHNA A== *P‘J%% o
A EADC oJEA o] Fo|Xt. 3FA|IRE AR F A A ] FHL FHEAE JHAH ol T I
&2 HedelA FLDY ofziol] A1 A= (1202 2A3(151) <¢e] AZ2H(13D) A HHol
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<80>

1(%)30040920 : =38 Ux}: 2004/6/14

of

n
2
2
rd
o

SOE

) 504

o
[o

2 B ddET B4 dZAS 2= dEAE AR & FdS9
JE AAADES 94357 Y8k, E20 Ue 5ol 2+ AAF Alol9] wjx(132)9] ¢
HES AZARg QWA AFEste AR /27349 3 8e3 HY A A= d23E & =

= 3t9, ol# g A (131) Alele] HiA(132)9] FA S AKX wr2F(Mask)E ol &3 A

>
N
-‘-l
of
M
o

do] Hasich.

2 oM E E7a ¥ Z7boll A9t o] FLDO ofefi-&(1242) 3 7] oblF-#(1242)3 E2
Hie 9dZ24(131)3 9] AHoll ALESHE vlAd(121)9] A AR vtz AAIFAEES 8=
A= AFAHE(Auto Align) 7]EE A8, SOI 7189 A AR HAD 555(131)

BB FLDo] ol FE(1242)2] HAZAM(Extension) & AR E 1 Ay F4£53(131)

L

=
2 UdREL nddTg S st FiEoz AlgdEn. B Ay E A4y F53(12D)& sHEAF
olg} gttt E7acA et o] Azt wpAH(173)E o] &3t HAH(149)e 2 FAE FES A7
ot E7bollME 2FHolME FAHE AAv2I(182)F EAFET. o7|dA 9 Azwtx3
(182)& AM&3te =7col RAAE Z 3 Zo] FLD ol @24 (131)RET W2 wjAd(121)9]
FAET. A7) X129 Yoles AZwA3(182)F FLDE Fol olde=z FAA X3 &

of

-

A2zt 7 3

1

ot

4g 7 Sole FLDElY W= 5 # o]do] H= HolE

odll

4 Ao

o

A (121) 9] Hole= stevlAazm e FA49 FLD Fol, FLDFZA, a8lia AH oA (182)E A3}
= AZte] Axd wet g2k, wrek FLDO] Hol7t AR FAe] FEex HYgny ad
A (121) 9] FAdQle] sHRAZT LS AT + A,

2 29olA VFLDY F3AITLE bS5 22 oz AT F A =8a-d F=x). A¥MA=

Hebsl dFe] FAdoln. Pes FHA2(123)9 JAL Wz AZFTE S 2L =X
Z o] CMP(Chemical-Mechanical Polishing)®} &2 Woz AIZEZRAL Fassta, A2z
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<81>

<82>

<83>

(Dry Etching)& 3Hd E8acllxeol &2 s TAF(123)& e + Uvk. oluf A=< o
H3 Jds AEAL A7 A 15=

AAZE dojuh Fofl AMER F . old =EXHE %
o] FAE dWvrd o VFLDS ¥olit ¥T. EJ o|wl VFLDS el A4z =R F
VFLD7} A E & S015-(124)9] £/ (Damage) S *WA|3L7] 913+ 2124 X5 (Etch Stop Layer)o]

Basith AAPAZe IRHos Beo) Agvol} P B FEFO2 TG =

63
NS
i
:\A:r
o
fr
(Y
e
ol
0o
&
O
o,
)
L
of
o
>,
Y
A
11
flo
%
e
lo
it

8aollA] FLDe] A F= =7

Al =xd 5o s AA

A
>
>
N
[o
b
ke
£
rl
ol
i
(Y
o
o
>
L
2

o

'
i
i)

sHE-A=(12D) 3 Bastd FA=(123) Alelo] 71X 7}

o]
SRR E8boll A9 o] AW oA (123)8 o] & WHolth FNATL Pt 2w o]

23o] 7t gko FHES] FAo] ofHH. AFHoIME o|&T AT IS AT A

CMPE AHE-shA] 2= Aol A,

AR A= Hefolaz F238kA] & Bul(dummy) FLD(124a)E ©]-8-3 =3 olA] ¥hjolth. E8c
AA ekl ol HU|FLD(124a)E Hulol=2 AME-E &= FLD9F 7Hrko]l A8t F3Hd=(123)

o] FAHHE &0l AAH S FTIHAF

i)

, F2AT(123) 7 AZHE FLE(1232)7) Ho
FLD(1242)9] ZA QlolE =z ZUE P4 njde /A, E8col A ek o] Hubo]=

2 AFE-5 = FLD®F ©ulFLD(124a) Alole] AglEs A#H 0] 4 (183) FH4e] Fulrt}t ztolor s},

HHA 2 E8dollx et o] gFe AH oA E o]835HA] FLDS =
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1&)30040920 =3 dx}: 2004/6/14

<84>

<85>

el 714 ATAE L Fol7] Astel ARAZH FEE AAZo] BLY = Uk
FHAZL VDY FHP AL 9 THNAY T2 AR R FAFo F4Y 5

FLDol A AR A ZF(122)2 E7a0A19} Zo] NIFo] V7o 2RE AAF AEdd Fo A

r
>
N
filo
ol
lo
f
X%
2
&
[>
o
2

FEH(122) 0IFH =E313 FLD7F S 88 7
=7l Mok o] BAE 5 Atk =8dolM et o] FLDO 4R-AF(122)& A= FHE

(122a)= FLDY Hol7t §HE& A fole ¢rty oz 2ole wiex 3L &2 A/A47 &
Argg & glt}. A RE FLDO] Ho|7F ZHE(122a)9] FA A0 AR H = AN FT A9 AE
AP AET AAY 2 HE(1222)9 A7 FLDE FAsHE S0I(124)9] HHRY o
, AR ASE AZse FTYE(1222)9 A4S AT ARI/AA 34ANA S S123)7e] A

F0de 4o 5 UAn. mepa] & 232 FLDY 4RSS ddsts S9E(222)9 ¥4
™

ojt}., FHA= X0aclAle} o] Herdl J|& 2 e AZAAXF(184)S o] &3 Wyolth. A
HAA = Toholl A e} Zo]l AdHolA FArE2 TtE AZAHAZ(184)L o] &3 W¥olt}, o7
ol Aol AZFHAF(184)2 EHE(122a) FAIAlo 2Z}o] == AAS(133c)F v wdle] 2]z}

=7k e Bdololof @t} g S0l WAZ(133c)0] Arshoteld A% (184)0] A
El
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<86>

<87>

<88>

10%30040920 =4 dx: 2004/6/14

B oatmos 3 250A FAEY oz FASt= o & e VFLDE v
o] ¥ 7]%t}: MOSFET(VMFLD), MESFET(VMEFLD), tho] 2 =(VDFLD), A 3H(VRFLD), #H=jA]E]
(VCFLD), wu}o]lZ2}(VBFLD), Ato}#] 2 (VIFLD).

B ol w}E VDFLDE X10a0lA ¢} #o] =xo 2 H p-noly p-i-n 59 HIF tol

ARAZ(122)3 S01(124)9] HFREAAM £2EINE FAIT. 2 Z10coA 9 2ol
T&Ho2 ®H FHAF(123)& £EFZE o]&F 32 Fx9 £EY] yole=rt E F U
ZAZ(123)8 o) &% 2EY] FEHl9 VIFLDE A/ 380l %= (Anode)?! FHAF(123)S
B3t AREAF(122)7 FHE-AF(121)9 S3(Cathode) o2 5283 Z10bolA o] &E7] o
ol =g vt 28e] FFFTF THE FeTh.

2 2ol w2 VCFLDE 27HA 2 FREt. 3ty VCFLDE 7A43%ts ©Z2A whx=A tod A

He 3PS5 E o] 843 MOS AAIE FEje] VCFLDY, I FAglel AASF AlololA A3}

%
H

g A#Fste, d95< ©18% VFLDE 7&¢ + U

2
1L

o Aol =go] o™ vix

Alotoll FPFHo] FAFH 1, W2 WtEH o] E550] FouH vtEA|Qte]] FHFHo] FAHHA
&3, AHASS o]&3 VCFLD7F "vh. & o] & VCFLDE] ol X1la, bell ve} it

Ellaol n 22 =3 (Doping)® 92 M=EA(120)E A= AlolE BAS(183)°] U,

)
L
fr
2
2
ol
-
00
N
filo
i
*
rr
)
L,
ful
A
4y

(123b)3 n oz =3d dZ4A MEAE AdFE3=

rl

AZ(121)0] 2zt AT}, o] ZSE MOSHMNAE Fefolth. VCFLDoIA AlO]E(123b)E W=
A GG (120)9] ¥Re] FAH] FHY FE Uk, APHo2 AWAEY §Fe A

HAo vtz BEA(1240)5 E84 AT Ale]E(123b)= VCFLDY &% & F7HAZG.
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<89>

<g0>

1(%30040920

ox,
o
£
bt
i)
9
to
[
L
18
_>d.

—

B el wE VCFLDOl 3loiA Rt=Ale] 345 71%F

fllo

2
2

()
(2
qW

ASAE 9] 22 7411 5 U},
(Stacking) AAIE] ] F=o} Zr},

©]E(123c)%} VCFLD] stE-A=

E

ZAANAN AN §BLe TN

2 749 AHANEHE

E11bol A

o] &3 AMAHZ AHg-o] Jhsdin.

| o2 Aol E(123b, 123¢)t TETIE AlolE H

2 Azsts 94¥e

FE= st Hb

HE(121a)= A=

-

=3 dx}b: 2004/6/14

7h viEAg AH By £ET) goleE=g ¥

A} Aolze) HEwA

T 11boll Al R F50o] shte] VCFLD

2 FotgM o

ojF A Foled FAAEIS} VCFLDE BEE A5t
olg| gt AWAIE 9] T4 DRAMC 2ole AHF

AWAEE AZAS= Al

vlo] Z g} e 9] VBFLDZ} =129 yo}glcl. VBFLDOl A £ E](124d, 124c), Ho]2(124b)<} <l

UlE(1242) 8 TFAStE EEES5S S017]FoA

48 % gov B g s olelZd F4slol Aok,
EA(124a-124d)7}F SOI71& 2

2, o] ALl olnE(124a)¢} H

Exhibit 1006 - Page 221 of 375

0] 2 (124b)

OH
1o
),

=S VBFLD9] ofefi(121)¢F 91(122)0] 28 a1

. ol El(124a)9] A2 VBFLDY ¢ Z& olgdiF9] ojx

ZEE AgGEH7] ojddE oulg(124a)7}F SO0I7] 9] ¢Z9

3 el 23 M (Heterojunction) =

QA 5

75-28

FdE Fol Adg=Hd,

ofl u| €] (124a) &}

o] A (124b)e) A=

gk 3o &
E dAdste o2A ub

ol
o,

Bl Aol oA Fo Fug ZHol =HS
7bsdta, 23 vx
=3 o v]€j(124a)7} VBFLD
AgE Fo dAstes @

Ao W2 RE oujE 49



<91>

<92>

1(%)30040920 ' =9 dxt: 2004/6/14

S e @ 5 Ao, vbefol w7 EE AMEste] B2 A WEATo] dEE Ayl ovH
7} FLDO] #ZFol| UA Ao

2 ggos PP VBFLDE TUE Y APALS BF7) A darjEolA olgdE u%F
HHZBuried Laver)olt 28 THEFAR sdF L @

K1
i)

Sol dostA ¥on, APrj&Z AZE HiolZet tufolzd H|gte G Y APAY
Th. T VBFLDS] FZtel FAHE T F(123)<0 A2k 9 (Surrounding) wWiel2 A
§3d Wolx AF3 wlol2g o] v WHo] Ftete mEE e A (Extrinsic)
Holz oo FHQlolx ol AFPE WwE & Aok, = 2 IdHoez FAHE VBFLDE

MePr)Eo] EAlste wtolZet dutolxe] n&FAL WHsts Ay 7| ANANEHE HAis)
d F en, 2 Wil VBFLDo & 71| girl&d], AP 7isclA yHetys Hol2-F ¢
g-7|goz 74 »T:— 714 vlolFehe] o] B A= EA5IA ek, E dgoz

T8 VBFLDE Add7|soddA 8 7HE Z2 27ZFe](deep Trench)yt @2 22+ 2] (Shal low
Trench) ¢} &2 o8 & FHY FYFEE sty A 72132 s & AT

E11o0A wlol2E AdAstE FAF(123)0] P F=9 FHE (124c)¢k 2ol AZHYE Mo
2(124b) 9 2 E](124c)Atololl £ EFItho]l =71 A4 Ho] VBFLDS 1< 3-8 75 A o).
MOSFET® Bl & 2! VMFLDE 8a-8de} 9a-9boll TAIH o] th. =23 efe] MOSFETS 7|Eo &

2] o]

fr

% el vt 2 WA @& tvle]2E PAste] IA Dx(integration
density)® ¥Y 4 0= AW MOSFET tubol2o] A9 Ade] Ho|st Abxlo|ut A zbr] %ol
Age T2 Feves FH, a8l &2 A2 Zol(Channel Length, L) ZE % F =<9

MOSFETE o A2 Z(Channel Width)& F7HAZ & oA B AFE F5AZE + A= F
dol Aot

75-29
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1

<93>

<94>

<95>

0'”030040920 23 A=z} 2004/6/14

3t AP r)<ol] 2 27 Fe|E 7}2RIMOSFET(Vertical Transistor, VI)& o8] €AF
o] 7HA] SHFEZ AsA Bol A8 A kel USP541428387} USP6027975% ) 2221 3
Blo] MOSFETS FHH o2 &9 9244 d9o @444 dF(Epitaxial) AFAAA ANE 4

£ A Jlwo] J¥T Yo oy WP wS 4e 8T

182
tlo
-
o
ot
rr
N
>
o
i)
o
N

StERE @& Z2EE g7t BtEA AzWydds AeA &),

USP63372473} USP6449186 Sl 22 715 HEH|E 7} SGT(Surrounding Gate Transistor)E 7]

ok

So]l HAEE sE9 £ Fuo tulolrst By old:, oleF YL B3 EE 29
G o9th, E=E SGTE 2A/=HQ) 991 AojEe AT Ao olgLo] U7 wWEe, 43
gej9 tulol2o] HlEA L YAEE T3] FST. w8 AHSY )29 59 Feje

dutol et FES7] AAH 7] w2, Ag71ed Ao F 29 FHl EF7F SoC(System on

+ ZrolA el WFLD= 375 (121)0] vtz 22/=dRle Hste] 7| el o7 g3t
U dAFa2E ¢ F A9, =3 WFLDE A7l vidriA 2 4A 33 (Full Depletion)
olv} - &FF(Partial Depletion)©] == VMFLDE FLDE HFA3H=VMFLDY ol we}l 2{-F A

22 F Ut A7) SHITPI FEIHU S AAHst= WFLDY Z& FF S, AlolE )

o
=
ox
ol

o EFT}. ol T A the FRoIM AL £Po= s S0I oul
. OIF1BOERY RYHE vdY wEAEe =

"ol, WFLDY) nFE &2y 2 =odl goo] oz, S FHd e Aol JojE F

rl

Faeo] tuto]ze} 2] AlolE HAAZe] T (Quality)ol FFL Fx) Fon] tjupo]xel
satolu} 8 (Yield)ol o= gato] A},

75-30
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<97>

1&)30040920 =9 odx}: 2004/6/14

2 glgdo)] o2 VWFLDE sdo] FAHE JH0 BEaEo] EFUsA EE3o, Ad FF
A AF7 2= wro @ AA(Electric field)d 71€7)17F AAA AFY 588 F11, &

3t o) M xlg &3 (Short Channel Effect, SEC)E Zolx= FH|Q X E 712 F A}, Hrlo)A]

i}

o B¢ge BRYF BEE SOI71BeNA o] 2F o

.

U el A3 g Aol AQEHA F4E.
222 5E =ddF ez Ad(Channel)o] BYHE S99 w7t S718t= oA =TLdT

EY = VWFLDE B A EZEHA 9ttt B3 R2ols B 559 E4E535< LDD(Light

¥

Doped Drain)”} gl =dQowt LDD7IYE EFY ES-EFRE U E 5 Yo, Adz]sd
oA FH o7 FA3= MOSFETolA] o]z EFdT B¢E EXE wesdHH 7 &7(Tilt) 7}
=

2 o239 T FAS tiutolx wiHMY ofeig Fo

rO
ot
£
giaid

g2 788 5

VMFLD] AlolE A =L USP53309351} USP54438630l 49t 22 650CHT HE 5 oA gAg
4 9 F4tstel(Thermal Oxide)oly =X Atstel, == Absietn Asets 3
ONO(Oxide-Nitride-Oxide)u} NO(Nitride Oxide), EA7} H7lE 439 (Oxynitride) 5 A137]

oA 2olE AlEHAF

fujt

ZolA] 650TC ©]Ate] 2L AL T ZAL AT Ao mE

AlclE Zd 2R L A8 Qth. B atwo] o E &AL A1203, Zr02, Hf02, Y203,

1

La203, Ta205, Ti02, BST 53 Zo] BAAS(Dielectric Constant)7} & EZ & AlolE-HQEAA
Z ALE st gdojA AYgriEr FEEig. AazisoA s LTI & AlcEERS &®

TH Fol 22/=de F

8

B EeEe 2SI A% Dol Bese ow FANF
b2 23 E4ol ¥ + AT, HAT WFLDY AL THE HE LEE 275A PO

Z2 AoERAFTY A olFox HALT7H & 22S

2

JHOZ AOERAFOE Mg
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<98>

<9g9>

10%30040920 =2 9x}: 2004/6/14

B wojo] wE VMFLDOl 2lojA AlolE A= FAE vl ALY, FLDY SAE ulFoN 2

g A 4 (Threshold Voltage)©o] THE2VWFLDE AT &+ Ao, AlolE HAF9 FAE E83tA

T

GA AF7 2 B2 S 7] & WFLDY A3t B3 A BEAYge] ZHr) e
VMFLDE FAlo AT 4= ouZ | SoCo dAo =50 Hup. T3 B dygore] WFLDE

H2 2xoA Az, Qd IARES

e
I
x

r
°
(m
i
rﬂ
il
¥
32,
N
£

2o, Havle
o] H|3l] FE& Alo]ER 7)o A3},

Ma7)Eol QoIM TAE L&l 20= NOSFETS AFY Agke] Z7)o) mapy ong n1n =
o offrs} ron' S E TEHE F sbX EFHO o ghe it 2 wgel g WRDE =
13a0] Uolgls AAEY shdel AT 228 FHAE $HoE FRHE Bie o=

93l oggl7tA] g2 e 2= dgH A (Multi-Level, ML) VMFLDE AT 4 t}. VMFLDY)

A AFA7IE AlelEQ Holo uidgt. metr desl 22 HolE e B9 AoEE

e EAHH o R FUtsteE AFE = WFLDE HEAY, Z& & HolE Zes 559 A
°o|EE 3tute] VNFLDO| AbSdte e 7S & ML-WFLDE A4 E &+ Utk E13bE

"W 2718 2 TR AlelE) "3 =7]

m[m
rlr

FHe] Alo|EE FAHE ML-WFLDE X

AETH, ArlalM e "Wre g Ze dRkEd =AE ovEkd, "3its W] 3wzt HE #g
ojujgitt. & 13bell Yl E, oleld 4719 Alo]EES] 3o 2 ML-VWFLDE "0"ollA] "8"7}

2} 97k 9] & s AFE TAIEF UG, Tk B Hols zZk= M-WFLDE 9719 o& #
< 7HAEHE E13a0l A9t o] 8719 Alo]EZ Bsttt. ML-WFLDE "R &L txg =
2l duto] 29| & 2Y F Qo HHHEE Z= FIHHAFTLS MOSFET ol9dl= & FF/
o] tjulo} o] Alg=E S ). uwlo]Z gl X dolxo] AAHE BFE FAY FHHZo=w
deHEs 74 + Ao
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<100>

<101>

<102>

<103>

1(%30040920 &3 Y=z} 2004/6/14

B g we 339 ICE TFA8tE FLDE MOSFETUY w®polZ e}l zro] © &Hefeo] ojul
o] 2 ¥xlo] olgl, Ho] i tuto]x7t dhute] FLDE AR FHE 712 += Ao
ToAE 2 Aoz FAHHE VFLD 729 AHEE FAEEY. IHEHE FAs=
p-MOSFET# n-MOSFETS Zt7] tt& d(well) & Q73R &Zo2=2 2 JAHEE 713 F At

p-MOSFET®] Alo]EH=(123d) 2 n-MOSFETS] Alo]E A F(123e)S |23}

£
rO
z
o
Lo
rl
J
L
)

rlr

FHE(123f)7F 931, p-MOSFETS] =#23 n-MOSFETS] =&91S dZAste] QujEle] &8 o)

Hie AF(123g)F EHE(123h)7F Aok, E149] 4 9] pt-p—pt+E ] Fo] X p-MOSFET-2

flo
of
k)
Hd
g

(Depletion Mode)Z ¥ 3}3l=p-MOSFETo|t}. o 7)o A 2]p-MOSFETS pt-n-p+to. 2% o] Fo] A

o] Foll= nd ol 71EH4o] JtaiA ok, E140 A4 ¢ o] 2 A

Lo
ol
)
o

2
Z2 Adsts WAL FlDAlole) A TFze] Exlsts BdSe BBl TUEZ Asd FLD

%9 st otz Ay

r‘l

FLDE o83 AvEs] 7AE, shte) S0ISwo s PAY ElclAes 2a, =5t 2
ol Frhe) SOIZE o] 8ke] shbe] SO0l =n-MOSFET-S THE shibe] SOISolp-MOSFETS 7

7} 24ste] shel FLD ICE0] shte] AMEE 74T + A

£ wo] 2 3349 108 TASH: 249 FIDS ol 8ato] vl Zal (Memory) Tiufol2g A
@ % gt
= El40] thsh Qs A3 22 VELD Fele AwE TS Hlolx BEAI B e A

9] s =(Pass) EWALHE ol &3td, F67/M9] EWAXEE o] 8 SRAM(Static Ramdom
Memory) A(CelD)& T84T + Ath. T AHE = VFLDE Hol dor =2kl (World
Line, WL)3 ®]=2}Q1(Bit Line, BL)S 2t 2709] s (pass) E@X|2E}(16la, 161b)E H]o]
2 HEEA7|E Yo - dY. =15a9F E15bE F/09] FLD QU EelA dlute €S o2 3}
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1(%30040920 =8 Az} 2004/6/14

<104>

<105>

ve] 3o dZ3%la v 8L OE e A A2 X (Latch) FEHIE 24z 9i(
T15a)0A] 2@ W(E15h)oA] EBHEE wjHoz AZAZ Yo}, 3ute] VFLD QvlEje] ==
9

EE(122a, 123h, 123f, 131)°] H-gst= o sy 9] VFLD Il = EES(122a, 123h, f,

)

131 & wAo] Be Feol sraM AL TAs A

\./

D WER TR FASET. gl
52 2742 $ QE T2E 712 £ Q. =3 HolA MR VS SRAM AS TAsE

p-MOSFETE 9% n-well?] Aol QFHRA gouz vlolA vl 7jBolA O & JAAFE

i

b8 & Aok, wHek 479 2 ERA2EE AMESIE dual-port SRAME A 5 Qi)

Qo] At o]Qox B wio] W& SRAM Ade] A Zo] Qo= thekdl whyol| Jbssit).
AHA = wo]lx Ht A7) Foll 47019 n-MOSFETS 3 AIst 27829 p-MOSFETS FLDE HAISI= 6

el EWA2EE o] 83 SRAM 2, FRAlE wolx BEA|7|Ho] 2719 p-MOSFETS A3tz
471 9] n-MOSFETS FLDZ &A3lE 6719 EAXAEE o] 43 SRAM 4, A= 2719 FLDE
e o] p-MOSFET-S &}ute] FLDZol d/Ad3tar 4709 FLDH el n-MOSFET-S & 3tuhe] FLDZol

FAss 6719 ERAEHE o] 83 SRAM A, dlbAE 4719 EAX2E 9 2719 AL o
&3 SRAM A2 EJA2ETL Hol& A7 dd AAY &L vt FLDF 4] FLDE T4

5o, A3 o 349 FLDFOlA FLDZ FAHAY =2 gZ2A veA2 7SS SRAM

Ayl eol N Edo] Mole 2 E o &7 SRAMES sHbe) WEA W o] 3 He)e) MOSFET
QA Axx ERA 2B} FAGH ] Aol 2EE Sl Wil AT FHo| Bisln gE
Feel Huiolst T8I ofele FAL AR SoCol HYgetA BT Elfak £ 2

ol @& Alo]E(123j)E 2= VIFLDE o] 83k SRAM A& BAFEL, FAIA Alo|E(123))e
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<106>

10‘%)30040920 €9 LA} 2004/6/14

FHA Y=ERI(WL2) o2 2oy, 4R ASF(122)L 7IEdY dZ2do. £ A2 VIFLDE
ol Bt 7|He) A FHF Y dA2(Access) ERA2E{(161c) dA3o, Zzte
715¢ st JHAEE Fol SoCo FHE §ol3tA Tt ArloA AN EAR 2F
o] AolEx WA Y=l E 20}, Z16bollA 9] EThE Fejo] SRAMAL =16a°]
veigls A FEHY A2 ERA2E(161c)9 32 FEje] Aolg]2EHE A&5H oz AFs}
o 32 FEHTS 2= VFLDE o] &3 SRAMA S B AFET. Aolg]2H 9 Alo]lE(123j)9F A
Z(Access) ERA LB A°E(1231)7F 2F FUHSTo2 JFAHH A, = 16a94]9
VIFLDE USP6225165B14t+ USP6172899° A4 ¢t o] =502 SRAMES 74 Y = U
2 utdo] wE shtel Edx e e st ASAEHE P4 DRAM(Dynamic Ramdom
Memory) “d-& DRAMES A3t sty ERA|2E(7F wlo]2 REzA7|e)] AAY &2 FLD IC
Zoll WFLDZ T/do] v, o] EAX2E 9 T2 Y& 2(floating source)”t ©hE FLD 1CF o
T8 ste] AAIE(VCFLD)9F |2 €. VCFLD FF = =1la-11bel Y} o, =& &
Fo] NIFoE FAE e FLD ICTNA dhtel 0iFols ERA2HE, & 3t} SOl
Fole AHMANEE 7St dAste Fxolt. EUE FH O DRAML st} FLD ICES T
Aot shte] 0I5l d&5H ez Add shte] ERXLE S stvtel AMAEHE FAHEE
DRAM A& FAst= Welt. E17av o] MOSFETH stute]l P F S ol 83 AdAE s}
A%E Fxoltr., AR AZ(122)= vEZIcR dZAHD, FHAIF(123)L Ygelez A
ZAoldtt. E17a0x FF B Gl §AHE E2H nt 22(124e)9) AT Hsle p 99
(124£)2 AMAEY §FS T7HA717] st EHAL2HEG HE & 2 Fxo|n, o]

B3 We Fo gZ2A B=A 9%, F719] AW FA flo] E7a-Tcol A9t 2L AT oA

d

Zle2 e F Ao, E17bE dtuhe] MOSFETOA] E28 225 o] &3 AW} 5L
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<107>

<108>

1020030040920 =38 A=} 2004/6/14

O

183 AdAIE e BEE ddh Fxoltt. A7l FEY R2E FASE AR p 29
2 JEAL AZAEHREA) . E17belME SFRAT(121)0] HEe}le] dAAH T

TR F(123)0] F=gloz AZ .

2 wdgo]] wE w324 (Non-Volatile) W28 gulolx FXE zt:= FLDZF E18a-18fof A
o] Aok, E18at T/l AlJEMNFE o] &3 A folH, tol 7}6Hilzl oe E29A0l
E(floating gate)(123k)= AlP]EZAS(183b)S Aloldl T3 pFo2 =34 AEFF AR
£ g o, AHQro] steiRlE EEEA|Io|E(control gate)(123)= ST 2 Y A|o]|E(123k) <9

Abolo] ETIE AAE(183c)E 7HXv ZEHAICJE(123k)E 911 gYth. E18holAs E2¢

il
hu
ot
i
-
0o
(%)
T
i
o
[
N
o

i
=
[\]
>
N
N
T
B
30
fr
[»

Z 3 Aol E(split gate) FHE 2=
. Elsc= 3749 AolER TS s TYAC E(123K), THE St ZEEACE
(123)o]a Yo x| shvts A HOlELE A& oldlo]=Alo]E(erase gate)(323)7F EA|H
ol Adth. E18dE TEHACIEQIC] 3L WRYRE & F A& fviol22 ACJEAHAA

(183)7} ONO(Oxide-Nitride-Oxide) 2 = o] low, Fzsl= Wik weid H2HE £12(30)

o BRE 8 F UH. El8ecllME & 24

2

o2 v 3 eA] wlwZg] gulo]Aarl Z A

(Flash) dl2dl2 E2% = 922 pidoz 35 Hi(hulk)ddE L A7|doz A4 =

i

E(12208 ZE TEE BoET WELDA Ba %G9l A713 Ade SA 4N @
£ 259 FRATS AEste] b AAA glo] @EelAq WA

AAAE XD FRoM solE AFoz AL8E F YT}

2 o] me wHey Wzele] £rhe A M-WFLDSH slaskz PEdEs) Yue
AR & Q= shte FLDE PHE 5 Aok E18fe] dels
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1(’%)30040920 =38 A=} 2004/6/14
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e Fel e weolx ZuE EFF HF59 Jwez FAHHY o, AR B 29 3x4
o® AAHY A= Zzte] FLDES AA|3H7] A S A 7I¥e] a7HA Ferh. =7,

£ oayge uwigEo] wolx sgo] glo] ARAMF WAL RE T AAFH P shs FLDD

FRHAZ Agrlese dvtd o=z zZiztel H3td ICH &= "ulol2go] M=E "Hr|Ho =2 3

AAzZE Afrlee 712302 717 Zlgol2g o2 dZ9 7479 ICE dZA3s7I

M2 Ag7lee 2ol IC @Al Fug 7lvddel Baste, F@ss C(FL )
s AYHE I0(FS A7t 25 J19gPe 9% T2E A @tk oAvlelM vwge
A Fzrole slw AYvtas 2ARYe] YYTE Fol Yok, HATW B BRelME %

AEE 93 F="glo] 9 71T AE =F(notch)e AY Axwto g FLD7F FAEAHE =

fllo

243

(]

S gtk kst B IeolAE SOl Zlwatel HAEE 9RA REASE B
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<76>

<77>

<78>

<79>

1020@047515 =3 Adx}: 2004/6/14

Nm
O
z
.2
:&9
I
fo
tu
S
oft
ok
[l
1
¥
N
rﬂ
e
(3
oL
2
>
rr
T3
=
(w)
1o
A
L
L
2
0%
b
lo
ut
kd
n

2 FAsE MOSFETS 7HAm $H02 $asts
AP 7|E9) FHoz FaSE MOSFEIHe FE
o] o}WTh. BhX T B wolat WMEAo] 2ol NOSFETS X9 tlRE 9] Hulolag £3

Yoz FASE P22 BEF o0, 4Y71E £7 cutelxas) vuste ZYEo

AFWAZ AYrlee 222 YA Astel sttt @9 Fejel tulo]2E g wHo
2 dzste] 24 PASAY, B ¥R e Magol B due]AE st MEAF o)A
FAYFoe AYAAD GFAGL ©l§F, Z 2Puivtol~ Hejo] 222 FLDYE=

& gch. shuste B owge 7|RHos IRHE oz 9o Yol Baglyl Wl
2 wge] 53802 29 & 9t oe the Pl FLDE UFel AAs d@ed

AgWAZ B gl E FLDY st ol 2m F3 59 RE Jde] IEH AW W@
2¢ 7H2 # Q. dArldMe FEATe WAL Feytoz YHHE FLIE TA
= w2y wEAg st ol WAH gL Az FHBF o= tulol e FatelA
ALRsE ALY F Yot AW Agr1Ee AdvHoR FTHEs FAPE FAY FE

3 Ystmz 2 dgel sl ¥ FEAYE 2o,
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1020&047515 =9 dxk: 2004/6/14

<80> 54a;d% T30 UelglE 33k IC 729 AL dustn k. T4adlA], 7]#(180)
of ARRFH AlEE e HErA(EADE X Fo OF L& E59 FHIFATAU3BL
2 o]Foixl AAF(153)F =AZ o] Foi i (132)F% AZAA(13D)E FA . oA7]oA
AAF(153)S FAsIE Zzte) SHEAF(133)EL HHez d AAHAA3)e 2 FEH

Art. 7)ol Ae] Ho]A7]F(180)2 WMEAFAHNA 2AY F A= 250T-650C HE9 229

A F dojof g}, EAE RS AFE 2 AF/AG dEEHCH, ¢FvEoly 7%
22 g0l WA S E(Refractory Metal), AEAlol=E, 2 AFEZ =3 HO ¥ AF
£ e HEA T2 0E2A UEA Edo] 2 F . FLDe AF F2 FHeE AAHE

AAXA(131)0] BAE(153) Yol dAZHE FTof FLDY stEAZ(121)0 2 AlEHE F£522 &
¥ (Deposition)dtsr Qo wel SEES(120)8 ASE =S 358 712 2 U

AFF(120) 22 ALEHE 552 AA35(153) el A S5MAA32) R0 & X4

ol

A Zow, S0I71(190) o] HeAlol AgHAA "EH vMEFY (Surface
Microroughness)"2 213t HAMEAE B2 F7Hvoid)d HAL WX F7] s, ¥H H
&3l oA e 2T oMo S Y (Reflow)o] Folofgtt}. whek AAS(153) el njA

(132)0] ¢Fulgez TAH Yo

47
¢

0.1..
o
fr
all
pr
o
e
fu
H
o

1o

, THAFS (12002
252 660C Bttt @2 250C-650T 2] HH A H= F&o]ojof gt 250T-650T A =&
, BAERSO) 2 F e TEEY FTFHFS =32 95S 2o, F9sEE(Al Alloy,

204C-674TC), oFd(Zn, 420C), o}ASF(Zn Alloy, 377C-4847C), F(Pb, 328C), BF(TI,

304C), 25 F(Te, 445T), £ti(Solder, 268T-579C), F2%=(Tin Alloy, 223T-422T)

=
S -
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1020@047515 &8 dx}: 2004/6/14

<81> T4bx SOIZ]H(190)S uvelith. FLDE FAIEHY] 98l B850 ¢k 424 vz A F
(124) <tol] HAAH =Y, A7l B4 ESLS G244 B HE(124)0] o]2FYL stAY ¢
AR M= AF(124)S A7) 918 o ¥ S (Epitaxial Layer) A3 AT ELEE ¥ ¥

AAA = . 224 ReEAIS124) Aol 8551200 FAFHH o] 5T S TR

N
5
e

o}
ku
>
oo
fu)
rr
ol
I
ofj
L
oft,
o,
i
0
2
N
2
X
S
N
&
©
e
ih
o,
-~
0
N
o)
[o
i

(Si), AZ2utE(Ge) T DHUEZH VH=AY F2 SiGe, GaAs, GaP, GaN, InP3F9 ©3 33t

i

VA 2 S Y. Ex o] S0I 7[R ddE R0y SFgE wEAV) #Zo] HidE &2

A=A 2 £5 vk SOI 71BE /BHYE olde] BE HAHAEFLE Qo7 Hstd v

flo
rfo
H

ANA FTHHEFS (12002 EHH Reflow)o] -8 ZAo] Fo.

<82> of 7]of| A SOI 7154(190)o dste FA +E9 Zolol SmartCutT™M (USP5,882,987)°l

ELTRANTM 7]& (USP5,371,037)& ©|&3% t}1& % (porous layer)olu SiGenIM7] &8 o] &3 ©&
8= (Strained layer) 59 HHE 713 B35 (191)E 712 & I, E85(191)2 vt 4
AATFZ QoA ZAo] B2 Fdo|n HASHe HE o|F FLD7l AAHE d24A Hvtx

AF(124) & AT SOI 7]#(190) & £ ste HAAdo] do.

<8P T4cE F439 AAZ(153)F E4b9] SOI 7](190)L AF3E $9 =dHo|tl, E4bolr] B W

SOI 71(190)°] HAFJ AR FElE E4ao] BHF(153) A AFINSE £ F o, HEA

A= A Alole] T (Void) & flol HI ZEE F7HA717] AsiM SHE Fof 2&3}
BA EAYE & F UG olFA, ¥ 2EAA 5 F5S FURGFTLE ASE HE

ol2joll =, SOI7]&e] A3t

rir

T3 ¥ S (Intermediate-Layer Bond)2.2 3 (Au)S AF&3
HE (eutectic) AFolH F=2l& F&94 % (soft metal thin film)E o] &3 ¢
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<84>

1020@04?515 =38 d=x}: 2004/6/14

(thermocompress) 3ol AlgE « o, e FAZE 71 7|¥EDE 71819 Heol 8
&

E . TS0 2T HY

T4dol e EE5(153)° FLD7F 435 E S015(124) §H2 &7)13 SOI71#(190) L =,
AR Z5& P72 FLDALolel Ag]l +x(135)7F A X €r}. 8017]3*4 s 283 (E4cY
191)& ZAXLR A3, 1 e A (Water Jet)o] SOIZ]1(190)2) ol 22U 5 U},
22]5(191) o] &3] @31 BESOI (Bond and Etch-back SOI) ¥ (USP5,013,681) 2 2 FLD7}
FA = 015247 B U= S017]1#(190)& ZA Y (polishing) 217 (etching)sled
AAZ & dok. Ex= w7 9&E 3= 7)1 ¥(Handling Substrate, "i77)#)-& AM&3ted, SOI
18-S wiAZ e Hetx, OI7IRo2RE IFE £33t mArigez Agg 3?— |, o

Al w771 B2 RE S0I5E AIAFToE A F vk, A7]oA 9 wisfr|ae Ho|2rw

B} 2o F5e Jlwol B F AT EE oAZIBE AF(Vacum)E ol &t @AY M)
Z2 Aoz WFFR OIV|Bo2RE Agdn, FAZ02 A= AFFAL

2 017188 AAS A AHsta, 0IFE F7in Uex] S0I7]Ho] FAFT o2 HE £
2 wo], AdFol LAY F A= &4 (Damage) S HA3)517] Y Fgoltd. & USP635550100 A
ot Zo] Egjuto]=(Polymide) & AHE3t SO17]HE wizf7|dx A 4 U}, SO0I7]Be] ¥
2] F ol & CMP(Chemical-Mechanical Polishing)& A3l AgddE @Z2A WA FHe EF

de 29 5 Ao}
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<85>

<86>

1020&047515 =8 dx}: 2004/6/14

SAA 9% A &= (501

ol

Yol FAE ZTol:= N8 FLDE A3ty ¢ Ael7x(135)8 A
@t Ae F2(135)9 AXdlE S0I ¢ A7Hshs EWX (Trench) 71&e] 2t £§ o
el ] dd(Die Saw)= 8oltAl 37 Yot REEAF Alolo] EA = EDFd(Scribeline)
A9 VIFE EAXZ 2z}, A F2(135)9 Al FLD st AF(121)2 AeHo=

FJAAHATH sHEAZF(121)9 A WHE E7a-7colA] A™o] "ol A FZ(135) AdA 9

FLD o}&foll sl

rr

AZAAH(13D) 3 AYFE(135)9] HAEL, 0I7]1F 93 FLDE A= a4

A A Sl ded Fol wlol27]w(180) #9 ARIAHR T FAHE FES E2 NIF2S

=
+
ofj
L
ald
I
ol
S
¥
i)
o
%)
e
oflt
fu)
i
0
rr
il

T4bol A= SOIZ71H(190)9] QB EQ . SHAIRE

SOIZ1#(190)9] AR B ZFH=9 R A Z(121) Alold] = & AP Z(189)0] FAd=o] A
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1020@0475 15 =3 Az} 2004/6/14

(189)& Z& Al°lE dF2=2 o]8E + o, & =& st7AF(121c)& A3t FLDS

It
L
)
ra
)
I
o
rr
=
4y
flo
otk
ox
)
+
1
¥
0

<87> B ko] QlojA e FLD ICH2 ©F 2 B4 0IF2E 742 7 v, =13 39
A BoE FLD ICE S ©9 NVIFLE FAE A-folth. EbbolAE HE9 S015(124, 128)
2 o]Fozl 3slte] FLD ICH(105)& BoFETh. A7) FLD ICF(105)2 FLD7F A= 7] A9
&S HAFa Ak, E5b0] We %] shvhe] S0IS(124) 3 thE dhvbel S0IS(128) Alol
ol dAAMe] EASHA L), wheko] BF9] SOIF Alolol] dZAXM o] &gt x20)A] <}
zo] dute] FLD ICE(101)3# ©-& dtue] FLD ICE(102)e2 TEHIEY. E4901FL, 3
o] S0I5(124)0] 3ol &Jdte] HAF(153)el AEdE Fol 22 WHOE EohE S015(128)
S A=A o7 FAFoEHN FAHY, E5hollAE B S0IS5(124, 128) Alolo] HAw

(138)& zt1 Qo ojzist HA(13B8) o2 H9 S01F(124, 128)0] A7|¥ o= 7t &

f”l

th. o2 B9 S0I5 (124, 128)2 &hube] FLD IC(105)Fel #7302 fed o8 g
FEe] tulol2E FAHAT F AEF Ik, o E 5o 3719 & NIFe=E 748 dhte
FLD ICZoll AoiA shte] S0I%F-2 n-MOSFETZ, of& 3dlube] SO0I5S p-MOSFETZ, o & sy
o] S dwl=E dutolx=rt B F U

<88> FLDE URb¥ oz 2ol wtmA] tlulolx 2 MOSFET, who]lE&}, tlole =, ASMAIY, XY 5
o] &efo] A}, CCD(Charge-Coupled Device)l} APS(Active Pixel Sensor)Z& g AFAlA]
2 A, =2 MEMS(Microelectromechanical System)7F 2 4 QUt}h. FLDE dwtx oz A7) 5(

T13a)elY AZ 7] 5 (=13b), =& o7 9
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<89>

<90>

1020&047515 =3 Adx}: 2004/6/14

ol %3 A A FLD7} 71&A otefoll e AT o2 HE Hojx &g = Yo, o3 d Z+¢

2 A3 Aste] FLDY RYL FAYFOE A F oldE HE Aty

il

(Trapezoidal)

£ e glojA FLDE BAste dutolaEe A FAAA AMEsHE 250 waiA 1
(High Temperature, HT) ©lu}o]Xe} & (Low Temperture, LT) ©lujo]lA22 FEHT, I ¢
ulo] o] Fahkake] wmebA ¢ (Vertical, V) tluto]l 29} % (Horizontal, H) Hulo]x=
TEET. A7]edA e A e g Hro] Au|dte vt tulol2e] F o] Fad FE A
Fo 8o 7z A e vy WYL on g,

FLDE ¥Aste 332 800T olde] 1237 650TC o]ty Ao Al 753 A2 78
2 5 Aok, & wHAE oA AF 7 e dnte]~E HT-FLDZ, A2A Az 7hs3
tupo] 25 LT-FLDEF S 93| FLD2}t 3712 gtoh. fubsie 2wl g 243e] s
$e 2xoA AFEE 3a4 1Col7] WEelth. HI-FLDE ¢ . A2 Q1 cjutolx FA I vhIER]
2 ol2FU FYE ol A4sE 9t EXHEst /b, HT-FLDE YwHd oz wixH)

o] 2ol FHolu}b 2 e BE tjulolaz A Zo] slsslt). HI-FLDE TA3H7] aiA

rr

Eda~doll YeldEs HA3F(153) Wl sAd(132)o)v dZ2A(131) 8 & LEAME =X
&= ©@=2S(Tantalum), E3 B d(Molybdenum), 8 2~ ®l(Tungsten)d} & WYIAH 25
(Refractory Metal)olyt 2] (Copper)ZE FAslojof dtc}. T3 o] A7) (180) % 800T o4+

o] e exdA AtE Bdolojol @t
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<91>

<92>

1020&047515 29 adx}: 2004/6/14

£ 2o A e LT-FLD(ZF2 FLD)9] A%, 3ol Ba3 E-EFTECl Hulolx 3™

£ ZtA &g S0I71%el ojn] FAH HIAdFez ALEH7| ol FLDY AlztA|o] =z o]

ro

FAT 1LEAY, 28 o2 FUL AT AT T L E A ¥=vh. ®Hef FLDE
=

5 227 92 v A ASE AFRo] JHEET. ES LT-FLDE 55292 3 AoEQ AL

LT-FLDE TFAdo] ks tutol=E AP E 71X VFLD(Vertical FLD)7} ¥wr3 o},
fkstd 923 SOIRF=AS <toll ojn] FAYFor HIFFIHNE e E-EC &Ast, 3
BEAZo gdAdo] §o]3l7] mEeltt. AP FE 2RoME o]2F9] glo] FHo=2 F&s)
= HFLD(Horizontal FLD)2] A|zto] 7}538lth. MESFET, MOSFET, tlolo =, 52 43 nlo]Z&
EW@X2E F9 HFLD A|&o] 7}53tel. E6aolA et ol ARRF Ao 22o]j= PR(Photoresist)
oju} Bt=vlAF (Hard Mask)ZS A ZwpA (1718 A48t G2AUEA Y AR E 2 7ztsld
E6bo} &2 FEIF ©rECZY. Z6be AlCE(172)7F £E7] Hole =g A e HFT
o= @ MESFET®] x5 71Xl HFLDE UWEdt. &2 HFLD ¥l=9] st A S (121)0] Alo|ER
A= $£5 At Z6bE E2004] 11322 T AE FLDE YelilE Aojth. E6bollA] qhek A

O]E(172) o}l Alo]E HIASE 71X A MOSFETZF 8. && E6bollA Ale]EZ} € (Ohmic)
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1020@047515 =3 Ax}p: 2004/6/14

AEg 1A, nddo] pRHoR HHW £REY wolFahst A, 47 £HEA ulol T
glol A nt @0l Fo2 AIEHD p G AF(172)0] YT ASHW FPF A
gole=st B, =@ sAlo]E9 AHgglol n FHoE AYL FTAL & At

<93> VFLD(& & LT-VFLD):E MESFET, MOSFET, thole=, AsAlE], A7, ulo]Z e}, so]g] 2
(Thryster)59] tufol2rt ° 4 glon, F& sujel tulo]2r} ohd, H28 748 4
£ olg He R FL7F £AWgo s waglel A2Y Fevt B £E Y. VELDE £

Fejo) tujo]2s} A vlolx VEAIEH AR AAH) A WFo 2 HHsH

¢

<o Elo] thsh Qe A9l 2ole FAYEY Hulolx(212)she Tel £ wgel A9 VFLDE
A3 29E, Jeln WA B43% Aol 43 AfAUT. A7l A gEE o
=

HESIAY &2 AAAE Aol & Alo]E FLo=2A, tiuto]lx F e
2
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<95>

1020&047515 =3 Ax}: 2004/6/14

o
o
£
9
[>
_%
._L;
rr
(o3
-—|—l
£
©
oS

T 22/EdQog 2o EEE 998 ZHEY
d287] AA o] BEEYGHol FHozE AXEH ETYEV} e THEE T A

2
B2 7 Ae FEY 9L AT k. WA AYreoMe oz R Y dAZd" &

b
~

f
-}
rO
=L
4
Lo
2
o
o
N
o,
X
)
T
\J
—T—l

N
\J
-—T-J
o
XY,

| At Z20A ¢} o] £ W] WE

1]
—
[
-
[
Z
f
g
(h
o
fr
ML
I
g
flo
o
T
o
ey
—
<
[—
[—
)
lo
R}
S
»
L
L
&
-
[\)
Z
2
o,
0%
)
+
30
(o
B

VFLDQ] 7 $-o VFLDS] 3t d9e dASE 13(123)% FLD ICEF Y] #¢} oldllol] X =i
E3 FHAo] 7tsdtt. 3 AIFL FHEAAu A (Local Interconnection) o2 22U F%

Ak, ol AE fulolxo] 3R Y AR AL 7€ A7l s 7SS

2 &Rl loiA FLDE ofd 22 71w Aol AHgd B5S (123 A3t A, 3

AAZ(151)0 HFAH AZAA(131)9)] vz dZ2"E & JQoevmz | FLDY ol REEL ojn] AF

i)

ZYEZ dZAHO & AEZE €. B e mE FLD(11Do] dolA] sHE-d S (121) 9]
FLD(111)9] =] FAd g HAF(151) At AZXA (13D AZAH7] HsiA = FLD |ZAA

(131)°] M2 HFHo] Hojof git}, 7oA el HEL A T AFSEHE ARIAH v}
AU Aol oJ3A] o] FoRit}. HAIRE AL FAHANAM Y HES FELAE JHAH ol 3

€22 JFLtol A FLDO| ofefoll FA4dE AS(121)% AASF(151) <+ AZH(13DH AH
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<96>

<97>

1020&047515 =3 Az} 2004/6/14

o] Fjojof Tt} AutH o7 Eo] HAFIH BE4o dAAS Ze= HiAes AME U2 dd
ol &= GZ2XAQBDES AZd7] A3, =20 Yo 9ol ZF FAF Aol vl (132)
o] ARE L AZMARY QA AFEEIA AR /A A 38 HY oA AM=2 A4E &

N==F 3tn, olzigh 72 (131) Atol9] Hid(132)9] AL A vt A (Mask)E ol &3 AF

2w E E7a 2 E7boll A9l o] FLDY ol & (1242)3 A7) ol R E(1242)3 d 2
He AZMA13) T FHo] AFEFHE viA(121)9 Ao AR mfA3 9 AN ZTAS Ho =g

stA %= A& E (Auto Align) 71ES AHERH. SOI 719 Hel AMHALD F55(131)

o] drR.R o FLDO ol FE(1242)29 FA M (Extension) 2 AIEEH 1 A7) 453(131)9 ©
2 YdREE2 AT L sl FEoFE AlEEHY. E dYoA= AU F5F(121)E st A=

olg} Jhrh. E7acl A&}t Zo] A2z vtA23(173)F ol 83t FAA(149)0 2 FA

(i
o
A
fllo
i
)

3. E=7bolAE 2ol Z A E AZ4uA3(182)8 BRAFEY. ArlodAM 9 Alztuiam
(182)E A}83le E7col BAX= A3} o] FLD ofzo] HAXM131)E T WL ujA(121)9]

AAPdEATH, A7) vlA(121)9] Hols 2ZelAF(182)F FLDY] ¥o)] ojldoe® T84 EX3 &

of AxxzZto g HAT o= FLDEoI2 g 5 vl o]ido] HE HolE AT 4+ Ut
X (121)9] Yol= stentA9] S ¢ FLD o], FLDZHZE, 181 AHo]4(182)E 3 A s}

T Azte] A= mep @b}, vbef FLDY Holrt ARIEA Y s gex BART AW
A2 e FA48lol SR ASE 4T 7 UG

€ ERolA VFLDY FHAFLE g TS WYPeE AT  Uth(=8a-d A=), AWM=
Best A5 F4goltt. BEE FHAS(123)9 4L DA AL JHE 2L =23
¥l CMP(Chemical-Mechanical Polishing)¢t 22 WRo=2 WIEZS Hosistn, a4z
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<g8>

<99>

<100>

1020&0475 15 =9 A=} 2004/6/14

(Dry Etching)& st =8aclAet & Hed FHHF(123)& e + Yo, old AF9 =
AZ FAsE ARKTAL A7) A7 Holy Fo) AH8E & o, ol RXHE WFE
A9 FAE AREH O E VFLDS] FolBth ¥o}h. %3 oW VFLDY el 124zt 2 2E

VFLD7} A S = S015(124)2] &4+ (Damage)S WA3l7] 8§ 212+A A= (Etch Stop Layer)©]
ettt AZAARFE vt or Fao Agigoly A e F&EFO0E FAHEY. =

8aoll Al FLDY ZAgFX(135)E AE FEE(133a)2 Hers A= e viosw
A

sHEAS(12) 3 Fastd FHAS(123) Abole 71 BAFY Z71E A o
FRHAE E8boll Aot Zo] 7o)X (123)F °] &7 WHolt. FHHAFTE FAHste 2 oA 9
Holrt a¥ S0 25 FHYHES FAo] gAY & JAEE 7] =1,

CMPE AH838lA] &= o] Urt.

A A= tufo]l=2 FAEHA] = © U] (dummy) FLD(1242)E ©] 83 2do]A wWo|tk. E8¢
oAlA Hekglxeol BirFLD(124a) & tiubol 22 AMEEE FLDS} 7h7to] 913t F3HH 5(123)
o] A HE &HolA e WAL FIMAH, FUHAFTA23)F4 AZAHE Y E(123a)7F v

FLD(124a)o] ZH YUYolE HE=g Zue P49 ule ZrAZT, E8collA9} o] tjupo]x

-

2 AL8-= = FLD®F YlU|FLD(124a) Alole] A-les 2#0]A1(183) FHA¢] Fulrt} Zropol i},

UM A 2 =8doll 419} o] gFe AHo]AE o835 WA FLDY 9= FHA2(123)S A&A)7)

© WHolg. FNAIEZE =23 Fo AFHOZE FUHFo| FTYE(123a)7F AP

fllo
N
A
ki
L
i)
N
4z
glis
o
)
>
i)
ih)
;E
k1
0
o
L
.
flo
K
o2
L
i
i)
L
L)
ol
fo
>
)
o
X
o

=]
T
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<101>

<102>

102(@047515 =3 Adx}: 2004/6/14

, TR AEAFTDA 718 ASAEHE E

FLDo A AR A =(122)2 E7a0lA9} Zo] S0IFo] SOI7|HoZRE] AAF dEd Fo A

FE2(122)% N0IFHN =X313 FLD7F BAFH = FE&& 27 AL o=

Z7poll Ao} 2ol FAdE + Ao, =8dollA et #Zo] FLDY AFAS5(122)& |23 SHE

(122a)= FLD9} Hol7F BE AFolc W3 oz 2ols WEA AR &2 AR/HA7 <&

Abg8 = k. &A% FLDQ] Hlol7F ERE(122a)9 FA A0 A& HE AR FAHAA S HH
o9

LAMART AAY 2 ZYE(122a)9] A7]7F FLDE TA8hs S0I(124)9] |- E T HO

, ARASE AFste FTHE(1222)9 IS AT AR/AZ 3AHAA FHHIF(123)Fe] A

I
kl
o
ftlo
e
[o
1IN
>
pach
0
£
£
x
yut
e
ol
flo
=
o
Lo,
o
o
2
A
o
2
ih
gt
o
i
i
(m

(122a)9] A

olth. FHAE E0aclAet o] BEs} V&2 TE HZAFAFT(184)F o] 8T WHoln. A
AR = EopollA et o] 2dolA FAH7IEr TE AHAHASFT(184)& o] &3 Wioln. 7]

of Ao AZyPAF(184)2 ZHE(122a) F4 210 2Zbo] He HAS(133c)3 vlmste 2]z}

£E7} e gholojol @, olE SolA BAZS(133c)0] Arshold Azt Z(184)0] 2
2
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<103>

<104>

<105>

1020@047515 3 U=z} 2004/6/14

£ 2ol

= O

fr

Fe 250 FAFHD F2oz2 FEAFE oz ¢ FeEe] VFLDE U3 ¢
o] ¥ 7)%+c}: MOSFET(VMFLD), MESFET(VMEFLD), tho] L =(VDFLD), A 3H(VRFLD), # =A]€]

(VCFLD), u}o]Za}(VBFLD), Aholg] ¥ (VIFLD).

2 @o] mE VDFLDE =10adlA 9} Zo] £x02 & pnoly p-i-n 59 Y tole
=2 FAT £ Jdo. =3 Z10boA e gol Ao Z H XEV] tolo g FAIY, F&
o= B ARAI122)F 01(124)9] FFFERNAN AEZE FHFTh. 2L E10colA et Zol

TE0E @ FUHIFU23)E £EIR o] 8T 33 729 AEY] tole=rt E & Ao,
FTHAF(123)& ol 83 £E7] o VWFLDE A {9 EFol Y3 (Anode) FHAF(123)&

23l AR AZ(122)3 sHEA=(121)9] 2= (Cathode)o.2 T =222 Z10bdlA S £E7] o

E dtdgo] wrE VCFLDE 27HA 2 FEEY. 3ty += VCFLDE FAste ©2A ¥tz x| ko] A

CHE S E o83 MOS AFAIE FE o] VCFLDS}F, 3F 359 FAdgle] AAS AbolellA st

e
2
o
o
rlr
B

ASE o] 4% VCFLDE TEE = dot. greko] dlxA|e] =o] oy wix
Atell FPFHol FASH T, w2 A9 EFo] o REARI] FPFHo] FAFHA
ASE o] &3 VCFLDZL &k, & 2o wE VCFLDY dl= X1la, bell yeb o
TllaolE n o2 =3 (Doping)® ©Z2A HFEAI(124)E ZHE AlolE AAF(183)°] Ux
ACIE HAAF(183)E A E AoJEAZ(123b)% n o2 =39 42 vEAE ddste
ASF(121)0] Zzt EATTE. o] H 9= MOSHINAIE Fejoltt. VCFLDAIA Al E(123b)= ¥t&=
A dH9(124)9] LR Fol FAH FAHE FE Aok, 9o =Z AGAE Y &L AT

HAA o] vlElslez YA (124)E A M= AlelE(123b)E VCFLDS] £3S F7HA]7 ).
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1020&047515 =3 A=z} 2004/6/14

<06 2 Lol mE VCFLDA| lojA] RER FHL /TR A HEA st A=) AEAF

< STMAAM AFMAIE Y S TIAE F AT B E11bAlA Eoﬁﬂz—;‘fol stte] VCFLD

H

| Holl =TE Alo]E(123b, 123¢)9t ETHE Alo]E HAF(183)& WHEZH o R ol A og

AAdFoz THY ANANEE FAs, oA BoleW AAIE 9} VCFLDS B A A5
AMAE S £FE AL & Uk ol AMAE ] AL DRANS] 2ol HF
(Stacking) AIAIE|S] Fx¢ 2. E11bolA HE(121a)= A5 AFAMAEHE d2st= A
°| E(123c) et VCFLDS a5 =(12D) < dZ&st= &<

<107> wlo] &} gele] VBFLDZ} =120 y}glth. VBFLDolA Z €] (124d, 124c), Hlo]2(124b)¢} o
B (1242) & T3t ETESZTS 0171 A A8 Fol AGHr, ouE(124a)9
FE (1240)9 A HE AFL VBFLDY obal (12109 $1(122)el &3 wlo]2(124b)9] A ZF

3"

(123)2 &

o)

of 48t clvlEl(124a)2] F4L VBFLDS] 9 F& ojai%e] o= g ol 3

4 %

lo

U 2 2ol e otdlFd 4 H Jo. o B¢, VBFLDE FAst= @2 A v

32

EA(124a-124d)7F SOI7| o2 H-8 A EH7] o]AHel= olv|e{(124a)7} SOI7]#H9] f1ZF &

X

Hoy, o] Aol clmE(124a)9t wlo]l2(124b) B2l F Ao AolA Fo] Fugh go] =HS

ﬂll

& g 9on, SiGeE Hlol27t A3 e =AM (Heterojunction) = 7Hsslan, EaA wix
A oulee] dFFECFE AL sle dv|HE FZ4AH 5 AUk, T3 ol0]E](124a) 7t VBFLD
o] otefiFo] AXFo R At GAH WNEAFo] OI7|BHoZRE AGH Fo AAsle &

274 WxA 29 Jus gPorsEH HAT F Ue H=A FA9 WA ERE oujg 4
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<108>

<109>

102(@047515 =28 odx}: 2004/6/14

S gl & F Ak, whekel misirIRE AMSEe @A e RFo] AEE FFele lvlE

7} FLD9] %ol A |Brt.

2 4oz PP VBFLDE FHEH Y AFAYS EF7] f3 A@7=ddA ol&H= 25
il

=9 Y= (Buried Layer)olt} T THEGAD YE e ABelE REE BEE 59

olft
9
i)
ko
=0
)

4
(o]
5
X
%
N
>
fu
2
4
it}
z
S,

Ze} tulolzof uvte] & ZHE AHAF
S zrE=vd. X VBFLDE F3tol] A s $3HA3(123) AY94=(Surrounding) Hjol2= A
43t o]l A} Hjo]2gd o] vy WA o] Frhsld 315 x=9 A (Extrinsic)
o]~ FFo] FAQUolE Hlol2o AFE H@E 5 U, EF 2 ¥ges 7A€ VBFLD=
AP 71z At viol &2t dulol 29 n&F2E HaEldts A 7|8 AAAEHE HAi s
& o, & dHolA VBFLDol = 7] &o] QI7lwi&dl, A& 7)sA YEs Hol=-F
E-7|#oz FAEE 7|48 vtol&Eate] PAol B Ao = AR K=ok, & YHo R
T/ € VBFLD= d#71&ddA a75H= A2 AZA e (deep Trench) Yt =2 21247 2] (Shal low

Trench)9} 22 48 & FTFY FdgF2E 39 A F+R(135)2 dsAld = .

f l

E119]A4] Hjo]lx

m|m

AA = FHAZ(123)0] F2 559 FTHE(124c)9f Zo] AZFHHE o]
2(124b) <} ZEE|(124c)Atolol £EZ|Hol =7 FAI=o] VBFLDEY 1% T2 7V A ko).
MOSFETE e} & 2zt VMFLDE %8a-8d¢} 9a-9bol EA|E o} Att. =& e]e] MOSFETE 7]&0 @

2] 2ol= 3 FH Hzleq H2 WH L Hulol2E FA st A L =(integration

[P
4]
o]
@
<
At
Hir
(hA
N
50
I
ON

} 74 3} MOSFET tiujo]2e] 2 s del Aojr} ARxlelyt 2 Z}7] &0
A TR Fevs A3, 28 ZF2 Mg do](Channel Length, L)E &= % FH 9
MOSFETR.t} 2% (Channel Width)Z S7HAZ2 F QoA B2 AR/E 754 5+ I F
Ho] A},
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1020@047515 =38 Az} 2004/6/14

<110> 3}R| gk M 37| sof] 22Q1 =2 FHeE 7}ZIMOSFET(Vertical Transistor, VI)2 t}go] A"

o2 7HA dHER JalA Hol AFSHA et USP54142883 USP6027975%5 0 229 <3 ¥

ele] MOSFETS ZH- Aoz w9 9Z2A Jdo dZ2A oy (Epitaxial) AFAIAA 24¢E

N
)y

qe FHsE 7|

o5 o] 7l AF Zlgo] g B3I oy HA & d& a7

slog @ 2

i

a7els wEA Azdds At et

<111> JSP63372473} USP6449186 Soll 221 715 HE]E 7}x SGT(Surrounding Gate Transistor):= 7]

sol HAstd 719 3 FHY Hulol2e FEE7] oL, o]2FUL T ETE FH
Al Aoz M= 715 FE e EWAEHZ st 25 F H(Shadow Effect)E A2
T k. =T ST 22/=8Q 993 AlolEY A A4 o5 Zol 7] WEdl, &3
FElel Hulolzo] HIEiA 2 JHEE 7RV JET. =T HAHsE 7€ 3% FH
Hutolael &S] oW 7] WEel, dg7is] 99 F 2 FE EF7F SoC(System on
Chip)E T8zl g3 71&o] ofy.

<112> 2 drgdof A o] VWWFLDe SR F(121)0] vl2 2A/=ge) Hete 7] BA 3o o5 AL7st

U ARFFA2E ¢ & Aok, =3 WFLDE Ad97|&H ulirtA 2 2183 (Full Depletion)
olu} X E-FH(Partial Depletion)©] 5= VMFLDE FLDE ¥ A3t =WFLDS Zo wa} {5 A
ZHE ¢ dok. A7)eA SAFFEH} FEFE S A= WFLDY £ 53, AlolE<]
TG &R, olE 3 F IR Y

FPolM Y T FYoz FAsE SOl ot

fu

P

o} =
olzoll A= F&EBV] Wi oL JlEoln. 017172 = @Z2A BEANFTe B

2
o], WFLDY] IFx &2u F& =8l g9 5§u Hell 22 Aol o= F
BB fulo]lzet D] AolE HEAF Y FH(Quality)d] 23F& Fx &on tjulo]x9
3oy F&(Yield)ol vlXE Fdo] H.
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102(@047515 8 dx}: 2004/6/14

> 2 owge] WE WFLDE Ade] FHHE GG BeBol BFYSA BEsted, Ad FYol

A AFI 32 B3 o 2 AR (Electric field)d 7]€717F AAA AFeo &

o
il

gk o)A} x] 2 &7 (Short Channel Effect, SEC)E Zol= dHo X5 712 & Utt. A 7]A

L
M
H>

E9 E4YE FX= 0171 A o] 2F ol o ZAldd AA2HA FH4 €.
222 RE ZdEH e Ad(Channel)ol FAHEHE 499 527 F718t= o83 E4YT
EX &= WFLDE B U A 528l vhet}h. 3 2o @2 w29 BEFES< LDD(Light
Doped Drain)7} 13 =&l st LDD7IE ¢ Y ETETERE TE F do. d#7izdd A

o] =P o2 F33t= MOSFETOA o83t B ET-E £ 8 wE4H 71271(Tilt)7}
2

r

2 ol2Fde T FAFH Hulolx XM oJHE T

<114> B wldof] wlE MOSFET e VFLD(EE 7rds] WFLD) 2l AlolEAE I =L USP5330935L

USP5443863°ll 419} & 650CH T @2 2%oA AT = A= EAr3 = (Thermal Oxide)oly

K
au
R
2

slet = Abslerat A3eS 3 ONO(Oxide-Nitride-Oxide)Y NO(Nitride
Oxide), BA7F #7119 23 (Oxynitride) 5 A d7)1EolA] 2ol= AlJEHAFE FojlA

650TC o]de] 11

rulo
>

b

OH

S AL A9 BE AOE HEE EZE A8 F AY. &

il

A

wdo] wrolE AL A1203, Zr02, Hf02, Y203, La203, Ta205, Ti02, BST S53 o] AdA+
T(Dielectric Constant)7} & 22 & AOEAAAZ ALL3t=d gojA] Aggrierwnd #23

O. AgrlsdMes AA4TF7 & AlodlEEZE

tlo
H
H
roL

Fo] #2/=2Qle) F8 BeEe

243517171 AF 12o] Fasty olu %

i
2
o
e
_\;l_'
s
o

2d9) S4o WY & Aok, #A

2 VWFLDY) A% FHL & 252 Q78X RooE AojERAS] HA4 olFdE AAY
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1020&047515 =2 Az} 2004/6/14

o

F7F & EES AdFZHOoE AolEFAFOE AIET F v, X3, VFLDE] Alo|EXEASF &
d Al ALD(Atomic Layer Deposition)& ©o]&3lH Fr] #U% gtetg A& 5 Y.

<15 2 odregol wE VMFLDOl floiA] AlelE ddF 9 FAE v AY, FLDY FAE vHrolM &

&l A4 (Threshold Voltage)©o] THEVWFLDE AT 4 AT}, AolE HAF2 FAE <2 3A

£
i)

A A7t g8 E2E ZH7] o2 WELDYl AFE3tE B3 Ay EEAddde] 4] ge
VMFLDE FAlol 4T & o2 2, SoC Ao Z=geo] . = £ Lo x 9 WFLD=
2 ZEAA AFHIL, HE FHAFEES ERE ACIEE WE F AV W ], dyrs
o] vt F&& AlclER 2 7] HFsir.

<16> Mg 7)o glojA] fAE $&ol 2o]= MOSFETS AR/ Ao 3rdl wabs ond 1" &
2 "off "¢} "on"C® FEEHE F 7 FFHY 9E @g AT, B 29y ¢ 2 WFLDE =
13a¢] YobdeE AAFYE o] =ddat 22 TR FHOR FRIE E59 AoE
ot oertA] & e 2= dH AR Multi-Level, ML) VMFLDE BA € <+ ¢t}. VMFLDO

A AFAZIE AlolEQ] Hold vagt. matA des] &S Holg e EF9 AoEE
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<117>

1020@047515 =38 A=A} 2004/6/14

o=z F7tsk

i

AFE 2= WFLDE BEAY, TL U8 Hols ZE B9 AoEF shio

VMELDol| A}23le] thekst A& S = ML-VMFLDE A& 4 dth. =13b=E "W 37|18 2

i
N
N,

fr

= F/H AlelEg} 3w =7] T AolER FAEE ML-WFLDE R A Fct. 7]
Aol e g 2 gukAEQ =2E ouiEtd, 3w "Wre] 3Ei7t He e Uit =
13bell Yei3lE, oleldt 47le] AlPlEES] ¥ o2 ML-VWFLD= "0vollA] "8"7h=] 9713 9] th&
e AFE BATSFUT. weF 22 Yol® e M-WFLDE 9719 te g sHAHY =
13acl A9} o] 8709 Alo]Er} Bestt}. ML-WFLDE d22y £& fxgd =3 tjulo]x9

S8l 2d F Ao, dHAEE e FAHASF2 MOSFET o]fjdl= & F/F2 vufo]io

AHEE F Yok, ol Z A E Holxd dZAHE B2 FAHAE FUHIToE dHHE S T

B 2io] wE 329 ICE TASHS FLDE MOSFETU; vlo] Zabe} o] ¢ selel ojn}
o2 uto] oy, B9 T tinto]xr} dte] FLDE ZEe FEE 71E = o
Zl4o M B 2goz FA4E VFLD 729 AHEE EAEIAT. AHEE FA43=
p-MOSFET®} n-MOSFET2 z}7] 1 & d(well)S 873X Yoz L IAFEE 712 & Ut
p-MOSFET®] Alo]EZ=(123d) 7 n-MOSFETS] Alo]EAF(123e)S AZA3 Y A E 9] YHol H
= ZYE(1231)7F 31, p-MOSFETS] = &) n-MOSFETS] =3@0e AZA3le UABE e 8o
= A3(123g)3 Y E(123h)7F Yok, £14914 9] p+-p-p+E o] F o] X p-MOSFETS THEE=
(Depletion Mode)® & 2}8l=p-MOSFETo|t}. o 7]o)| 4] 2]p-MOSFET2 pt+-n-ptQ 2 & o] Fof H«

RNew, olFFole ngHol 7IEH¢e] JtafiAordtt. 1404 et o] B 2 ojA

L
o
o
ra

3¢ AAsE MAL FLDAelS FelTzel EASE dAF L BENE THEEZ st FLD

%9 99 olelz AW + A
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<118>

<119>

<120>

<121>

1020&047515 =38 d=x}: 2004/6/14

FLDE o] 83 Qe FAL, 3}e VIR FAHAE Zl4olA = g8, E5bolAet &
o] £72] VIZS o]83}d 3} 9 S0IZo) =n-MOSFETS ©}& 3}}e] SOI=o =p-MOSFETS =zt
7zt FA38td shte] FLD ICE 3tue] Mg E FAT + o,

2 2y o2 39 ICE 743t 559 FLDE o|&3std 22 (Memory) Tlulo]AE T4

wd T140] Yo} 9= A3 22 VFLD Fej9) QInlE] Frt wlolA ¥ix A7) T

¥0
rir
ol
)

9] S~ (Pass) EWUX2EHE o] &3], F67]1e] EHNX2EHE o] 83 SRAM(Static Ramdom
Memory) AA(Cell)S FAT 4 Uvt. F7/19 AW E = VFLDE Ho gor =2k (World

Line, WL)3} H]E2}QI(Bit Line, BL)E Z+ 2709 A (pass) EW A 2E|{(161a, 161b)& H|o]

[>

N7 Yol FAHETh. E15a9t E15be F7He FLD AV A 3htel iHg & st

o] &8 dZsta stvte £8& thE sty Aol 2T A (Latch) FHE 242 S (

T15a)°4 2 W(XE15b)olA SHEE wjdoz AAT a¥olth. el VFLD AME|S] 9
1S

EE(122a, 123h, 123f, 131)°l] i-g3lE= ©f2 e

123f, 13D WEE PR BASAT. mbA ze wel B2 ool SRaM A T

E p-MOSFETE $1% n-well®] BAdo] Q7HA forv2 wojx yE7|RoM B & 3
A

AEE M & Aok weF 479 Wz E

sl W olslolE B waol mE sRaM A Aol oMt Had Wl sbsad.

S
3
2
e
z

o

|2 W= 7] %ol 4702) n-MOSFETS #4333 2709) p-MOSFETS FLDE #Ad3sl: 6
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<122>

<123>

102(@047515 &8 A=z} 2004/6/14

He] ERAZEE o] 83 SRAM A, FHAIE wlol2x RE=A|7| g 27]9] p-MOSFET-S A3t
471 2] n-MOSFETS FLDE FAd3te 6702 ERALEE ol &F SRAM 4, AlA= 2719 FLDE
Bl o] p-MOSFETS &tuhe] FLDZ ol HAd3hat 470¢] FLDA Bl 2] n-MOSFETS ©hE 3hite] FLDZ
FAste 67018 ERALAHE o] L3 SRAM A, UlHARIE 4719] ERX2E 9} 27§19 AL o]
{3 SRAM A2 EWX2E7} wlolx W= A 7B AU & 3] FLDFOlA FLDE F4

H9, AL o 3] FLDF A FLDE EAFHAY 52L& OZ2A vt Az 74 5+E= SRAM

A7 g A Felol Aolgl 28 & o] &3 SRAML st wt=A7ld Yol 3 Fefe] MOSFET
A AMz EWAAN2E S FAFH Rolg=ElE FAld FAASA AR} FAHo] BFstn e
Fe o] tutolz9t IR o FAHE AMEIE R SoColl AR ¥k, Elfats £ 2T
G2 AolE(123j)E ZtE VIFLDE ©] €3 SRAM A& RoAET. F3ATU AlolE(123)E
AR A=el(Wh2)e 2 2oln, AR A3F(122) 7|EAL 9249, 2 2y VIFLDE
Hlo] A gt A 7| ol Fd THPHO AM2(Access) ERA2E (161c) 9 dAstH, z12te]
7152 HHgst JHEE FolH SoCo L& §olatAl k. A7joA A= EAR2H
o] Alo]lEx AWA IS ZE 220t} E16bolA 2] =ohE HFeje] SRAME-LS X16a0
uetdes A e A2 ERR2E(161c)9 72 FH o] Rolg|2HE A& oz AFd)
o 2 FHTE 2= VFLDE ol 8% SRAMAES BEAET. Molgl e Alo]E(123))9 A4
2= (Access) EAR2E 9] Ao)E(123i)7} EF FHdFo=z FAHo] k. = 16a0 49
VIFLD:= USP6225165B1ut USP61728990 41 ¢} Zo] @502 SRAMAES AT % AT.

2 el e o] ERR2E S stvte] AAIEIRZ A== DRAM(Dynamic Ramdom
Memory) 42 DRAMS FAd3t:= 3tue] EJA2EZL wlol2x vtz 7o QAW & FLD IC
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<124>

102(&047515 £33 A} 2004/6/14

Sl WFLDZ T4do] HH, o] ERAAE Y FEEHAX2(floating source)”t ©H& FLD ICFl
T8 sthue] ASfAE(VCFLD)9F G2}, VCFLDe] FH/E =lla-1lboll e} k. EE &
o] IZo 2 Y e FLD ICZdA 3te] OIZols EMAAHE, & st S0I
Folle AMAEHE 7St dAste Fxolth. =tHE ¥ e 9] DRAME 3o} FLD ICHS 7
Aste shhe] S0IF0 A&EH o R AFE dhte] EAA2E S shte] ASAERZ FAHAEHE

DRAM A& FA3le Wyoltt. E17a% 3huhe] MOSFETH el g F S ol &3 AMAE}

Agd Fxolth. ARAF(122)E ¥ERICE JdAHL, FHAF(123)L fJ=ekle=z A
Aoldtt. E17a0lA FF G Ho] FA=E E2H nt 22(124e) 9 AT Hets p 29
(124£)& AHAAEY £FS F7HA1717] 98l EdA 2 EY B £8 z2ts FXolH, o]
2 HS Fo ddA vixA 9%, F7H AP - flo] E7a-TcollA ot 2 ZH o)A

71€2 ¢E & U9, E17bE 3hte] MOSFETAlA Z2® 225 o83 AAE ) dAFS

o] & ¢ AT} HE2 d2E FEold. A7dAM S2" R2A2E FAS=E FF p

ol
18

2 ZlEAYge dAFIH(PIEA]). E17bolA = AT (121)0] HERl AZA 1
FHAZ(123)0] YEEiRloz AZAHG.
2 o] mE |2 (Non-Volatile) w|E ] ¢ulo]lx FZE Zr= FLD7F X18a-18f¢ 49

Hol . =18ave T AlP]EAFE o] &3 FeolH, ALo] st AA &

fr

=294

L

E(floating gate)(123k):= Al]EZ AZF(183b) S Alolo] 51 p¥Eo=Z =3

=

1%}
399 7

) 4

T

uj

H3 glen, dgto] st &

mtm

Alel E(control gate)(123)E= Z 2 ¥ Alo) E(123k) <} 9]
Atolo]] o2 HHSF(183c)2 7HAH Z2ZHAICIE(123k)E 3 Ur}t. E18bollME Z2H
Alo]E(123k)7t pE oz =3d AdgHe] AR EaT FAET, Unz] dRE gidgdds

E 27 Aol E(123k)

fju
[

ZEZACIE(123)7F a3 2 Aol E(split gate) HEE 2E

Exhibit 1006 - Page 308 of 375



<125>

<126> B

1020&)47515 4 Z3 dx}: 2004/6/14

. Z18ce 379 AlclER FAHHT e Al E(123k), ©& e FEEA ]

{m

(123)°]21 Y™ A st A ZE Holg s A& ol@lo]ZAo] E(erase gate)(323)7F T A H
o} glth. Ei8d: TRHACIEYC] ML WEAZ & £ e ulo] 22 Aoj=dA)
(183)7} ONO(Oxide-Nitride-Oxide) 2 o] 1o, F3st= Wakol] oetr M2=ohE $](30)
of AE F8&T 7 Ath. El8edlA e £ o WE vFEA dv=Ee dulolxrt FA

(Flash) W22 & & JEF pFoE =348 Ha(bulk)FF S d71Ho=2 AAse

i

E(122¢0)E ZE 7Z2E BA9FY). WELDIIA Bagge] A7d &

N

I

= 559 34

2
3¢ AHgste] shbe FAA Qo] FEAM B3| AFHm, e AFe

AAAE 7HA L FFNA AolE HFo=2 AHEE & Ao

=

= 2o

k)

2 8|3y dvrge EoE AL ML-VWFLDS vizirtxl2 dE)gde ARE

2

4 7 Jd= stHY FLDE 74T 7 Ao, E18fo] Yoglxo] sty 2 x/=gRleg

24
-I—J

A8 FLD7} 8712 &EEE AlCJEE 7AW, 3149 FLb7) 8HIEZ A dE H=EEH7 89 =
18follAe] EHE(122c)v I E dA3H, YA FLDE FA43le S0IEH(124)] A& =

E(122a) &22=/=gQlel dZ"AT. T18ed YA E= HAXoz FAIE “756” & Z18eo] 4

shals

Y

18 B 37} FLDS HAE25FEH &5+ ZAdES Jvedt. UrA FLDE F443+=
SOId H(124)0] A3 FTHE(122a)F 22/=d0 dZ29). 18a-18collA A Ho U= H3F

S

273 vEEeA 220 =S P ETEY FEE A7 248t ETOXIMol A 9 2
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<127>

<128>

<129>

1020@047515 ‘ =9 9=t 2004/6/14

l

E g o 1 i9a,bol AAE B2 AAH FLDE HASt= 3ute] FLD IC

ofje

2 E=(block)o &

i

gste] 2282 27 e FF FLD tulol 2% F4EY & Atk orjelA Zzte 2=

Bl

A Yi=(Nano) HHvlE 2] Yol&E zZtth. X19a, be FLD ICE $lolA & ol shte
H(Chip, 441)2 HDd(Scribeline)o 2 FE&Ho] tt. odE o] 34119 FLD ICHl 4719
£ 5 (4132-413d) & RHEO|A, dlye] E5& =2 Yo] 7Hs% FPGAR, 2 3ty Flash
ez, & & 3y E5L2 vlolZg agu Ur A sty SRAMCE AHEE F 2

Hel BE&E Hiol aF7HY, o e B

B2 92 254 FAEHE LT-FLDY A fole 92 wt=AFo] AEE7] e S0I7

—)

ol
A olm] o] Hojof gitt. &5 FLDO FAHL Z|wAE w3yt 849 01713 wjoj2 7]
e AHEste 7ol a7dY. ojuf WA FAPA TAHE JBAHE AE A &
Z27t9] 7183 YE 22X A F7H(Overlay Error Compensation Area)(412)< v|g] AAs= Aol

Fo. A7llM9 ABAY LARFIHI2)Y Z& = vlo|I2uEA £ vlo]2u]H

@, AF7A w2 2] mE 33

ﬁ\_g
i)
»
o
tu
i

s8] TSR GFR T2

(T
H
-ir‘
v
Z
2

[
2
E)
S
X
-
)
%
o
e
(Vi
e
v}

=20at 7+ A (Ferroelectrics, 710) B8 o] &3+ # A Bl (capacitor) et 7] ATAH
of 2148 dZ¥E VFLDE o]Fojz v Ag w2 (700)9] FFRE BAFI Ao, ZFAAE

o] &7 HF LA W= Yulo]l~E FRAM (Ferroelecrics Random Access Memory)2 2 &2 &t}
. GRitR o7 Pole FHAA EFA2E (Pb,Zr)Ti03(=PZT), SrBisTag0g(=SBT), YMnO3 o] %
o oolgig AHAA 2L Rl AA (Electric field)E A781A = (Polarization)S
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She 540l Ak, =20a0 A1 9] FRAM(700)2 shte] A ASAE ¢ st 235238
T MOSFETo] AHAZE wAESF AFHold, shte vxed(cel)S T8I HEGBINE
A= AHg"Th. A7) VFLDY Alo]E(123)E Word Line (WL)oju}, =@1Q1(131)€ Bit Line
(BL), 281 &2(122)F 7] AdMAH dAHS, 47 & AF TGAH(122a)= Drive
Line (DL =& Plate Lineol&} Foh)oll A4d=d},

<130> £20bt A7) FRAM A (700)L o] &3 w2 FJzxolt}, ofr]o)lA] Sense Amp(770)E FAdI=
22 (Logic) YulolxE dwtx oz wolA 719 (103)0] FA = 3, FRAM 4 (700)2 VFLDE Hj
o] EWAX2EE Egsln, S0IF(101)0] Hxdct.

<> T20cE E20a9 FRAM(700) 270E o] &3l 3lue] vEe HEE A3 A 74

ol

<
o] FE2xolt}, A= A O Z Sense Amp(770)E FAste 2 (Logic) Hulo]l=E o
o] 7]3(103)° ¥F/d = iL, FRAM(700)2 VFLDEHIS] ERMA2HE X33, S0IF(101)] A
x|t

<132> £2lae A A (Ferroelectrics, 710) ¥tehg o] &3t A9} A7) ATAE ] HH 42

H VFLDE o]F oA u|3 A o 22](730)2] FFE BHF 1 o). olzd yHEdAZA FRAMS

(0]

E20a0l4 9] AEAZ ARG FAESTI wEn AR ARV Ao, e FHEF

(123)2 WLo 2 2olxgt T & 3y F3Hd=(123a)2 P E Aol Ql7bso] AA] A/}

Sote BHIZE FAIEAXN A7l AAA AsAE S VFLDE HEE dF AlE 988 g
<133 E=21be “37] FRAM A(730)& o] 8% wl=e 2 xolty. A7) FRAM A(730)E°] vBlE(bit) &

#AZ AA(Chain)xd AdAH] sto] vlo]E(Byte)E BT
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<134>

<135>

<136>

<137>

<138>

$20a%t E21a°lA19) 738 A A (Ferroelectrics, 710) ¥+2hs o] 43t AHIPA Bl = VFLDY ol
A3 Yok, X vtz A7) ZAHA A A AIE 7 VFLDS] oldlol] AXE = Yo, &

4}7] VFLD:= MOSFET©o] o}d wio]Z &t} MESFETS 9 Ul E el ERX2EII B 5

o

o}.

$2

£22a9 E22bt A H-AA| (Ferroelectrics, 710) Bfgto] 425 2+3}= MOSFETH e o] VFLDS]
BEoZ o]Foz wFHAA o2 (730)e] FZREo|Y. E22a+= I AA|(Ferroelectrics,
710) ¥t2to] VFLDell A shube] AlolE HA=(183) 3 AlolE HAS(123) Aloldl] AREH o
FRAM(750)& FAgt}. o]Z MFIS(Metal Ferroelectric Insulator Silicon)olgt &ct}. A7) Al
°o]E AA(183) YrH o F MOSFETNA AL§E= AlolE HFAge ov|siy,

A2 E48E(Si0g)olY 4kst A 3 et (Oxynitride) $°] 22Tk, Theko] E2230A] Alo]lE Hd

2}(183)%lo] ZAF-AA(710)7F A9 thalel]l A] = MFS(Metal Ferroelectric Silicon) ¥ Ej

E22be A (Ferroelectrics, 710) ¥Ero] VFLDOlA shute] =29 Al°|E(123k) 9t S E
£ Alo]E(123) Alo]ol] Al&=]o] MFMIS (Metal Ferroelectric Metal Insulator Silicon) & Ej
o] FRAM(760)& T3 &t}.

$20-%2291A A}8" ZH A A (Ferroelectrics, 710) 222 VFLDE FAste AL 33
A 20]7] Al ZFHAA(Ferroelectrics, 710) B%S =X s I 2571 AT
o] 7Hsd 660TC olstrt Hojok &t

%X 23a

flr

2pAdereb= (MJT, Magnetic Tunnel Junction Stack, 810)3 VFLDE A E A A% w3

A ol 22}l MRAM (Magnetoresistive Random Access Memory, 800) A(cell)8 F+XZ
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UeEbdTh, £23a0 A= ':}71 Z

-

Juteb=(810)0] FLD(124)8 & Adsl7] o]Aol olm] FLD €9

l

F AAF (133 FAAEH Ae FRE HAE

<139> T23b HA] AAJHMEEE(810)F VFLDE 21d AZAF v =28l MRAM (Magnetoresistive
Random Access Memory, 850) A(cell)d] =& Yeldt}. 2339+ ¥HdE FLD(124)E A
gk Foll A47] FLD(124)2] So] AHgduteb5(810)0] A H A& 7&2& BAFEH.

<140> k7] ZpAuterE2 Tl A7 ol oA H7IAFe] Waks HEE JHRIA Uk, A7)l A

9] A7ZIAFL AAdutahlle] Axte] B2 (Polarization)ol uha}

X
')
o
2
(i
£

. A7 Apd ekt
T2 el gro] opd oS How FAHEO vt ARkHoR T ME o 2gut
G332 Atole] ddFoer TAHY UH(FIEAD. o] AL Free layer® ZFsiz]
2717l oM ESHY, o8 sty AdRtee IdYbH 02 Pinned layer®
Antiferromagnetic layer$l exchange layero} 7 A& 9¥ 9] zpAel] osjr] EZ351X]
ot=vt, web A7) ARAJurebE S MIT(Magnetic Tunnel Junction Stack)elgl dtoh. A7) xHA
debEe Aol At Foie Adutetat O Alele] AAFT o R FAHE FxRO IFIHHZA
2o o & FFY 2U95Y £FoE FAHE F U AT FUl FAFY F
Foll @t IA F 7HA=ZE vdE & do. shve=E ¥ A4 =2 (Non Magnetic Material )& 24
so= *}%5}% GMR(Giant Magetroresistance)o|™ T& 3stu= 4t3lel 5o HAHAFE o] &3
TMR(Tunnel ing Magetroresistance)°]t}. E=8a®} E=8bollA} 2] VFLD:= MOSFET©] o}d wlo]lZzh}
MESFETo] € %= Uot.

<UP> T24= 71 A4E Y "ot (Reversible Structural Phase-Change Film, 910)3 VFLDE ¥ &2
gt 8|3 g ol 22]Q) OUM (Ovnic Unified Memory, 900) Al(cell)9 F+ZE uYelditl. £249)
M= 471 71 4 9he(910)°] FLD(124)E B4 & Fol 47 FLD ol #4350 & 7
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<142>

<143>

<144>

1020&047515 =g Ux}: 2004/6/14

ZE BAEH. Jo=2, 719 Ay 1heh(910)0] FLD(124)9] A ol el FLD otefiol ¥4 =
FE U (A=A, 7Y 4ay 9e(910)2 H]Z A (Amorphous) el e THA A

[+

(Polycrystalline) & E]9] AH(Phase)®olE QrlalFs AF9 (=, 719 AWy uratg) 7}

AA = =) Aol wEbA AEsHA Ho, 9Z2A 2 v 20 v ¥ AIARS A=

*

7} A vteb(910)0] 2 4 A= E 2L Chalcogenidesol® F7)|€FoA VIE 9428 ¥
gale gz Ho k. dfEEQ E&AL Ge-Sb-Te FEolH, o] o= GaSb, InSb, InSe,
SboTes, GeTe, GesSboTes, InSbTe, GaSeTe, SbSboTes, InSbGe, AgInSbTe, (GeSn)SbTe,

GeSb(SeTe) Y TegiGesSbeSe 5ol B Uk, 719 AWy 9heh(910)9] sty HF/RE UA7Ist=

AZ(901a)L 6500CAES] &AM E ¢t

oF,

HE /X = Qe TiAINY Tivse] € &+
ATk, E24a¢ 9bellA4 2] VFLDE= MOSFETo] obd ulo]Z 2ty MESFETo] 2 % 3Uo.

T25% FuseT(ZF2 Antifuse®)(310)T} VFLDE & H AZAS v3dA o=
PROM(Programmable Read-Only Memory, 300) A (cell)e] #+X& YEeldT}. 2504 427
FuseZH(=2 Antifuse®)(310)¢] FLD(124)E FA T Foll 7] FLD #o] @A HS A+s 72 &
RoFEr, 902 FuseT(ZL2 Antifuse®)(310)0] FLD(124)9] &4 o] Aol FLD o}lfell FA]
2 F 5 o} (vlEA]). Antifuse 2H(310)2 AZ|A o] AT A7teFE T2 a8y AF

et olstd G 7] AL 72 4 vl vl E Fuse®H(310)L A7) A do] At A7}

&

e Z2aHY AFR/AYd Yl =& H7] AFES 7HE ok, o]2E ROMS v
o= U ZraWgstd oA Z2afo] E7bs3tH.

%2712 PROME ©]83t ASIC(Application-Specific Integrated Circuit), FPGA(Field
Programmable Gate Array)t} PLA(Programmable Logic Array) $& 7@ 4 Ut}
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<145> A}7] Antifuse® 22U F 9= 2L ONO(Oxide-Nitride-Oxide)=}, F<£AFE2, Chalcogenide

ot

%, &2 =3o] <td HZA (Amorphous) 2E]E Fol i, FuseE2 24U F A& EFLS
nichromeo|\} tt2A A2 Fo] Utt. Fusel Antifuse®] H=(301a9} 301b)oz 2ol E£3
2 2 259 ARAA GAHE Tivel 2 5 U

<146> 250 A o] VFLD(124)= MOSFETo] obd wlo] &2}t MESFET, &2 tiole = Fo] & = 3.

<U7> £262 sH+e] MOSFET ¥ Efo] VFLD(124)Rte = 3wk o 22l DRAM(400) S /4 Ftt.
VFLD(124)= S0I2 T4 =9 2 (Body) (2601 = pEH)7t T2 (Floating) = o] Aol <
7bEl A oW F2Fol Hruo]o] A3} (Charge)”t F3H o] DRAM A3 o] A A<t
(Refresh time) HEE AFsla d& T e T4 & F Jo.

<148 T27a% bl MOSFET ¥ Efe] VFLDS}F ®| 32 wixe] FejVFLDZE A EE AZAE] e
EEPROM(Electrically Erasable Programmable Read-Only Memory, 500) A& FAIgich. A7) H)
Ay dEges SEEACIESY FSESACIEE I = o]FAlolE Hejo| A7k SONOS(Silicon
Oxide Nitride Oxide Silicon) ®eje] w3y vlmelrsl B 5 Qb E27aclA = Select
lines T/33k= MOSFETo] #lell i ofefell olFAlc|ES] v vErt = A=E =
Ao} AT X 7F vt e 2 FFE T 7 U,

<149>

k1

27b% “37] EEPROMS] 57} 32 xol9 shiel'de 7AgT.

<150> 282 ¥& AYelA F2o]l 7 g 1] (Power) MOSFET & Eje] VFLD(600)olth. IrHA <L
MOSFET & eje] VFLDS} F+Z24o 2 & AL VFLD(124)E FA s 0159 FA7F & vlol3
ZUE (un)oll X 9 vlo] I 2 uE{7R] FaHASte et @A s, AlolE AdAF(183)9 F

Ax A M2 A Yo g mmolA 38 UxvEziA o] ¥HE Jhdn. dukzo
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<151>

<152>

<153>

1020&0475 15 9 A} 2004/6/14

E FHAGLE 7Vl 1000Vol 47HAl Trdt M E bR o loh. I MOSFETS T4 3=

xS

017 Rztog ¥ HHL 7R L3 7] Lol 44

uol-

o
(o
i

T F1 ot B AH

P
>

n

2] & (Trapezoidal) HHZ 9E F= . o]z Algs| &

ofl
ful

= &3 9 9 (Depletion region)

2}

S

o)

X

filo

1 5HIY el "A(Electric field)E Y T+ AAA FAALGE FT7HAE

o}.

N
as

o2} gt T} MOSFET e 9] VFLD(600)= UxpiAE o2 solx= £ e)je]l =9 MOSFETo) H])3tH

ol
s

¢
T

(o

FHE 7ok, dubAHl SHEPH O] 99 MOSFETIA F2AAS S7HA1718id AdZol

(o

(Channel length)E F7FAIACE 3, o]A L 2 AxWU7te] F7HR olojxith. x| gt 119
MOSFET B} 2] VFLDolA] AMEdole A2 AAHT WY Fr/2 ulE olojxX & &&
o =3 9] MOSFETE El9] VFLDE Al°lE7F MEIFAE ixte FHE 7 lolM A&
& 71E9] T+9] MOSFETo| H|ste F v o]de] HMFTF 8H *2 FAAZ(Low ON
resistance)2 zZtAIFAT. wetA =289 9}IMOSFETH ele] VFLDE= <% & 2] LDMOS(Lateral
Double-Diffused MOS)Y} Trench MOST 9| =}9] MOSFETS wHAlZ &+ Qvf. T H|o]Xx 7|3
@Go At F&steE tulol 29k w19 MOSFETE Ef2] VFLDE shue) o |dZdsto txg
olvza A% E FAlol dhte] oA AH2lsti= SmartPower (ZF-2 SmartM0S) 59 FH(Chip)<

FAY & Ak,

k1
[\v}

9¢ =283 2 3¢l MOSFETH e €] VFLD(600)) Al Double-Diffused®d ®E 7}1X]:=VFLD(650)
t. 3552 =3 (Doping)® HAMB@FAL =8¢0 (Drain)e FFY S (Depletion region)o] &
He AL HHEA 2 AgodAE dutol2rt 28 F JEF =95

E283 =29049] MOSFETS] AlolEE "A&4ts 2 (Low temperature thermal oxide film) + ¥
S A5 (High-k dielectric) + 3852 dH9 (CVD dielectric)" 59 =do=z 74
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<154>

<155>

<156>

1020@047515 =9 Adx}: 2004/6/14

5}

)

4

[ _8,

Hhe A g o (124) 3} Ao}

1m

Z (183) A}o]le] EHZA T (Interface trap)S Zolar Al g

E(lifetime)E S7MA1A & Y32 =3 AF

-

T892 S7MAA F&FAF(0n resistance) &
= F AT

B gol A2l MOSFET®E Bl 9] VFLDE 8-S (121)0] vig2 &x/=dld Hslo 7] A g
2] AAAsIY AFHALE 2L & Yo, =3 A& vpstR 2 44 -FH (Full
Depletion)oly FE-F (Partial Depletion)2 VFLDS] Fo| uwle} AFFA 22T + Uo.H
ZlNA fAdFF BEFE S 248 VFLDY FL& 53HY, AlolEY] {fAd<a
oEFTH. 1T F IR 9 & FHPAAY FFALFHoE FASE S0I HulolzdiA= T
detr] w¢ olEHE Zlgolt. S0I7|Hez2Ry e d2A w=EAT EWo], VFLDe
nEFE 22y 22 =89 9 A

oot &e] AoJE AIAFY FH(Qality)d SF& FA Fow tinto]zo] Fxolvt &

(Yield)oll vlX& F&o] H}.

(2399 &3
ol ol st go], ¥ wo] MW thes g ARE AL F Yot

2 Faots BEE 992 24 gon, 442AR AR T REAoz AYW Ayrz

oA ot tE Hutoliet ArH oz SEE FHE 27 "WE 71 fulel2E Z2A Y=
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=
=

1020@0475 15

J(notch)e] A4 A=

3] 7]l A= =

A
o

e

3
“

2 9

ZlvH4

=
T

o A

iy

B

o
=

Aol 2xo]= MOSFET

Qro 2 FLD7}

[e]

R &9 outol

Aglol 29 Dulo] g shte

FLDe] 29]e} oly, =1

oAM=

al
=

grjulols Weje] 222 FLDHEZ ®

= X’
= =

& 37z ¥

3

3|
=~

FLDo] ¢t ofelie] &

o
—

=2 g4

=

Q

= Hase &

5}

701-

culol o] Szt N A

5, olde A7l ¥t

o

oz gored F 9

Mr

o]zl Hntol

W

o) A&z o
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=
=

1020&04’75 15

3+ 1]

[

B0 tlujo)

o] 9 ool

<3

=

B/
o

T
mm

1S

Eal

o} 47] 859 tupol

A3 widez FA4HH,

259 Huto] 2159

71

FH7E oE 8459 dulo)

I

2 740 H9,

o] tjmpol &

7}A| 11,

=
=

Ade o vlola2uy oA 9 vlo]z2u]E 9 A

kA4,

=
=

|

1l
EBO

alE ol4te)

BOI—

3

U

uil
L]

220 37|

;:5_]__

o gloiA

o €ist obeel

o

=

)
o

o=z A4

b3}
oS

47] B5e) duel 15 A3 B A

= O
AdFL

71

S JHAH,
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3 A=} 2004/6/14
3zkd Y= YA

=

==

} 3]

[e]
} 4]

[=}

7] Bel duto] 215

ke

T

8

R

A

5=,
(37
[

1020@0475 15

)

GdAZoE TAHY, Zzte

& 5ol

Ko

—

} 1 = 29

2

:‘l

%

wjr

Aoz ol B4l 33

e
=

=,
olA, 4719 334 w=A AHIzE A

;__'”
A

o)

A

1 3

= 29

} 6]

3219 W=
[=]

} 1=

[e]

kel

T,

;?.

s

J 7

—

) —

3}
3

{

wjr
oy
™

|
0}

o

il

)
"

~A

(A

IH

%

3t wrEA JHI=.
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3 dx}: 2004/6/14

=

=

d 8]

ko)

:|1

3

8

(>

1020&04’75 15

32 WA A B2 olgiyt Y,

g7)e

20 Ao,

JJJ

3zHd WA FHIN =

T

T

e 5302 3

} 9)

(=4

T,

3

(3

|71ol 7] Hulol 213}

3

JojA, 719 7]

} 10]

[

ke

8

(2

wjr

R

fru

3
H
pol

o

N

} 11]

[e]

.

(3

o)

4719} 52 el

100 1A,

-E.;:’)[_

.‘_FL

=

2719 st AFL 471 3 dulolx19 ofzel A&

o 1A,

} 12])

(e}
} 11

(=]

G

k<)

?.

3

-
%3
A3 A (Align) =)o,

[

<

wjr

o
Ae

AR yolst £4 duiolze] Ench He
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==
=

3=,

Z1
>

32-d wrEA A

1
T—

o=z s

]

| glol, g7]e]

13 3lejM, 3719

} 13]

[o]
} 14])

[=]
F 15]

} 139
<

o
=
(o]

ko)

kel

3
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k=3

T

q

A
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J 7
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3
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8
(

1020&047515
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'
o
'~

H

jea

}7] 52 ciutelze] 912 SgEo] 47] Fa Tulol

of ojA, 37] stte] FAGutolxloA FHo7 F

o) oiM, 471
139 1A,

} 16]

[e]
} 17]

[=]
} 18]

} 13
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} 16
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ko)

ke
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s

T

o,
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i
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o

A
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=

102()@04?515

el

wir
ofn

vl 42 dulolsz &
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}7] 42 ciulol 29} QR
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMLERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

06/25/2004 ERREGAY1 00000059 10873969
01 FC:2001 ' 385.00 0P

PTO-1556
C(5/87)

W.S. Govemnment Printing Oftice: 2003 — ¢81.697/59173
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Apphcation or Docketl Number

PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1, 2003

[ORIXTET

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
{Column 1) (Column 2) TYPE [ OR SMALL ENTITY
TOTAL CLAIMS A0 RATE | FEE RATE | FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE} 385.00 |np[BASIc FEE] 770.00
TOTAL CHARGEABLE CLAIMS Gj//(]minus 20= [* @ X$ 9= OR| X$18=
. Y
INDEPENDENT CLAIMS % minus3 = ¥ X43= onl xes-
MULTIPLE DEPENDENT CLAIM PRESENT D
+145= OR| +290=
* It the difference in column 1 is less than zero. enter “0" in column 2 TOTAL %}5 OR TOTAL
CLAIMS AS AMENDED - PART li ' : OTHER THAN
(Column 1) (Column 2) _(Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST ,
ADDI- ADDI-
-4 REMAINING NUMBER
- APTER PREVIOUSLY | ExrRA. RATE |TIONAL RATE | TIONAL
i AMENDMENT PAID FOR FEE FEE
=
O | Total * Minus - = X$ 9= X$18=
2 $9 OR
%’ independent |« Minus e = x43:. X86=
< FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D OR
) 145= +290=
/ TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2) _{Column 3)
CLAIMS HIGHEST
o REMAINING NUMBER PRESENT ADDI- : ADDI-
- AFTER PREVIOUSLY EXTRA RATE ]TIONAL RATE | TIONAL
z AMENDMENT PAID FOR FEE FEE
= , . e
g Total * Minus - = X$ 9= OR X$18=
%" Independent |« Minus . = _ X43= OR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM Q -
' +145= OR| +290=
TOTAL OR . TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column2) (Column3) '
\ CLAIMS HIGHEST :
1S REMAINING NUMBER PRESENT ADDI- ADDI- §
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
g AMENDMENT PAID FOR FEE | FEE
Total * Mi - = =
% inus X$ 9= OR X$18=
Independent |« Minus wae =
Z - X43= or| xes=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
A +145= OR | +290="
* i the erry in column 1 i less than the entry in column 2, write “0" in column 3. o7 ’
= It the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter *20.° ADD,;O;EAE -JOR ADD;.O g&"

“~Hf the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter *3." . Lo
. The “Highest Number Previously Paid For* (Total o Independent) is the highest number found in the appropriate box in column 1.

FORM PTO-87S (Rev. 10/09)
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