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TITLE
METHOD FOR FORMING SELF-ALIGNED CONTACT HOLE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates in general to the
fabrication of semiconductor devices, and more particularly
to a simplified method for forming a self-aligned contact
hole.
Description of the Related‘Arts

Self-alignment is a technique in which multiple levels
of regions on the wafer are formed using a single mask,
thereby -eliminating the alignment tolerance required by
additional masks. This powerful approach is being used more
often as circuit sizes decrease. Self-aligned contacts are
often used in memory cells where contacts are limited only
by the spacers and field oxide bird’s beak or a contact
window landing pad. Therefore, the mask contact window can
be oversized relative to the contact area underneath, and no
contact borders are needed, resulting in significant space
saving. Referring to FIGS. 1A-1E, a conventional process of
forming a self-aligned contact hole is illustrated in cross-
sectional wviews. The process will be described as follows.

FIG. 1A shows a semiconductor substrate 10 having two
closely spaced field effect transistors with gate electrodes
14, source/drain diffusion regions 18, and gate oxides 12.
The gate electrodes 14, commonly consisting of polysilicon
and silicide, are capped with an insulator 16 of silicon
nitride. Next, a thin oxide layer 20 is formed over the
substrate surface and on the sidewalls of the gate electrode
14 by rapid thermal oxidation at about 800 to 1100° C.

Referring to FIG. 1B, a conformal layer of silicon
nitride 22 having a thickness of about 100 to 600 A is
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deposited over the substrate surface using low pressure
chemical vapor deposition (LPCVD). The conformal silicon
nitride layer 22 is anisotropically etched to form nitride
spacers 22a on the sidewalls of the gate electrodes 22 and
the cap layers 16, as shown in FIG. 1C. Then, the thin
oxide layer on the substrate surface is removed by HF
solution to expose the diffusion region 18.

Referring to FIG. 1D, a conformal layer of etch barrier
material 24 is deposited over the diffusion region 18, the
cap layers 16, and the sidewall spacers 22a. The barrier
layer is typically a silicon nitride layer having a
thickness of about 100 to 500 A. A layer of insulator 26 is
deposited over the substrate as inter-layer dielectric (ILD)
and is preferably planarized. The insulating layer 26 may
consist -of one or more dielectric depositions of spin on
glass (S0G), silicon oxide, borophosphosilicate (BPSG), and
so on.

Referring to FIG. 1lE, using a photoresist mask 28, a
contact hole 29 is etched in the insulating layer 26 with
the barrier layer 24 serving as an etch stop, which is
finally removed to expose the diffusion region 18. The
etching of the insulating layer 26 is selective to the
capping layers 16 and sidewall spacers 22a encapsulating the
gate electrodes 14 so that the contact hole is self-aligning
in nature.

The fabricating method described above, however,
requires complicated processes. For example, two
depositions of silicon nitride are required for forming the
conformal layer 22 and the barrier layer 24, respectively.
Besides, the two layers are to be etched individually. The
conformal nitride layer 22 is etched to form nitride spacers

22a, and the barrier layer 24 is etched to reveal the

10
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underlying diffusion region 18 after the contact hole
etching. Thus, improvements are needed to eliminate process
steps so as to reduce the manufacturing cost and to increase

the throughput.

SUMMARY OF THE IWENTION

It is therefore an object of the invention to provide a
simplified method for forming a self-aligned contact hole.

To accomplish the above objective, the present
invention provides a method for forming a self-aligned
contact hole. 1In this method, the conformal layer used for
forming sidewall spacers of gate electrodes will not be
etched until a contact opening is formed, such that the
conformal layer can serve as an etch barrier that protects
the diffusion region during the contact hole etching. Thus,
there is no need for depositing another etch barrier layer.
Furthermore, the etching for sidewall spacers can be thus
incorporated into the contact hole etching, thereby
eliminating process steps.

The present method for forming a self-aligned contact
includes the steps of: (a) providing a semiconductor
substrate having a gate electrode and a diffusion region
thereon; (b) forming a conformal layer of etch barrier
material overlying the substrate surface including the
diffusion region and the upper surface and the sidewalls of
the gate electrode; (c) forming an insulating layer
overlying the barrier layer} (d) etching an opening through
the insulating layer self-aligned and borderless to the
diffusion region by using the barrier layer as an etch stop;
and (e) anisotropically etching the barrier layer underneath
the opening, thereby exposing the diffusion region and
simultaneously forming a spacer of the etch barrier material

on the sidewall of the gate electrode.

11
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Other objects, features, and advantages of the present
invention will become apparent from the following detailed
description which makes reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A through 1lE are cross-sectional views
illustrating the steps of a conventional method for
fabricating a self-aligned contact hole; and

FIGS. 2A through 2D are cross-sectional views
illustrating the steps for fabricating a self-aligned
contact hole according to a preferred embodiment of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now in keeping with the objective of this invention,
the method for fabricating a self-aligned contact hole is
described in detail.

Referring to FIG. 2A, two closely spaced field effect
transistors with gate electrodes 54, source/drain diffusion
regions 58, and gate oxides 52 are defined in a
semiconductor substrate 50 using known processes. The gate
electrodes 54, preferably consisting of polysilicon and
tungsten silicide, are capped with an insulator 56 of
silicon nitride. The process details for forming such field
effect transistors are well known and will not be described
here. Next, a thin oxide layer 60 having a thickness of
about 150 A is formed over the substrate surface and on the
sidewalls of the gate electrode 54 by rapid thermal
oxidation at about 800 to 1100° C.

Referring to FIG. 2B, a conformal layer of silicon
nitride 62 is deposited-over the substrate surface using low
pressure chemical vapor deposition (LPCVD). The conformal

silicon nitride layer 62, as described earlier, acts as

4
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sidewall spacers of gate electrode 54 as well as an etch
stop at contact Hole etching. The conformal layer 62
preferably has a thickness of about 100 to 500 A, and more
preferably has a thickness of about 200 to 350 A.

Referring to FIG. 2C, a layer of insulator 64 is
deposited over the substrate as inter-layer dielectric (ILD)
and is preferably planarized. The insulating laver 64 may
consist of one or more dielectric depositions of spin on
glass (SOG), silicon oxide, borophosphosilicate (BPSG), and
the like. It should be particularly noted that the process
steps of anisctropically etching for sidewall spacers and
depositing a barrier layer necessary in the conventional
method are omitted here.

Referring to FIG. 2D, using a photoresist mask 66, a
contact'hole 67 is etched in the insulating layer 64 in a
self-aligned manner. During this etch, the conformal
nitride layer 62 serves as an etch barrier to protect the
diffusion region 58 from being attacked by etching.
Moreover, as depicted in FIG. 2C, it provides extra
thickness d to protect the gate electrode 54 when compared
to that of the conventional method (see FIG. 1C for
reference). Next, the conformal nitride layer 62 underneath
the opening is anisotropically etched to remove the portion
over the diffusion region 58. Simultaneously with this etch,
nitride spacers 62a are formed on sidewalls of the gate
electrode 54. After removing the photoresist 66, the thin
oxide layer 60 is removed by HF solution to expose the
diffusion region 58, thereby completing the contact hole.

Thereafter, a conductive plug can be formed in the
contact hole 67 to electrically connect to the diffusion
region 58. The conductive plug is preferably chosen from

polysilicon, tungsten, molybdenum, aluminum alloys, copper

..
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alloys, and the like. It can be formed by overfilling the
contact hole and removing the conductive material outside of
the contact hole by etch back or chemical mechanical
polishing.
5 According to a feature of the present invention,
because the conformal nitride layer 62 is not etched until
the contact opening is formed, it provides extra thickness d
to protect the gate electrode 54 at the contact hole etching.
Further, the same nitride layer is anisotropically etched to
10 form sidewall spacers that prevent shorting between the gate
electrode and the conductive plug.
The simplified method of the invention overall reduces

one etch step and one deposition step as compared to the

B gy Lk

conventional method illustrated by FIGS. 1A through 1E.

—
w

Accordingly, the manufacturing cost is reduced and the
throughput is increased. Further, since the method of the

g Y.

present invention provides a better etch barrier at the
contact hole etching, it is advantageous in process
tolerance and reliability.

20 While the invention has been particularly shown and

described with the reference to the preferred embodiment

thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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What is claimed is:

1. A method for forming a self-aligned contact hole,
comprising the steps of:

(a) providing a semiconductor substrate having a gate
electrode and a diffusion region thereon;

(b) forming a conformal layer of etch barrier material
overlying the substrate surface including the diffusion
region and the upper surface and the sidewalls of the gate
electrode;

(c) forming an insulating layer overlying the barrier
layer; '

(d) etching an opening through the insulating lavyer
self-aligned and borderless to the diffusion region by using
the barrier layer as an etch stop; and

(e) anisctropically etching the barrier layer
underneath the opening, thereby exposing the diffusion
region and simultaneously forming a spacer of the etch

barrier material on the sidewall of the gate electrode,

2. The method as claimed in claim 1, further comprising
a step of forming an oxide layer over the diffusion region
and on the sidewalls of the gate electrode by thermal

oxidation prior to forming the barrier layer.

3. The method as claimed in claim 1, wherein said gate

electrode comprises a capping layer of silicon nitride.

4., The method as claimed in claim 1, wherein said

barrier layer is a silicon nitride layer.

5. The method as claimed in claim 4, wherein said

barrier layer has a thickness between about 100 to 500 A.

vy
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6. The method as claimed in claim 1, wherein said
insulating layer comprises a layer of borophosphosilicate
glass.

7. The method as claimed in claim 1, wherein step (c)
comprises:

depositing an insulating layer overlying the barrier
layer; and

planarizing the insulating layer.

8. The method as claimed in claim 1, further comprising
forming a conductive plug in said opening to electrically

connect to the diffusion region.

9. A method for forming a self-aligned contact hole,
comprising the steps of: )

(a) providing a semiconductor substrate having a gate
electrode and a diffusion region thereon, said gate
electrode comprising a capping layer;

(b) forming an oxide layer over the diffusion region
and on the sidewalls of the gate electrode by thermal
oxidation;

(c) forming a conformal layer of silicon nitride
overlying the substrate surface including the diffusion
region and the upper surface and the sidewalls of the gate
electrode;

(d) forming an insulating layer overlying the conformal
layer of silicon nitride:;

(e) etching an opening through the insulating layer
self-aligned and borderless to the diffusion region by using
the silicon nitride layer as an etch stop; and

(e) anisotropically etching the silicon nitride layer

underneath the opening, thereby exposing the diffusion

g
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20 region and simultaneously forming a spacer of silicon

21 nitride on the sidewall of the gate electrode.

1 10. The methecd as claimed in claim 9, wherein said

2 capping layer is a silicon nitride layer.

1 11. The method as claimed in claim 9, wherein said

conformal layer of silicon nitride has a thickness between

about 100 to 500 A.

1 12. The method as claimed in claim 9, wherein said

insulating layer comprises a layer of borophosphosilicate

5% 3 glass.
33 1 13. The method as claimed in claim 9, wherein step (d)
=§
=1 2 comprises:
oy 3 depositing an insulating layer overlying the conformal
. 4 layer of silicon nitride; and

‘ 5 planarizing the insulating layer.

1 14. The method as claimed in claim 9, further

o 5 5

2 comprising forming a conductive plug in said opening to

electrically connect to the diffusion region.

7
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TITLE

METHOD FOR FORMING SELF-ALIGNED CONTACT HOLE

ABSTRACT OF THE DISCLOSURE

A simplified method for forming a self-aligned contact
hole is disclosed. The method comprises the steps of (a)
previding a semiconductor substrate having a gate electrode
and a diffusion region thereon; (b) forming a confermal
layer of etch barrier material overlying the substrate
surface including the diffusion regicn and the upper surface
and the sidewalls of the gate’electrode; (c) forming an
insulating layer overlying the barrier layer; (d) etching an
opening through the insulating layer self-aligned and
borderless to the diffusion region by using the barrier
layer as an etch stop; and (e) anisotropically etching the
barrier layer underneath the opening, thereby exposing the
diffusion region and simultaneocusly forming a spacer of the
etch barrier material on the sidewall of the gate electrode. -

10
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O was filed on as United States Application Serial
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transact all business in the Patent and Trademark Office connected therewith:

Mani Adeli (Reg No. 39,585)

Paula A. Borden (Reg No. 42,344)
Barry E. Bretschneider (Reg No. 28,055)
Alan W. Cannon (Reg No. 34,977)
Robert K. Cerpa (Reg No. 39,933)
Niki D. Cox (Reg No. 42,446)

E. Victor Donahue (Reg No. 35,492)
Tyler Dylan (Reg No. 37,612)

Hector Gallegos (Reg No. 40,614)
Charles D. Holland (Reg No. 35,196)
Richard D. Jordan (Reg No. 33,519)
Ararat Kapouytian (Reg No. 40,044)
Jung-Hua Kuo (Reg No. 41,918)

Wen Liu (Reg No. 32,822)

David C. Lundmark (Reg No. 42,815)
Thomas D. Mays (Reg No. 34,524)
Kate H. Murashige (Reg No. 29,959)
Catherine M. Polizzi (Reg No. 40,130)
Robert Saltzberg (Reg No. 36,910)
Debra A, Shetka (Reg No. 33,309)

E. Thomas Wheelock (Reg No. 28,825)
Frank Wu (Reg No. 41,386)

Please direct all communications to:

Barry E. Bretschneider
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Erwin J. Basinski (Reg No. 34,773)
Sean Brennan (Reg No. 39,917)
Nicholas Buffinger (Reg No. 39,124)
Mark R. Carter (Reg No. 39,131)
Thomas E. Ciotti (Reg No. 21,013)
Raj S. Davé (Reg No. 42,465)

Stephen C. Durant (Reg No. 31,506)
Sean M. Fitzgerald (Reg No. 42,537)
Douglas Hodder (Reg No. 41,840)
Madeline I. Johnston (Reg No. 36,174)
Cindy S. Kaplan (Reg No. 40,043)
Antoinette F. Konski (Reg No. 34,202)
Susan K. Lehnhardt (Reg No. 33,943)
Shmuel Livnat (Reg No. 33,949)
Harry J. Macey (Reg No. 32,818)
Gladys H. Monroy (Reg No. 32,430)
Dahna S. Pasternak (Reg No. 41,411)
William C. Revelos (Reg No. 42,101)
J. Michael Schiff (Reg No. 40,253)
Lee K. Tan (Reg No. 39,447)

Thomas G. Wiseman (Reg No. 35,046)
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Morrison & Foerster e
2000 Pennsylvania Avenue, N.W.
Washington, D.C. 20006-1888

Please direct all telephone calls to Barry E. Bretschneider at (202) 887-1545.

[ 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 § 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the validity of the application or any patent
issued thereon.

V8199 Jecson — Li
Date ~ " Name: Jacson-LIU (Last name: LIU)
Residence: Same as the Post Office Address (Below)
Citizenship; Taiwan, R.0.C.
Post Office Address:No. 14-7, Lin 4, Hou-Ko Tsun, Hou-Ko Hsiang,

Hsinchu Hsien, Taiwan, R.0.C. /
A PP, P, 5 Jing — Xion "fvm?
Date Name: Jirig-Xian HUANG(Tast name: HUANG)
Residence: Same as the Post Office Address (Below)
Citizenship: Taiwan, R.0.C.
Post Office Address: No« 20-46, Lane 104, Gian-Keng 1 Rd., Lin 24,
Guan-Kung Li, East District, Hsinchu City, Taiwan,

R.O.C.
1 Date Name:
Residence:
i Citizenship:

Post Office Address:

Date Name:
Residence:
Citizenship:
Post Office Address:

Date Name:
Residence:
Citizenship:
Post Office Address:

3 Docket No.
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PATENT1-3%-0
Docket No.
Client Ref.

CERTIFICATE OF HAND DELIVERY
1 hereby certify that this correspondence is being hand filed with the United States Patent and Trademark Office in Washington, D.C. on
December 13, 1999,

In the application of: Examiner: to be assigned
Jacson LIU et al.

Serial No.:  09/407,268

Filing Date:  September 29, 1999

For: METHOD FOR FORMING SELF-

Group Art Unit: 2812

ALIGNED CONTACT HOLE
TRANSMITTAL OF PRIORITY DOCUMENT RE C F-' IVE D
DEC 14 1999
Assistant Commissioner for Patents

Washington, D.C. 20231 TECHNOLOGY GENTER 2800
Sir:

Under the provisions of 35 USC 119, applicants hereby claim the benefit of the filing
date of Taiwan patent application No. 88107602, filed May 11, 1999.

A certified copy of the priority document is attached to perfect applicants’ claim for
priority.

It is respectfully requested that the receipt of this certified copy attached hereto be
acknowledged in this application.

In the event that the transmittal letter is separated from this document and the Patent and
Trademark Office determines that an extension and/or other relief is required, applicant petitions

de-186247
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for any required relief including extensions of time and authorizes the Assistant Commissioner to
charge the cost of such petitions and/or other fees due in connection with the filing of this

document to Deposit Account No. 03-1952. However, the Assistant Commissioner is not

authorized to charge the cost of the issue fee to the Deposit Account.

Dated: December 13, 1999
Respectfully submitted,

By:

Barry E. Bretschneider
Registration No. 28,055

Morrison & Foerstere

2000 Pennsylvania Avenue, N.W.
Washington, D.C. 20006-1888
Telephone: (202) 887-1545
Facsimile: (202) 887-0763

2 . Serial No. 09/416,957
Docket No. 246472001500
dc-186252
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Washington, D.C. 20231
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™ MORRISON & FOERSTER LLP panEAMNER
2000 PENNSYLVANIA AVENUE NW
WASHINGTON DC 20006-1888
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DATE MAILED:

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

proceeding.
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1- Fils Copy
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Application No. Applicant(s)
09/407,268 LIUETAL.
Office Action Summary
Examiner Art Unit
Phuc T. Dang 2818
-- The MAILING DATE of this ication apy on the cover sheet with the correspondence address --

Period for Reply

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

- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- Ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will
be considered timely.

- IFNO 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.5.C. 5 133).
Status

)0 Responsive to communication(s) filed on ____.
2a)[d 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 0.G. 213. :

Disposition of Claims -
4)BJ Claim(s) 1-14 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.

5] Claim(s) _____isfare allowed.

8)X Claim(s) 1-14 is/are rejected.

7O Claim(s) _____is/are objected to.

8)(] Claims ____ 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 objected to by the Examiner.
11)0 The proposed drawing correction filed on _____is: a)[J approved b)[] disapproved.

12)[]J The oath or declaration is objected to bymE/Eaniner.
Priority under 35 U.S.C. 5 119

13) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
a)lJ Al b)(J Some * ¢)] None of the CERTIFIED copies of the priority documents have been:
1.0 received.
2. received in Application No. (Series Code / Serial Number) 88/107,602 .
3.0 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.

14)J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. & 119(e).

Attachment(s)

14) Notice of References Cited (PTO-892) ) 17 [ Interview Summary (PTO-413) Paper No(s). ____
15) [ notice of Draftsperson's Patent Drawing Review (PT0-948) 18) (] Notice of Informal Patent Application (PTO-152)
16) |:| Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 19) I:I Other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 3-98) Office Action Summary Part of Paper No. 3
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Application/Control Number: 09/407 268
Art Unit: 2818 :

DETAILED ACTION
Priority

1. Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-~(d),
which papers have been placed of record in the file.

Information Disclosure Statement
2. The information disclosure statement submitted on 12/13/1999 was filed
after the mailing date of the instant application on 9/29/1999. The submission is
in compliance with the provisions of 37 CFR 1.97. Accordingly, the petition is
granted and the information disclosure statement is being considered by the
examiner.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35

U.S.C. 102 that form the basis for the rejections under this section made in this

Office action:

A person shall be entitled to a patent unless -

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

3. Claims 1-2, 4, 6, 8-9, 12 and 14 are rejected under 35 U.S.C. 102(b) as
being participated by Iguchi et al. (U. S. Patent No. 5,734,185).

The reference teaches every positive step of the claimed invention in that it
discloses a method for forming a self-aligned contact hole, comprising the steps

of :
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Art Unit: 2818

a) providing a semiconductor substrate having a gate electrode and a
diffusion region:

b) forming a conformal layer of etch barrier material overlying the substrate
surface including the diffusion region and the upper surface and the sidewalls of
the gate electrode;

c) forming an insulating layer overlying the barrier layer;

d) etching an opening through the insulating layer self-aligned and
borderless to the diffusion region by using the barrier layer as an etch stop; and

e) anisotropically etching the bafrier layer underneath the opening, thereby
exposing the diffusion region and simultaneously forming a spacer of the etch
barrier material on the sidewall of the gate electrode (see column 4, line 40 to
column 5, line 15) as cited in claims 1 and 9 and the step of forming an oxide
layer over the diffusion region and on the sidewalls of the gate electrode by
thermal oxidation prior to forming the barrier layer (see column 13, lines 38-43)
as cited in claim 2 and the barrier layer layer is a silicon nitrice (see column 18,
lines 60-62) as cited in claim 4 and the insulating layer comprises a layer of
borophosphosilicate glass (see column 10, lines 53-55) as cited in claims 6 and
12 and further comprising forming a conductive plug in the opening to electrically
connect to the diffusion region (see column 10, lines 50-52) as cited in claims 8

and 14.
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Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for

all obviousness rejections set forth in this Office action:

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

Claims 5, 7, 11 and 13 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Iguchi et al. as applied to claims above, and further in view of
Ying (U.S. Patent No. 5,753,547).

4, Iguchi et al. teach all the limitations of the method as noted above except
for the teaching of the barrier layer and the conformal layer of silicon nitride have
a thickness between about 100 to 500 angstroms (see column 4, lines 59-65) as
ciled in claims 5 and 11 and the steps of depositing an insulating layer overlying
the barrier layer and planarizing the insulating layer (see ABSTRACT) as cited in
claims 7 and 13.

It would have been obvious to one having ordinary skill in the art to have
used the teéi:hing from Ying in Iguchi et al. process of forming a self-aligned
contact hole since it would reduce the. process steps, complexity, time and cost.
5. Claims 3 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Lepselter et al. (U.S. Patent No. 4,675,715).

Lepselter et al. teach the gate electrode comprising of a capping layer of

silicon nitride (see column 5, lines 13-17) as cited in claims 3 and 10.
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Conclusion
6.  Any inquiry concerning this communication or earlier communications from
the examiner should be directed to Phuc T. Dang whose telephone number
is703-305-1080. The examiner can normally be reached on 8:00 am-5:00 pm.
7. If attempts to reach the examiner by telephone are unsuccessful, the '
examiner’s supervisor, David C. Nelms can be reached on 703-308-4910. The
fax phone numbers for the organization where this application or proceeding is
assigned are 703-308-7382 for regular communications and 703-308-5841 for
After Final communications.
8. Any inquiry of a general nature or relating to the status of this application

or proceeding should be directed to the receptionist whose telephone number is

703-308-0956.
% Phuc T. Dang
Examiner
David Nelms Art Unit 2818
February 23, 2000 Supervisory Patent Examiner
Technology Center 2800
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i Dogket No. 420662000600,

CERTIFICATE OF HAND DELIVERY

I hereby certify that this correspondence is being hand filed with the United States Patent and Trademark Office in Washington, D.C. on
May 31, 2000.

herri N. Shipe

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE @ é ﬂa

In the application of: Examiner: Phuc T. DANG
Jacson LIU et al. Group Art Unit: 2818 =
Serial No.: ~ 09/407,268 g . =
Filing Date:  September 29, 1999 ;L: 1: 5'3
For: METHOD FOR FORMING SELF- = = ‘ﬁ
ALIGNED CONTACT HOLE é 2 3
=

REQUEST FOR RECONSIDERATION UNDER 37 CFR 1.111

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

In response to the Office Action mailed March 2, 2000, Applicants submit the following

remarks and request reconsideration of the pending claims.

REMARKS
Claims 1-14 are pending in the application and are presented for reconsideration.
Claims 1, 2,4, 6, 8,9, 12, and 14 were rejected under 35 USC 102(b) as being anticipated
by U.S. Patent No. 5,734,185 to Iguchi, et al. (“Iguchi”). This rejection is respectfully traversed.
Applicants submit that Iguchi fails to teach or disclose forming a spacer after forming a
contact hole in the insulating layer using self-aligned technology. Claim 1, for example, recites

“etching an opening through the insulating layer self aligned...anisotropically etching the barrier

de-210117

62



layer underneath the opening, thereby exposing the diffusion region and simultaneously forming
a spacer of the etched barrier material on the side wall of the gate electrode.” By not forming the
spacer of gate electrodes until a contact opening is formed, the claimed invention has the
advantage of allowing the conformal layer to serve as an etch barrier that protects the diffusion
region during the contact hole etching. Thus, the claimed invention has the additional advantage
of not needing to deposit another etch barrier layer. Iguchi fails to provide these advantages
because of the method of forming the spacers taught, namely forming spacers before the gate
electrodes.

Iguchi teaches a step of forming plural spacers (16a) before the gate electrodes 19 and 20
formed. See column 14, line 43 to column 15, line 15. After forming the gate electrodes 19 and
20, source/drain regions 31 and 32 are formed in the substrate. Then, an interlayer insulating
film is formed over the gate electrodes in the source/drain regions. Further, the process taught by
Iguchi prevents the use of self-aligning technology because contact holes formed in the inter
layer insulating film that expose the source/drain regions cannot be formed using the self-
aligning technology in conjunction with the process taught by Iguchi as apparent to those of
ordinary skill in the art.

The Examiner cites column 4, line 40 to column 5, line 15 as support for the proposition
that Iguchi teaches forming a spacer of the etch barrier material on the side wall of the gate
electrode after the gate electrode has been formed. However, Applicants submit that this portion
of the specification is misleading. By reference to column 13, line 38 to column 15, line 15 and
Figs. 2A-D, 3E-H and 4I-L, it is apparent that the spacers 16a are formed (see Figs. 3F and 3G)
before gate electrodes 19 and 20 (see Figs. 41 and 4J). Further, the claims recite providing the
gate electrodes and substrate before forming portions of the transistor, whereas Iguchi teaches
forming portions of the transistor prior to forming the gate electrodes. Thus, Iguchi teaches
forming the contact hole before forming the spacers 16a and forming the spacers 16a before the
gate electrodes 19 and 20.

2 Serial No. 09/407,268

Docket No. 420662000600
de-210117
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Independent claim 9 includes features similar to those recited in claim 1, and the
remaining dependent claims depend from claims 1 and 9, including all the features recited
therein. As stated above, Iguchi fails to teach or suggest each and every element recited in claim
1. Therefore, Iguchi also fails to teach or suggest all of the features recited in claims 2-14.
Accordingly, Applicants respectfully request the withdrawal of the rejection of claims 1, 2, 4, 6,
8,9, 12, and 14 under 35 USC 102(b).

Claims 5, 7, 11, and 13 were rejected under 35 USC 103(a) as being unpatentable over
Iguchi in view of U.S. Patent No. 5,753,547 to Ying (“Ying”). This rejection is respectfully
traversed.

As stated above, Iguchi fails to teach or suggest each and every feature in the independent
claims 1 and 9. Further, Ying fails to teach or suggest the missing features of Iguchi. Thus,
Iguchi, alone or in combination with Ying, fails to teach or suggest each and every element of
claims 1 and 9. Claims 5 and 7 depend from claim 1 and claims 11 and 13 depend from claim 9.

Therefore, Iguchi, alone or in combination with Ying, fails to teach or suggest each and every
element in claims 5, 7, 11, and 13. Accordingly, Applicants respectfully request the withdrawal
of the rejection of claims 5, 7, 11, and 13 under 35 USC 103(a).

Claims 3 and 10 were rejected under 35 USC 103(a) as being unpatentable over US
Patent No. 4,675,715 to Lepselter, et al. (“Lepselter”). This rejection is respectfully traversed.

Applicants submit that Lepselter suffers from the same deficiencies cited with respect to
Iguchi above. Namely, Lepselter fails to teach or disclose forming a spacer after forming a
contact hole in the insulating layer using self-aligned technology. Thus, Lepselter fails to teach
or suggest each and every feature in the independent claims 1 and 9. Claim 3 depends from
claim 1 and claim 10 depends from claim 9. Therefore, Lepselter fails to teach or suggest each
and every element in claims 3 and 10. Accordingly, Applicants respectfully request the
withdrawal of the rejection of claims 3 and 10 under 35 USC 103(a).

3 Serial No. 09/407,268
Docket No. 420662000600
de-210117
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Applicants respectfully submit that all of the pending claims are in condition for
allowance, which action is requested.

In the event that the transmittal letter is separated from this document and the Patent and
Trademark Office determines that an extension and/or other relief is required, Applicants petition
for any required relief including extensions of time and authorize the Assistant Commissioner to
charge the cost of such petitions and/or other fees due in connection with the filing of this

document to Deposit Account No. 03-1952, referencing docket no. 420662000600. However,

the Assistant Commissioner is not authorized to charge the cost of the issue fee to the Deposit

Account.

Respectfully submitted,

Dated: = May 31, 2000 By: r:Eu Q‘u(} (2'7!1/\“

Tyler S/Browh
Registfation No. 36,465

Morrison & Foersteriie

2000 Pennsylvania Avenue, N.W.
Washington, D.C. 20006-1888
Telephone: (202) 887-1545
Facsimile: (202) 887-0763

4 Serial No. 09/407,268
Docket No. 420662000600
de-210117
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™ f \ UNITED STATE~.OEPARTMENT OF COMMERCE
. Patent and Trademark Office

"
%5 j Address: COMMISSIONER OF PATENTS AND TRADEMARKS
! ®rares of Washington, D.C. 20231

| appucamionno. | FunaDATE | * FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |
09/407, 268 a9/29/9% LIu J 420662000600
— ' —| [ EXAMINER |
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MORRISON & FOERSTER LLLP DANG, F
2000 FENNSYLVANIA AVENUE NW [ amtumt | PAPER NUMBER |

WASHINGTON DC 20006-1358

/
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DATE MAILED:
JEe/1d /700

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

Commissioner of Patents and Trademarks

PTO-90C (Rev. 2/95) 1- File Copy
U.S. G.P.O. 2000 ; 485-188725268
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Application No. Applicant(s)
09/407,268 Jacson Liu
Notice of Allowability Examiner Group AT Ut
Phuc Dang 2818

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 and Issue Fee Due or other appropriate communication will be
mailed in due course.

X This communication is responsive to May 31, 2000.

X The allowed claim(s) is/are 7-74

[X] The drawings filed on Sep 29, 1999 _ are acceptable.
O Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
[J Al [ Some* [ None of the CERTIFIED copies of the priority documents have been
[ received.
[ received in Application No. [Series Code/Serial Number) )
[ received in this rational stage application from ihe International Bureau (PCT Rule 17.2(a)).
*Certified copies not received:
[J Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

[0 Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PT0-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

[J Applicant MUST submit NEW FORMAL DRAWINGS
[J because the originally filed drawings were declared by applicant to be informal.

[ including changes required by the Notice of Draftsperson's Patent Drawing Review, PT0-948, attached hereto or
to Paper No. .

[ including changes required by the proposed drawing correction filed on , which has been
approved by the examiner.

[ including changes required by the attached Examiner's Amendment/Comment.

Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson,

[ Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER [SERIES
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included.
Attachment(s)

Notice of References Cited, PT0O-892

[ Information Disclosure Statement(s), PTO-1449, Paper Nols).

[ Notice of Draftspersan's Patent Drawing Review, PTO-948

[ Notice of Informal Patent Application, PTQ-152 David Nelms
O Interview Summary, PTO-413 Supervisory Patant Examiner
[0 Examiner's Amendment/Comment Technology Center 2800

[ Examiner's Comment Regarding Requirement for Deposit of Biological Material
Xl Examiner's Statement of Reasons for Allowance

. S. Patent and Trademark Office

PTO-37 (Rev. 9-95) . Notice of Allowability Part of Paper No. 5
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Application/Control Number: 09/407,268 Page 2

Art Unit: 2818

DETAILED ACTION
Response to Amendment
1. This office action is in response to amendment filed on May 31, 2000,
- Claims 1-14 are pending in the application.
Examiner’s Statement of Reasons for Allowance
2. The following is an examiner’s statement of reasons for allowance:

The prior art of record fail to teach or fairly suggest a method for for forming a self-aligned
contact hole, comprising the steps of providing a semiconductor substrate having a gate electrode
and a diffusion region; forming a conformal layer of etch barrier material overlying the substrate
surface including the diffusion region and the upper surface and the sidewalls of the gate
electrode; forming an insulating layer overlying the barrier layer; etching an opening through the .
insulating layer self-aligned and borderless to the diffusion region by using the barrier layer as an
etch stop; and anisotropically etching the barrier layer underneath the opening, thereby exposing
the diffusion region and simultaneously forming a spacer of the etch barrier material on the
sidewall of the gate electrode
In the present invention, the steps of anisotropically etching the barrier layer underneath the
opening to increase the electrode area of the sémiconductof devices..

3. 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 submission should be clearly labeled “Comments on Statemert of Reasons for

Allowance”.
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Application/Control Number: 09/407,268 Page 3
Art Unit: 2818

4. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Phuc T. Dang whose telephone number is 703-305-1080. The examiner
can normally be reached on 8:00 am-5:00 pm.

5.. If attempts to reach the examiner by telephone are unsﬁccessful, the examiner’s supervisor,
David C. Nelms can be reached on 703-308-4910. The fax phone numbers for the organization
where this application or proceeding is assigned are 703-308-5841 for regular communications
and 703-308-5841 for After Final communications.

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

should be directed to the receptionist whose telephone number is 703-308-0956.

PhucT. Dang  PD

Nl Examiner
David Nelms
Sy P A Unit 2818

June 12, 2000
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4a. The following fees are enclosed (make check payable to Commissioner
of Patents and Trademarks):

or agent; or the assignee or other parly in inlerest as shown by the records of the Patentand - o;'mm HMOOR2 000000

Trademark Office. J 10 09407268
Burden Hour This form is to take 0.2 hours to complete. Time will vary | 35 rrg:lﬁ"f 1210.00 op
depending on the needs of the individual case. Any comments on the amount of time required | 18.00 Op

‘to complete this form should be sent to the Chief Information Officer, Patent and Trademark
Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for
Patents, Washington D.C. 20231

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.

TRANSMIT THIS FORM WITH FEE
PTOL-85B (REV.10-96) Approved lor use thraugh 06/30/33. OMB 0651-0033 Patent and Trademark OHice; U.5. DEPARTMENT OF COMMERC
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PATENT APP L.ICATION FEE DETERMINATION RECORD
Effective November 10, 1998

CLAIMS AS FILED - PART | SMALL ENTITY - OTHER THAN
- (Column 1) (Column 2) TYPE [ OR SMALL ENTITY
FOR " | NUMBER FILED NUMBER EXTRA BATE | FEE mATE 1 FEE
BASIC FEE 380.00 |oR 760.00
TOTAL CLAIMS 1Y minus 20= [* X$ 0= orl| x$18=
INDEPENDENT CLAIMS ‘?\ minus 3 = |* X39= ’ OR X78=
MULTIPLE DEPENDENT CLAIM PRESENT 1
s +130= oR| +260=
DR
* If the difference in column 1 is less than zero, ent in column 2 TOTAL OR TOTAL Z: ”
CLAIMS AS AMENDED - PART Il _ : OTHER THAN
Column 1 Column 2) _(Column 3 SMALLENTITY -OR SMALL ENTITY
CLAIV: 1
< RE| NUMBER ADDI- ADDI-
= e pamvicigsy | TREENT RATE |TIONAL RATE | TIONAL
& AMENDMENT PAIDFOR FEE FEE _
=
i g Total * . Minus ok = X$ 9= oR| X$18=
‘|4 | Independent |« Minus on =
E | X39= oRr| X78=
) FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |
+130= OR| +260=
~ TOTAL OR . JOAL
ADDIT. FEE ADDIT. FEE
(Column 3) .
o | REMAINING NUMBER | PRESENT ADDI- ADDI-
E AFTER I PREVIOUSLY EXTRA RATE [TIONAL RATE | TIONAL
o AMENDMENT _ (S B raproR FEE FEE
E Total Minus ek = X$ 9= OR X$18=
% Independent | s Minus ot = xao- | on| x7e-
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR| +260=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
Column 1 Column 2) _ (Column 3)
1 HIGH -
o REMAINING - NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
E AMENDMENT PAID FOR FEE FEE
g Total * . Minus w* = X$ 9= or | xs18=
"‘:J Independent |« Minus ik =
g - - X39= OR X78=
FIRST PRESENTATION-OF MULTIPLE DEPENDENT CLAIM
' ' +130= .. lor | +2s0=
* Ifthe entry in column 1 is less than the entry in column 2, write "0” in column 3.
* If the *Highest Number Previcusly Paid For* IN THIS SPACE is less than 20, enter "20." ADD,PJE,‘E' OR AomTro:ENE-

weif the “Highest Number Previously Paid For® IN THIS SPACE is less than 3, enter “3."
The "Highest Number Previously Paid For” (Total or Independent) is the hlghesl number found in the appropnate box in column 1.

——— -
FORM PTO-875 5 Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE

(Rev. 11/98) 7 U.5. GPO:1996-454-473/90301
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