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USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT 

Title of Invention: 
SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

As the below named inventor, I hereby declare that: 
This declaration is directed to: 

~ The attached application, or 

D United States application number filed on , or -------
□ PCT international application number filed on ---------- --------

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable 
under18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

In consideration of the payment by UNITED MICROELECTRONICS 
CORP. 

having a postal address of 

No.3, Li-Hsin Road 2, Science-Based Industrial Park, Hsin-Chu City 300, Taiwan, R.O.C. 
(referred to as "ASSIGNEE"below) to I of the sum of One Dollar($ 1.00), the receipt of which is hereby 
acknowledged, andfor other good and valuable consideration. 

I hereby sell, assign and transfer to ASSIGNEE and the successors and assignees of the ASSIGNEE 
the entire right, title and interest in and to any and all improvements which are disclosed in the 
invention as above-identified application and, in and to, all Letters Patent to be obtained for said 
invention by the above application or any continuations, continuation-in-part, divisions, renewals, 
substitutes, or extensions thereof, and as to Letters Patent any reissue or re-examination thereof. 

I hereby covenant that no assignment, sale, agreement or encumbrance has been or will be made or 
entered into which would conflict with this assignment; 

I further covenant that ASSIGNEE will, upon its request, be provided promptly with all pertinent facts 
and documents relating to said invention and said Letters Patent and legal equivalents as may be 
known and accessible to I and will testify as to the same in any interference, litigation proceeding 
related thereto and will promptly execute and deliver to ASSIGNEE or its legal 

representatives any and all papers, instruments or affidavits required to apply for, obtain, 
maintain, issue and enforce said application, said invention and said Letters Patent and said 
equivalents thereof which may be necessary or desirable to carry out the prol)oses thereof. 
IN WITNESS WHEREOF, I have hereunto set hand and seal this . JUL 2 1 2017 (Date of signing) 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire 
inventive entity, must accompany this form. Use this form for each additional inventor. 

NPO#NAU-P3064-USA:0 

CUST#UMCD-2017-0163 
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DSB0-106U012698 
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USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT 

Title of Invention: 
SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

As the below named inventor, I hereby declare that: 
This declaration is directed to: 

121 The attached application, or 

D United States application number filed on , or -------
□ PCT international application number filed on ---------- --------

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable 
under18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

In consideration of the payment by UNITED MICROELECTRONICS 
CORP. 

having a postal address of 

No.3, Li-Hsin Road 2, Science-Based Industrial Park, Hsin-Chu City 300, Taiwan, R.O.C. 
(referred to as "ASSIGNEE"below) to I of the sum of One Dollar($ 1.00), the receipt of which is hereby 
acknowledged, andfor other good and valuable consideration. 

I hereby sell, assign and transfer to ASSIGNEE and the successors and assignees of the ASSIGNEE 
the entire right, title and interest in and to any and all improvements which are disclosed in the 
invention as above-identified application and, in and to, all Letters Patent to be obtained for said 
invention by the above application or any continuations, continuation-in-part, divisions, renewals, 
substitutes, or extensions thereof, and as to Letters Patent any reissue or re-examination thereof. 

I hereby covenant that no assignment, sale, agreement or encumbrance has been or will be made or 
entered into which would conflict with this assignment; 

I further covenant that ASSIGNEE will, upon its request, be provided promptly with all pertinent facts 
and documents relating to said invention and said Letters Patent and legal equivalents as may be 
known and accessible to I and will testify as to the same in any interference, litigation proceeding 
related thereto and will promptly execute and deliver to ASSIGNEE or its legal 

representatives any and all papers, instruments or affidavits required to apply for, obtain, 
maintain, issue and enforce said application, said invention and said Letters Patent and said 
equivalents thereof which may be necessary or desirable to carry out the proposes thereof. 
IN WITNESS WHEREOF, I have hereunto set hand and seal this JUL 2 l 2017 (Date of signing) 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire 
inventive entity, must accompany this form. Use this form for each additional inventor. 
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COMBINE DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION 
USING AN APPLICATION DATA SHEET (37 CFR 1.76) AND ASSIGNMENT 

Title of Invention: 
SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

As the below named inventor, I hereby declare that: 
This declaration is directed to: 

121 The attached application, or 

D United States application number filed on , or -------
□ PCT international application number filed on ---------- --------

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the 
application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable 
under18 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both. 

In consideration of the payment by UNITED MICROELECTRONICS 
CORP. 

having a postal address of 

No.3, Li-Hsin Road 2, Science-Based Industrial Park, Hsin-Chu City 300, Taiwan, R.O.C. 
(referred to as "ASSIGNEE"below) to I of the sum of One Dollar($ 1.00), the receipt of which is hereby 
acknowledged, andfor other good and valuable consideration. 

I hereby sell, assign and transfer to ASSIGNEE and the successors and assignees of the ASSIGNEE 
the entire right, title and interest in and to any and all improvements which are disclosed in the 
invention as above-identified application and, in and to, all Letters Patent to be obtained for said 
invention by the above application or any continuations, continuation-in-part, divisions, renewals, 
substitutes, or extensions thereof, and as to Letters Patent any reissue or re-examination thereof. 

I hereby covenant that no assignment, sale, agreement or encumbrance has been or will be made or 
entered into which would conflict with this assignment; 

I further covenant that ASSIGNEE will, upon its request, be provided promptly with all pertinent facts 
and documents relating to said invention and said Letters Patent and legal equivalents as may be 
known and accessible to I and will testify as to the same in any interference, litigation proceeding 
related thereto and will promptly execute and deliver to ASSIGNEE or its legal 

representatives any and all papers, instruments or affidavits required to apply for, obtain, 
maintain, issue and enforce said application, said invention and said Letters Patent and said 
equivalents thereof which may be necessary or desirable to carry out the proposes t~ .. er:~of. 
IN WITNESS WHEREOF, I have hereunto set hand and seal this JUL 2 1 2U1 f (Date of signing) 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire 
inventive entity, must accompany this form. Use this form for each additional inventor. 
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Inventor: Shou-Wei Hsieh 
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Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
US Patent and Trademark Office; US 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 0MB control number 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number N/A 

Filing Date N/A 

First Named Inventor Chun-Hao Lin 

Title SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE 
SAME 

Art Unit N/A 
Examiner Name N/A 
Attorney Docket Number NAUP3064USA 

SIGNATURE of Applicant or Patent Practitioner 
Signature /Winston Hsu/ Date (Optional) 07/26/2017 
Name Winston Hsu Registration 41526 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

I 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

□ *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. 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 
1.11 and 1.14. This collection is estimated to take 3 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. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Approved for use through 11130/2014. 0MB 0651-0051 
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 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Application Numbe, I Filing o•te 

I 
{Note: The boxes above may be left blank if information is provided on form PT0/AIN82A.) 

[Z] I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PT0/AIN82A) or identified above: I 
OR 27765 I 

□ I hereby appoint Practitioner(s) named in the attached list {form PT0/AIA/82C) as my/our attomey{s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PT0/AIN82A) or identified above. (Note: Complete form PT0/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

0 The address associated with the above-mentioned Customer Number 
OR 

□ The address associated with Customer Number: j I OR 
Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant {if the Applicant is a juristic entity, list the Applicant name in the box): 

jUNITED MICROELECTRONICS CORP. 
□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

[Z] Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46{b}{2) was granted in the 
aoolication or is concurrentlv being filed with this document} (provide signer's title if aoolicant is a iuristic entitv) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature V/'_.., ~ ;;; / r, ,Le.-, I Date {Optional) I YAV t z1. Blt 
Name Chia-Tsung Hu~g / V - . 
Title CHAIRMAN 
NQIE.;_ Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

OTotal of forms are submitted. 
This cotlect,on of mformat,on ,s required by 37 CFR 1.131, 1.32, and 1.33. The m!ormahon 1s required to obtain or retam a benefrt by the public which 1s to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes lo complete, 
fncluding gathering, preparing, and submitting the completed application fonn 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 !or reducing this burden, should be sent lo the Chief information Officer, U.S. Patent and Trademark Office, U.S. 
Department cf Commerce, P .0. Box 1450, Alexandria, VA 22313--1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commlssion&r 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Abstract of Disclosure 

A method for fabricating semiconductor device includes the steps of: 

forming a fin-shaped structure on a substrate; forming a shallow 

trench isolation (STI) around the fin-shaped structure; forming a 

gate layer on the fin-shaped structure and the STI; removing part 

of the gate layer, part of the fin-shaped structure, and part of the 

STI to form a trench; and forming a dielectric layer into the trench 

to form a single diffusion break (SDB) structure. 
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Claims 

What is claimed is: 

1. A method for fabricating semiconductor device, comprising: 

forming a fin-shaped structure on a substrate; 

forming a shallow trench isolation (STI) around the fin-shaped 

structure; 

forming a gate layer on the fin-shaped structure and the STI; 

removing part of the gate layer, part of the fin- shaped structure, 

and part of the STI to form a trench; and 

forming a dielectric layer into the trench to form a single 

diffusion break (SDB) structure. 

2. The method of claim 1, further comprising forming a gate dielectric 

layer on the fin-shaped structure before forming the gate layer. 

3. The method of claim 2, further comprising: 

forming a patterned mask on the gate layer; and 

using the patterned mask as mask to remove part of the gate layer, 

part of the gate dielectric layer, and part of the fin-shaped structure 

to form the trench. 

4. The method of claim 1, further comprising: 

forming the dielectric layer into the trench and on the gate layer; 

and 

planarizing the dielectric layer so that the top surfaces of the 

dielectric layer and the gate layer are coplanar. 

5. The method of claim 1, further comprising removing part of the 

gate layer after forming the SDB structure to form a gate structure 

adjacent to the SDB structure. 

6. The method of claim 5, further comprising: 

forming a cap layer on the gate structure and the SDB structure; 

and 

Page 11 of 14 



removing part of the cap layer to form a first spacer adjacent 

to the gate structure and a second spacer adjacent to the SDB 

structure. 

7. The method of claim 1, wherein the fin-shaped structure is disposed 

extending along a first direction and the SDB structure is disposed 

extending along a second direction. 

8. The method of claim 7, wherein the first direction is orthogonal 

to the second direction. 

9. The method of claim 1, wherein the gate layer comprises amorphous 

silicon. 

10. The method of claim 1, wherein the gate layer comprises 

polysilicon. 

11. The method of claim 1, wherein the dielectric layer comprises 

silicon nitride. 

12. The method of claim 1, wherein the dielectric layer comprises 

silicon oxide. 

13. A semiconductor device, comprising: 

a fin-shaped structure on a substrate; 

a single diffusion break (SDB) structure in the fin-shaped 

structure to divide the fin-shaped structure into a first portion 

and a second portion; 

a gate structure on the first portion; and 

a contact etch stop layer (CESL) adjacent to the gate structure 

and extending to cover the SDB structure. 

14. The semiconductor device of claim 13, further comprising: 

a first spacer on sidewalls of the gate structure; and 

a second spacer on sidewalls of the SDB structure, wherein the 
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CESL is disposed on the first spacer and the second spacer. 

15. The semiconductor device of claim 14, further comprising a 

source/drain region in the substrate adjacent to two sides of the 

first spacer. 

16. The semiconductor device of claim 14, further comprising a 

source/drain region in the substrate adjacent to two sides of the 

second spacer. 

17. The semiconductor device of claim 13, wherein the fin-shaped 

structure is disposed extending along a first direction and the SDB 

structure is disposed extending along a second direction. 

18. The semiconductor device of claim 1 7, wherein the first direction 

is orthogonal to the second direction. 
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Title 

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Background of the Invention 

1. Field of the Invention 

[0001] The invention relates to a method for fabricating 

semiconductor device, and more particularly to a method for di vi ding 

fin-shaped structure to form single diffusion break (SDB) structure. 

2. Description of the Prior Art 

[0002] With the trend in the industry being towards scaling down the 

size of the metal oxide semiconductor transistors (MOS), three­

dimensional or non-planar transistor technology, such as fin field 

effect transistor technology (FinFET) has been developed to replace 

planar MOS transistors. Since the three-dimensional structure of a 

FinFET increases the overlapping area between the gate and the 

fin-shaped structure of the silicon substrate, the channel region 

can therefore be more effectively controlled. This way, the 

drain-induced barrier lowering (DIEL) effect and the short channel 

effect are reduced. The channel region is also longer for an 

equivalent gate length, thus the current between the source and the 

drain is increased. In addition, the threshold voltage of the fin 

FET can be controlled by adjusting the work function of the gate. 

[0003] In current FinFET fabrication, after shallow trench isolation 

(STI) is formed around the fin-shaped structure part of the fin-shaped 

structure and part of the STI could be removed to form a trench, and 

insulating material is deposited into the trench to form single 

diffusion break (SDB) structure or isolation structure. However, the 

integration of the SDB structure and metal gate fabrication still 

remains numerous problems. Hence how to improve the current FinFET 

fabrication and structure has become an important task in this field. 
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Summary of the Invention 

[0004] According to an embodiment of the present invention, a method 

for fabricating semiconductor device includes the steps of: forming 

a fin-shaped structure on a substrate; forming a shallow trench 

isolation (STI) around the fin-shaped structure; forming a gate layer 

on the fin-shaped structure and the STI; removing part of the gate 

layer, part of the fin-shaped structure, and part of the STI to form 

a trench; and forming a dielectric layer into the trench to form a 

single diffusion break (SDB) structure. 

[0005] According to another aspect of the present invention, a 

semiconductor device includes: a fin-shaped structure on a substrate; 

a single diffusion break (SDB) structure in the fin-shaped structure 

to divide the fin-shaped structure into a first portion and a second 

portion; a gate structure on the first portion; and a contact etch 

stop layer (CESL) adjacent to the gate structure and extending to 

cover the SDB structure. 

[0006] These and other objectives of the present invention will no 

doubt become obvious to those of ordinary skill in the art after 

reading the following detailed description of the preferred 

embodiment that is illustrated in the various figures and drawings. 

Brief Description of the Drawings 

[0007] Figs. 1-10 illustrate a method for fabricating a semiconductor 

device according to an embodiment of the present invention. 

Detailed Description 

[0008] Referring to Figs. 1-2, in which Fig. 1 is a top view 

illustrating a method for fabricating a semiconductor device 

according to an embodiment of the present invention, the left portion 
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of Fig. 2 illustrates a cross-sectional view of Fig. 1 for fabricating 

the semiconductor device along the sectional line AA', and the right 

portion of Fig. 2 illustrates a cross-sectional view of Fig. 1 for 

fabricating the semiconductor device along the sectional line BB'. 

As shown in Figs. 1-2, a substrate 12, such as a silicon substrate 

or silicon-on-insulator (SOI) substrate is first provided, and a 

plurality of fin-shaped structures 14 are formed on the substrate 

12. It should be noted that even though four fin-shaped structures 

14 are disposed on the substrate 12 in this embodiment, it would also 

be desirable to adjust the number of fin-shaped structures 14 

depending on the demand of the product, which is also within the scope 

of the present invention. 

[0009) Preferably, the fin-shaped structures 14 of this embodiment 

could be obtained by a sidewall image transfer (SIT) process. For 

instance, a layout pattern is first input into a computer system and 

is modified through suitable calculation. The modified layout is then 

defined in a mask and further transferred to a layer of sacrificial 

layer on a substrate through a photolithographic and an etching 

process. In this way, several sacrificial layers distributed with 

a same spacing and of a same width are formed on a substrate. Each 

of the sacrificial layers may be stripe-shaped. Subsequently, a 

deposition process and an etching process are carried out such that 

spacers are formed on the sidewalls of the patterned sacrificial 

layers. In a next step, sacrificial layers can be removed completely 

by performing an etching process. Through the etching process, the 

pattern defined by the spacers can be transferred into the substrate 

underneath, and through additional fin cut processes, desirable 

pattern structures, such as stripe patterned fin-shaped structures 

could be obtained. 

[0010) Alternatively, the fin-shaped structures 14 could also be 

obtained by first forming a patterned mask (not shown) on the substrate, 

12, and through an etching process, the pattern of the patterned mask 

is transferred to the substrate 12 to form the fin-shaped structures 
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14. Moreover, the formation of the fin-shaped structures 14 could 

also be accomplished by first forming a patterned hard mask (not shown) 

on the substrate 12, and a semiconductor layer composed of silicon 

germanium is grown from the substrate 12 through exposed patterned 

hard mask via selective epitaxial growth process to form the 

corresponding fin-shaped structures 14. These approaches for 

forming fin-shaped structure are all within the scope of the present 

invention. 

[0011] Next, a shallow trench isolation (STI) 16 is formed around the 

fin-shaped structures 14. In this embodiment, the formation of the 

STI 16 could be accomplished by conducting a flowable chemical vapor 

deposition (FCVD) process to form a silicon oxide layer on the 

substrate 12 and covering the fin-shaped structures 14 entirely. 

Next, a chemical mechanical polishing (CMP) process along with an 

etching process are conducted to remove part of the silicon oxide 

layer so that the top surface of the remaining silicon oxide is even 

with or slightly lower than the top surface of the fin-shaped 

structures 14 for forming the STI 16. 

[0012] Next, a gate dielectric layer 18 and a gate layer 2 0 are formed 

to cover the fin-shaped structures 14 and the STI 16 entirely, and 

a patterned mask 22 is formed on the gate layer 20, in which the 

patterned mask 22 includes an opening 24 to expose part of the gate 

layer 20 surface. In this embodiment, the gate dielectric layer 18 

preferably includes silicon oxide and the gate layer 20 is selected 

from the group consisting of amorphous silicon and polysilicon. The 

patterned mask 22 could additionally include an organic dielectric 

layer (ODL), a silicon-containing hard mask bottom anti-reflective 

coating (SHB), and a patterned resist and the step of forming the 

opening 24 in the patterned mask 22 could be accomplished by using 

the patterned resist as mask to remove part of the SHB and part of 

the ODL. 

[0013] Next, as shown in Fig. 3, an etching process is conducted by 
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using the patterned mask 22 as mask to remove part of the gate layer 

2 0, part of the gate dielectric layer 18, and part of the fin-shaped 

structures 14 to form a trench 26. The trench 26 preferably divides 

the fin-shaped structures 14 into two portions including a first 

portion 28 on the left side of the trench 26 and a second portion 

30 on the right side of the trench 26. 

[0014] Next, as shown in Fig. 4, a planar dielectric layer 32 is formed 

into the trench 26 and on the gate layer 20, in which the dielectric 

layer 32 preferably fills the trench 26 entirely so that the top 

surface of the dielectric layer 32 is slightly higher than the top 

surface of the gate layer 2 0. In this embodiment, the dielectric layer 

32 and the STI 16 are preferably made of different material, in which 

the dielectric layer 32 filled into the trench 26 preferably includes 

silicon nitride while the STI 16 preferably includes silicon oxide, 

but not limited thereto. Nevertheless, according to an embodiment 

of the present invention, the dielectric layer 32 and the STI 16 could 

also include same material such as silicon oxide, which is also within 

the scope of the present invention. 

[0015] Referring to Figs. 5-6, in which Fig. 5 is a top view 

illustrating the fabrication of the semiconductor device following 

Fig. 4, the left portion of Fig. 6 illustrates a cross-sectional view 

of Fig. 5 along the sectional line CC' and the right portion of Fig. 

6 illustrates a cross-sectional view of Fig. 5 along the sectional 

line DD'. As shown in Figs. 5-6, a planarizing process such as CMP 

is conducted to remove part of the dielectric layer 32 so that the 

top surface of the remaining dielectric layer 32 is even with the 

top surface of the gate layer 2 0. This forms a single diffusion break 

(SDB) structure 34 protruding above the fin-shaped structures 14, 

in which the top surfaces of the SDB structure 32 and the gate layer 

20 are coplanar. As shown in Fig. 5, the fin-shaped structures 14 

are disposed extending along a first direction ( such as X-direction) 

and the SDB structure 34 is disposed extending along a second direction 

(such as Y-direction), in which the SDB structure 34 preferably 
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separates each of the fin-shaped structures into two portions, 

including a first portion 28 on the left side of the SDB structure 

34 and a second portion 30 on the right side of the SDB structure 

34. 

[0016) Next, as shown in Fig. 7, a pattern transfer process is 

conducted by first forming a first hard mask 36, a second hard mask 

38, and a patterned mask 40 on the gate layer 20 while the patterned 

mask 40 not covering the SDB structure 34. In this embodiment, the 

first hard mask 36 and the second hard mask 38 are composed of different 

material, in which the first had mask 36 preferably includes silicon 

nitride and the second hard mask 38 preferably includes silicon oxide, 

but not limited thereto. The patterned hard mask 40 could be a single 

patterned resist or could be made of same material as the patterned 

mask 22 from Fig. 2, and in such instance, the patterned mask 40 could 

include a tri-layered structure such as an organic dielectric layer 

(ODL), a silicon-containing hard mask bottom anti-reflective coating 

(SHE), and a patterned resist. 

[0017) Next, as shown in Fig. 8, one or multiple etching processes 

are conducted by using the patterned mask 40 as mask to remove part 

of the second hard mask 38, part of the first hard mask 36, part of 

the gate layer 20, and part of the gate dielectric layer 18 to form 

a gate structure 42 adjacent to the SDB structure 34. It should be 

noted that no additional gate structure is formed directly on top 

of the SDB structure 34 during the formation of gate structure 42, 

however, dummy gate (not shown) could be disposed on an edge of the 

fin-shaped structures 14 to stand on top of both the fin-shaped 

structures 14 and the STI 16 at the same time, in which the top surface 

of the dummy gate is even with the top surface of the gate structure 

42. Preferably, the top surface of the STI 16 is slightly lower than 

the top surface of the fin-shaped structure 14 while the top surface 

of the SDB structure 34 is higher than both the top surface of the 

fin-shaped structures 14 and the STI 16. Moreover, the height of the 

SDB 34 protruding above the fin-shaped structures 14 is reduced 
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slightly during the etching process so that the top surface of the 

SDB 34 would become slightly lower than the top surface of the gate 

layer 2 0. Next, a cap layer 44 is formed on the fin- shaped structures 

14 to cover the gate structure 42 and the SDB structure 34 at the 

same time. In this embodiment, the cap layer 44 could include material 

such as SiN, Si02 , SiON, SiCN, or combination thereof. 

[0018] Next, as shown in Fig. 9, an etching process is conducted to 

remove part of the cap layer 44 for forming a first spacer 46 adjacent 

to the sidewalls of the gate structure 42 and at the same time forming 

a second spacer 48 on the sidewalls of the SDB structure 34. Next, 

source/drain regions 50 and/or epitaxial layers (not shown) are formed 

in the fin-shaped structures 14 adjacent to two sides of the first 

spacer 46 and second spacer 48, and silicides (not shown) could be 

selectively formed on the surface of the source/drain regions 50 

and/or epitaxial layers afterwards. In this embodiment, each of the 

first spacer 46 and second spacer 48 could be a single spacer or a 

composite spacer, such as a spacer including but not limited to for 

example an offset spacer and a main spacer. Preferably, the offset 

spacer and the main spacer could include same material or different 

material while both the offset spacer and the main spacer could be 

made of material including but not limited to for example Si02 , SiN, 

SiON, SiCN, or combination thereof. The source/drain regions 50 

could include dopants and epitaxial material of different conductive 

type depending on the type of device being fabricated. For example, 

the source/drain regions 50 on an NMOS region could include SiC or 

SiP while the source/drain regions 50 on an PMOS region could include 

SiGe, but not limited thereto. 

[0019] Next, a contact etch stop layer (CESL) 52 is formed on the 

surface of the fin-shaped structures 14 and covering the gate 

structure 42 and the SDB structure 34, and an interlayer dielectric 

(ILD) layer 54 is formed on the CESL 52. Next, a planarizing process 

such as CMP is conducted to remove part of the ILD layer 54 and part 

of the CESL 52 for exposing the gate layer 20 made of polysilicon, 
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in which the top surface of the gate layer 20 is even with the top 

surface of the ILD layer 52. 

[0020] Next, a replacement metal gate (RMG) process is conducted to 

transform the gate structure 42 into a metal gate. For instance, the 

RMG process could be accomplished by first performing a selective 

dry etching or wet etching process using etchants including but not 

limited to for example ammonium hydroxide (NH4 0H) or 

tetramethylammonium hydroxide (TMAH) to remove the second hard mask 

38, first hard mask 36, gate layer 20, and even gate dielectric layer 

18 from gate structure 42 for forming a recess 56 in the ILD layer 

54. 

[0021] Next, as shown in Fig. 10, a selective interfacial layer 58 

or gate dielectric layer (not shown), a high-k dielectric layer 60, 

a work function metal layer 62, and a low resistance metal layer 64 

are formed in the recess 56, and a planarizing process such as CMP 

is conducted to remove part of low resistance metal layer 64, part 

of work function metal layer 62, and part of high-k dielectric layer 

60 to form metal gate 66. Next, part of the low resistance metal layer 

64, part of the work function metal layer 62, and part of the high-k 

dielectric layer 60 are removed to form another recess (not shown), 

and a hard mask 68 made of dielectric material including but not 

limited to for example silicon nitride is deposited into the recess 

so that the top surfaces of the hard mask 68 and ILD layer 54 are 

coplanar. In this embodiment, the gate structure or metal gate 66 

fabricated through high-k last process of a gate last process 

preferably includes an interfacial layer 58 or gate dielectric layer 

(not shown), a CT-shaped high-k dielectric layer 60, a CT-shaped work 

function metal layer 62, and a low resistance metal layer 64. 

[0022] In this embodiment, the high-k dielectric layer 6 0 is 

preferably selected from dielectric materials having dielectric 

constant (k value) larger than 4. For instance, the high-k dielectric 

layer 60 may be selected from hafnium oxide (Hf02 ), hafnium silicon 
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oxide (HfSi04 ), hafnium silicon oxynitride (HfSiON), aluminum oxide 

(Al203), lanthanum oxide (La203), tantalum oxide (Ta20s), yttrium oxide 

(Y203), zirconium oxide (Zr02), strontium titanate oxide (SrTi03), 

zirconium silicon oxide (ZrSi04), hafnium zirconium oxide (HfZr04), 

strontium bismuth tantalate (SrBi 2Ta20 9 , SBT), lead zirconate titanate 

(PbZrxTii-x03, PZT), barium strontium titanate (BaxSr1 _xTi03, BST) or 

a combination thereof. 

[0023] In this embodiment, the work function metal layer 62 is formed 

for tuning the work function of the metal gate in accordance with 

the conductivity of the device. For an NMOS transistor, the work 

function metal layer 62 having a work function ranging between 3.9 

eV and 4.3 eV may include titanium aluminide (TiAl), zirconium 

aluminide (ZrAl), tungsten aluminide (WAl), tantalum aluminide (TaAl), 

hafnium aluminide (HfAl), or titanium aluminum carbide (TiAlC), but 

it is not limited thereto. For a PMOS transistor, the work function 

metal layer 62 having a work function ranging between 4. 8 eV and 5. 2 

eV may include titanium nitride (TiN) , tantalum nitride (TaN) , 

tantalum carbide (TaC), but it is not limited thereto. An optional 

barrier layer (not shown) could be formed between the work function 

metal layer 62 and the low resistance metal layer 64, in which the 

material of the barrier layer may include titanium (Ti), titanium 

nitride (TiN) , tantalum (Ta) or tantalum nitride (TaN) . Furthermore, 

the material of the low-resistance metal layer 64 may include copper 

(Cu), aluminum (Al), titanium aluminum (TiAl), cobalt tungsten 

phosphide (CoWP) or any combination thereof. 

[0024] Next, a pattern transfer process is conducted by using a 

patterned mask (not shown) as mask to remove part of the ILD layer 

54 adjacent to the metal gate 66 and SDB structure 34 for forming 

contact holes (not shown) exposing the source/drain regions 50 

underneath. Next, metals including a barrier layer selected from the 

group consisting of Ti, TiN, Ta, and TaN and a low resistance metal 

layer selected from the group consisting of W, Cu, Al, TiAl, and CoWP 

are deposited into the contact holes, and a planarizing process such 
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as CMP is conducted to remove part of aforementioned barrier layer 

and low resistance metal layer for forming contact plugs 70 

electrically connecting the source/drain regions 50. This completes 

the fabrication of a semiconductor device according to a preferred 

embodiment of the present invention. 

[0025] Referring again to Fig. 10, which further illustrates a 

structural view of a semiconductor device according to an embodiment 

of the present invention. As shown in Fig. 10, the semiconductor 

device preferably includes a fin-shaped structure 14 disposed on the 

substrate 12, a SDB structure 34 disposed within the fin-shaped 

structure 14 while protruding above the fin-shaped structure 14 and 

dividing the fin-shaped structure 14 into a first portion 28 and a 

second portion 30, and a gate structure or metal gate 66 disposed 

on the first portion 28. Preferably, the top surface of the metal 

gate 66 is even with or slightly higher than the top surface of the 

SDB structure 34, the fin-shaped structure 14 is disposed extending 

along a first direction while the SDB structure 34 is disposed 

extending along a second direction, in which the first direction is 

orthogonal to the second direction as shown in Fig. 5. 

[0026] The semiconductor device also includes a first spacer 46 on 

the sidewalls of the metal gate 66, a second spacer 48 on the sidewalls 

of the SDB structure 34, a CESL 52 disposed adjacent to the first 

spacer 46 and extending to cover the second spacer 48 and SDB structure 

34 while contacting the SDB structure 34 directly, and source/drain 

regions 50 disposed in the fin-shaped structure 14 adjacent to two 

sides of the first spacer 46 and second spacer 48. 

[0027] Those skilled in the art will readily observe that numerous 

modifications and alterations of the device and method may be made 

while retaining the teachings of the invention. Accordingly, the above 

disclosure should be construed as limited only by the metes and bounds 

of the appended claims. 
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I El Jshou-Wei I ~sieh I El 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City Esinchu City IICountry of Residence i I~ I 

Mailing Address of Inventor: 

Address 1 5F., No.2, Ln. 476, Sec. 1, Guangfu Rd. 

Address 2 

City I J-isinchu City I State/Province 11 

Postal Code 11 I Countryi I~ 
All Inventors Must Be Listed - Additional Inventor Information blocks may be I Add I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number )7765 

Email Address winstonhsu@naipo.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Attorney Docket Number NAUP3064USA I Small Entity Status Claimed □ 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) I~ I Suggested Figure for Publication (if any) 11 
Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

,-
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 
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Attorney Docket Number NAUP3064USA 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Publication Information: 
□ Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

□ 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner IO Limited Recognition (37 CFR 11.9) 

Customer Number ~7765 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status I I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I I I· I 
Additional Domestic Benefit/National Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDXi the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the lime period specified in 37 CFR 1.55(g)(1 ). 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

J/01710516576.7 f:N J/017-06-29 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

□ 16,2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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NAUP3064USA Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDXl - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Tille 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

• Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

Person to whom the inventor is obligated to assign. I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1~1 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~NITED MICROELECTRONICS CORP. 

Mailing Address Information For Applicant: 

Address 1 No.3, Li-Hsin Road 2, Science-Based Industrial Park 

Address 2 

City Hsin-Chu City State/Province 

Country I !rw Postal Code 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b ). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VWinston Hsu/ Date (YYYY-MM-DD) 12017-07-26 

First Name r'inston I Last Name I ~su Registration Number 141526 

Additional Signature may be generated within this form by selecting the Add button. I Add I 
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Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

This collection of information is required by 37 CFR 1. 76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of lime you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

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

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

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

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

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

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

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

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

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

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1. 14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

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

APPLICATION 
NUMBER 

15/660,991 

27765 

FILING or 
37l(c)DATE 

07/27/2017 

GRPART 

UNIT 

2812 
FIL FEE REC'D 

1600 

NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION 
5F., No.389, Fuhe Rd., Yonghe Dist. 
New Taipei City, 
TAIWAN 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

NAUP3064USA 18 2 
CONFIRMATION NO. 8497 

FILING RECEIPT 

1111111111111111111111 m~m11mu111~~ 11111111111111111111111 

Date Mai led: 08/03/2017 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. 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 

lnventor(s) 

Applicant( s) 

Chun-Hao Lin, Kaohsiung City, TAIWAN; 
Hsin-Yu Chen, Nantou County, TAIWAN; 
Shau-Wei Hsieh, Hsinchu City, TAIWAN; 

UNITED MICROELECTRONICS CORP., Hsin-Chu City, TAIWAN; 

Power of Attorney: The patent practitioners associated with Customer Number 27765 

Domestic Applications for which benefit is claimed - None. 
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for 
domestic benefit. See 37 CFR 1.76 and 1.78. 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 
CHINA 201710516576.7 06/29/2017 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 
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Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual 
property Office that participates in the Priority Document Exchange (POX) program or contains a proper Request to 
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the US PTO will attempt 
to electronically retrieve these priority documents. 

If Required, Foreign Filing License Granted: 08/02/2017 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 15/660,991 

Projected Publication Date: 01/03/2019 

Non-Publication Request: No 

Early Publication Request: No 
Title 

SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

Preliminary Class 

438 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/660,991 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 18 (37 CFR 1.16(i)) 
minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 420 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1600 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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Pl 7127554 

1. -#~1J1t-t~1,t.Jt14a~ 77ii-, ~¾: 
5 -JfJ A-~ ~k.MlftJ r-£.AJ::.; 

-JfJ A- i~ ii:J F~ • r i.i ~ Rit :tg %J ~ ; 

~A--~&r~~RMlrtJa~A~~~J::.; 

*~~~~-~&-~~~~RMlrtJ~a~~~A~~-~~A-~ 

o; ►::;_a 

10 -JfJA--fr-~&ri.i~ o 179 fJ,-JfJA-if-.tt•F~ $i M?fg o 
2. 10;/:x.;f1J~-t<-- 1 foJti!. ~ 77 *, )J ~¾r-JfJ A i.i iRJttll&z ~JJ -JfJ A-iRJttll Jr­

~ & r i.i ~ ~k. it lrtJ J::. o 
3. -:!{o;/:x_;f1J~5]<. 1 foJti!,~77*, jJ ~¾: 

-JfJ A-f!l ~ 1-t.J*i:lri.iiRJttll& J::.; vAa 

15 ;f1J Jt] i.i f!l ~ 1t.4*i:l~ 4*i:l* ~.g:~ ~i.i iRJttll&. ~ ~i.i iRJttll-fr-~ & vA a~ 
~i.i~ ~k.itlrt] vA-JfJ A i.i~ o 0 

4. -:!{o;/:x.;f1J~5]<. 1 ,6Jti!_ ~ 77 *, }J ~¾: 

~A~-fr-~&-r-~~O179~a~•~&J::.; 
f :J:1=1,ft.i.i-fr-~&fr13(_ i.i Jr-~& J::.~drT-iJJ J}i.iiRJttll& J::.~if, o 

20 5. -:!{o;/:x.;f1J~5]<. 1 foJti!.~77*, }J ~¾: 

~~A~if-.tt•~•MlrtJ~*~~~~-~&~r~if-.tt•~•MlrtJ 
~-JfJ A-iRJtt2titlrtJ o 

6. -:!{o;/:x.;f1J~5]<. 1 ,6Jti!_ ~ 77 *, }J ~¾: 

~A-~~&r~•~MlrtJa~if-.tt•~•MlrtJJ::.; ~a 

25 *~~~~~~&~~A---M~~r~-~MlrtJ~~a--~M 

F-~ ~ r i.i if.it. F~ • M lrtJ ~ o 

7. -:!{o;/:x.;f1J~5]<. 1 foJti!,~77*, Jt i:f=r i,i~ ~k.it:tg ~{} ~-- -71faJ Jis.1'f ..fl. i,i 

if-.tf. F~ • it ?fg ~g. ~ --~ 77 faJ Jis 1f o 
8. -:!{o;/:x.;f1J~5]<. 7 ,6Jti!_ ~ 77 *, Jt i:f7 i.i- -71 faJ ¼ _n_ i.i- ~71 faJ o 

30 9. -:!{o;j:x_;f1j~5F-- 1 P}Ti£. ~ 7J *, Jt ,:f7 i,i 1J1Jt1'2l& ~¾ ~ le)\ h£ 0 

10. -:!{o;j:x_;fij~5F-- 1 P}Ti£.~7J*, Jl:.i:f7i,iiRJti'll&~¾~flcl\,?;_io 

1002 
96.7 
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1 1. 1o :f5l :f1J * 5j<.. 1 P)T ~ ~ ~ it- , Jt- 1t' ik 11'"" ~ & ~ ¼ ft..1,t.Ji_t o 
12. 1o:f5l:f1J*5j<.. 1 P}T~~~it-, Jt-i:f7-ik1J'""~&~,¼-_ft.,f,t.Ji_ta 
13. -#4*14'-Jt14-, ~¼: 
~~k.M#J, i~f-£.AJ:.; 

5 ~~-~~M#J,Rf~~RM#J~*~~~RM#J~~~--~~~ 
~ -~2.~-
71~ - ,,,, ➔ '_;7J ' 

iJJJtt~M#J' i~fik---%~~ J:.; YA-R. 

4~~~M~~&,Rf~-~M#J**~#£~~~-~~M#JJ:.o 
14. 1o:-f:5l:f1J** 13 P)T~aJ.i4*14'-Jt14-, .n ~¼: 

10 • - fs] F>¥-1£ , Rf ik iJJJtt~M ;rt; 1Ntl 1£; fA -R. 

-~M~1£,RT~~~-~~M#J~~,Jt-i:r~4~~~M~~&R 
f~--M~~~,a_~-~M~~J:.o 

15. 1o{5l:f1J*5j<.. 14 P)T~~2t-*14'-Jt14-, }1 ~¼-~if~f~if~!R:!~RTik 

•-fs] f,~1£~1Ntl~ik£.A~ o 
15 16. 1o:f5l:f1J*5j<.. 14 P)T~~2t-*14'-Jt14-, .n ~,¼--~7r~/~7r~JRJ~Rfik 

-~fs] F-~~~1Ntl~ik£.A~ a 
17. 1o{5l:f1J** 13 P)T~aJ.i4*14'-Jt14-, Jt-i:rik~R~t#J)&Jt---~foi 

~1f .i.Lik~it•f~ ~ ~t#J)&!t--~~fo1~1f a 

18. 1o:-f:5l:f1J** 17 P)T~aJ.i4*14'-Jt14-, -1--i:rik•-~foi½j[_ik•~~ 
20 foJ 0 

2 
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Pl 7127554 

-ti..,,!(4JiJi\ 

*a~~a-#~~+-!r-*~*~~*,~~~~a-#~~~RM~ 

vA 7fJ A~.tt1ttf~ li5 (single diffusion break, SDB)M~ aJ.i ~i¼ o 

10 ;tFJb $-1§..,,i( 

ili if-~, F~~ ½ 3tk ll1 *'if (field effect transistors, FE Ts )~14 JZ. -t #tt J~t,m 

,J,, JYl~ f oo A.(planar)½3tka11*/f ~14aJ.i a/k ~ oo 1l(bi1J~1.. t:J:. aJ.it,aFRo /;; 

-y JtJJll i 1J~1.. t: FR i 1J, VA ;Jf f oo(non-planar)aJ.i ½3tta11*/f ~14' 1f11a~R½ 

t-k.aEfu*/f (fin field effect transistor, Fin FET)~14~Jfx.1\f oo aEfu*,f- ~14 ~A 

15 /;; m flifaJ.i ..i.~1fla/kit!!/.f o d7 r~~k.½3tka11*/f ~14aJ.i iL*1t~ofJf hri1JlJtt,a £i 
~RM~~4~oo~,~~,or~-~~~-~~r-~~im..~g~~tt~, 

N~ ifT1 F.$--1/i ,J, JZ. -t ~14 oo 1l{b aJ.i iwi t,a 5 J a jj~ 17 F.$--1/i( drain induced barrier lowering, 

DIBL)3&.EZ., -#-of vA-t~ri1J*iiim..~3&.EZ.(short channel effect, SCE)o 1t;:tf-, d7 r 

~ R½ 3tka11*/f ~14 ,Ii:_~ ;J:f aJ.i 1JlJtt,a R£ r ½J!..~ ~Jt aJ.iim..~'.Yt£, ~ ifTJof R 
20 ,1.f hri1¾aJ.i iwJi,a~JK-i}J ~ ~liLo ~ifTJ, aEfu*/f ~14 ~ 1l{b!il ~&(threshold voltage)~ 

o[im_~~~-~~~~-m}~~~tto 

,/i:_mff~~R½3ttA*/f~#~~1..t:t,~RM~~~~A~~~li5 

~im..~½~~~~A~~~~~RM~~~~~~~A~~,~~-A~­

~~~A~~-~li5M~-#-~~RM~~~/;;A~~o~m1m~~~-~li5 

25 M~~½£•~~~~1..t:,/J:_~~J:.~4,/i:_*§~4,~~~M~~m~~ 

~k.th 3tt aEfu ** i 1J ~ 1.. t: £i ~~ flp /;; JYl~-~ ~i*4 o 

aaJJ V'1 $-

/;) fljf ;}cJ:_ji_ )'p).' *a a}] - ~ ~1f1J &ff--# i 1J1,t +-!r-*~14 aJ.i ~ * 0 it 
30 ~~A-~RM~r~AJ:.,~~~A-~~~li5r~RM~~~'~A­

-~&r~RM~a~~~~J:.,~~~~-~&.~~~RM~~a~~ 

1003 
96.7 
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*~~~-~~~~~-#4f*~#,~__i_~~¼-~RM~Rf­
£A~--~~-~-M~Rf~RM~~¾~~~RM~¼~~--~¼ 

5 ~-~~¼.--~M~Rf~--~¼~cta-~~~~~~~~Rf* 
~M~*¾~#£~~-~~M~~-

i;rt 00 i}L a}] 

00 1 £00 10 ~*~aJJ-~~1§1~1J1"F-4f*~14-aJ.J~*-F~00" 
10 1~~14-1-f --si}LS}] 

12 £A 14 ~~k¾l-~ --f:J .....-a 

16 )~jtJf~~ 18 ;,j;JJJt*~lf-1£i~ 
20 fJJJt*~~ 22 00 ~ 1-t.-t-t-il 
24 ~o 26 ~o 

28 ---¾F¼ 30 J;pA:k - ~F./.."'--
--P 71 

32 Jf-1£i~ 34 ~.tt•f~fltiM~ 
36 - -i_t -t-t-il 38 - ~i-t-t-t-il 
40 00 ~ 1-t.-t-t-il 42 :tJJJt*~~t~ 
44 :iJ!.~~ 46 - - fa] F>f-1i! 
48 - ~ fa] F>f-1i! 50 ~ *~liwi *~ JR J~ 

52 .J¾ .ffl!k ~~ 1;~ ~1] 1+ ~~ 54 ~ fa] Jf-1£i ~ 
56 I!!]~ 58 ¼nt~ 
60 ~ Jf-1£i 1f 1t Jf-1£i ~ 62 :r/J~zR½£~ 
64 1~ Fll.frt½ £ ~ 66 ½£:tJJJt*~ 
68 i-t.t-t-il 70 .J¾i½-ti~ 

**~~~A 
*~~001£002, ~t001~*~~-~~~~~-4f*~*~~ 

:ffll ru , ru 2 ii. 4-¾F ~ ru 1 t Yt} ~+JJ t~ AA'~ *'1 \10-F ~ ru , ru 2 ii" 4-¾F _ro,1 ~ ru 
15 1 t~g-~+JJ~ BB'~%1JurJ-F~00. 1o00 1 £00 2 P)T-F, it;t-t~1#-£A 12, 

1f11o-;;.t£A~;;_t~t@.~t.(SOI)£in... ?A/6-ffJA~ 1--~Rtt~ 14 f £A 12 
2 



11111111111111111111 ll1111111111111111 lllll lllll llll 1111111111111111 
20170629 

2017105165767 

L-~*~~~t,Rr£Al2L~§fRM~l4§~~~~~,~fflRI 

~§fRM~-~~~*a?£%*~•~*' *~NJ~r~. 
*-tJ! *~ aJ] ~1fu~ ~~1f1, §f ~kit~ 14 ~ 1i.i©.:ii11J!tl1i! 00 • .$½;~}(sidewall 

image transfer, SIT)~-ti..~t1Hf, $.-;fl.;f :k.fi ~.:t-&-: -t~1#-;$" $J 00 .£ ~Jlit i 
5 tJt, *f&iii!. ~ J-tif£*YA ~f;tm;{t Jll ~ ru •:.t.x.. r JcA-t-il t. J6it ~ i©.:iift~11 

a~~~~..:r..~,~MA§+~~n~~~ru•~•~&r£AL,*Jt-+ 

JJu j,r,xJL£JJt~~k. zl6*1f ~1-t)x.:fRa-ti~11 t 1Ht ..:r.. ~, YA r ru •1-t.4~41.& ~ 

~~~MAM~~-~~¾~00-~-~&,*~M~~~••T~ff~~ 

~~..:r..~,*~M~~ffl~A~ffi-~##££A~,*#~§fRM~~~ 

10 t 1J~..:r.. ~(fin cut)rfQR1f P)T%aJ.i 00•1-t.it~, 1f11°~Rffi.1-t.§fRM~. 

~ ir.Z>'r , §f ~kit~ 14 ~ ifJ A~ A 5l ~ ~ ¼ Jt. ifJ A- 00 • 1-t..t-t-il( 00 ~ 

-F)T £A 12 L' *f&ii-1i~1] t 1J~..:r.. ~' ~f ru •1-t..t-t-ilaJ.; ru • .$½:fJ ££A 
12 tYA-ffJA§f~kttttJ 14. JJj,r, §f~ktt~ 14 aJ.;-ffJA~A-t/!..~YA}t.-ffJA-00 

•1-t.i-t.t-t-il&cru ~-F)r£A 12 L, *:f1Jm 7r~t1111=..:r.. ~ r,i;.1!::±: 00•1-t.i-t 

15 .f-t-il& aJ.i£A 12 LA*:±: 1f~-3to ~,i--;;_t4tt~ --=¥--!¥-#--.&, ifQ tt--t-!¥-#--.&rtp~ 11= 

~~~B~§fRM~l4. ~~MA§fRM~l4~~~~~£*~~ffl~• 

aJ.i tE. !1l . 
f',,#_)6-ffj A-i~jt] f~ ~ (shallow trench isolation, STI)l6 l1'~Jt.§f Rit~ 14. 

~*~~1f1 t, -ffJ Ai?t)tJ f~ ~ 16 ~~A~ Jt.:f1JJlJ-~~iL-iJJ 5-\1-t.~ q_,;tm)x.:f;; 

20 (flowable chemical vapor deposition, FCVD)t1J~..:r.. ~ ifJA-ft..1,t.;;.t&r£A 

12 L * 1c.¼£•§f Rit~ 14. 1¾~ :f1J)l] 1-t. ~illtA,?;Jf Af(chemical mechanical 

polishing, CMP)t1J ~ ..:r.. ~ *.f~~e, ,ti ~1] t 1J ~ ..:r.. ~ ¾ F,~~ ¾ ft_.,f ,t.;;.t& , 1~~1] ~ ~ 

ft..1-t.;;.t&1~r§fRit~ 14 ~m1YA*JA/~.itJ F~~ 16. 

1¾~*lf*JA-;J;mtt2t¼~& 1s YAa-;J;mtt2t& 20 *Jt.¼£• r§f~kit~ 

25 14 EJ )~ itJ f~ ~ 16 L, f',,#_ 16 ifJ A- 00 • 1-t..t-t-il 22 r ;J;HJJ-tll& 20 L, -1-- t 00 • 

1-t..f-t-il 22 Jl-:1r--Jt O 24 ,l;.1!: tl:: ~~¾;J;mttll& 20 ~tfu O ~*~~1§1 t' ;J;mttll 

¼~& 1s ~1± ~¼ft..1-t.;;.t, -tmtt2t& 20 JJ1J~~ m dplf l'l\;;.tYAa§ 1'1\;;.tfoJtttiA 

aJ.; $f tiI. 0 JJ 7f ru • 1-t..t-t-il 22 ~ ~¼-:1r ill¼~ &( organic dielectric layer, 

ODL) , - ¼ ;;_t Ji_ .f-t- il ~ .tit&. M (silicon-containing hard mask bottom 

30 anti-reflective coating, SHB)&YAa-ru •1-t.JtJkqit,iifi1J' AT ru •1-t..t-t-il 22 

t ifJ A-Jt p 24 aJ.; ffe. ~ ;f1J JlJ ru • 1-t.JtJk.tit-ii fi1J ~ .f-t-il¾ ~~~¾,¼;;_t,1,_t .f-t-il 

3 
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~ .t;t&.-M fk~ -¾F 7} ~ ;i:JL,fr'l!.. 1k ~itA o 

-Jto 00 3 JiJt-iF, ?AJ6 :l1LltJ m •-1-tiJ-t-;rl 22 ;l;.f-t-tlil1A-t-1i~IJ-$1Jft .r.. t:, iR 

;f-!-M~-~7}iJJJtt~/k 20, ~7}iJJJtt~Jr'l!../k 18 liA&.~7}~Rit#;J 14 ►A-JfJA-Jt o 

26, fr~ at~t~~kit#;J 14 7}F~;l; iJ;J;i-¾F7}, ~.:t-&-1i:.f-Jt o 26 E-1JJ!tla'-J~--¾F7} 

5 28 ~1i:.f-Jto 26 i;1JJJtla'-J~-=-~7} 30o 

F:i!J6 ,to f!l 4 P}T-iF , -JfJ A--'f- J:B a'-J Jr 'l!.. fk 3 2 f-Jt O 26 r;kJ f:j iJJJtt~/k 2 0 J:. , 

Jt-r:f=r Jr'l!../k 32 ~1i.J$!-iwJ-Jt o 26 Klr'l!..!k 32 J:.~do~ 1i. ~ f iJJJtt~/k 20 J:.~ 

do o ,(f.;f,.~~171 r:f=r, Jr'l!..!k 32 f:i i~itJ F~ ~ 16 ~1i. ~¾~ ~ tt{f, 171-JtoJJ!-A 

fro 26 r;kJ a'-Jlr'l!../k 32 ~ 1i. ~¾~1,tii;_lifJ ititJ F~ ~ 16 ~¾.ft..-1-tii;_t, 1.a ~$J 

10 FR f .J;t, iR-t%;f..£aJJ-~~1f1lr'l!..!k 32 5l tif ~ i~itJ F~ ~ 16 ~JfJ ;!:m ~ #{-t, 

1f1 ,to~ Jf-t- ~¾ ft.1-l::iAi.l, Jl:t ~ ~ 1f1-t!!..£ ;f..£ aJJ P}T ~ A a'-} M. !1l o 

*4•~~005Eif!l6, f!l5;l;4~004~ft4~~~#a'-)J:.~f!], 00 

6 .i. 4-¾F ;l; 00 5 r:f=r 5& • +JJ ~ CC' a'-} ¾1J do -iF ~ 00 , 00 6 i; 4-¾F PJ1J ;l; 00 5 r:f=r 5& • 

+JJ ~ DD' a'-} ¾1J do TF ~ f!l o ,to f!l 5 .f.. f!l 6 P}T TF , ?A )6 ilr. ,1-j---'f- J:B 1-l::i-$1J ft 1.. t: , 

15 1f1-Jto:l1J JfJ 1-l::i ~ ;i:JL;t,#.,1ijf M--$1J1'1= 1.. t:-!- ~~7}Jr'l!../k 32 fr1Jt.t1J ~a'-} Jr'l!../k 32 J:. 

~do~4~3}-~/k20J:.~do,~~~A-*it•~~M#;J34~~-f-~R 

it#;J 14, -#-f14+JJ3}iJJJtt~/k 20 J:.~doo -ltof!l 5 a'-JJ:.:ffll.OOJiJt-iF, ~~~k.M#;J 

14 ~1i.5& •-~ -jj"f.iJ(171-Jto X jj"f.iJ)Jis1'f ifJ*;}f•F~ ~ it#;] 34 ,PJ1J~1i.5&. 

-~_::_jj"f.iJ(1f1-lt0 Y jj"f.iJ)Jis1f~l~~~kM#;Jjf-~ at~t~~~k.M#;J7}F~;l; iJ;J;i~ 

20 7}, 1f1-Jtoii.-r*-tt•F~~it#;J 34 E-1JJ!tla'-J~-~7} 28 f:i;{;1JJJtla'-J~_::_-¾F7} 300 

,to f!l 7 P}T,F, F:i!J6 >tt iJJJtt~/k 20 ilr.-f-t-f!J ·4½~J-$1J1'1= 1.. t:, 171-JtoJt.fRJf 

-JfJA-~-J,i!_;f-t-;i:,l 36, ~_::_,1,J!.J-t-tl 38 ►A&.-00.1-ti.f-t-tl 40 fiJJJtt~/kJ:.Kf!] 

*1-tiJ-t-tl 40 ~1i.~~A*-tt•F~ ~ M#;J 340 ,(f.;f..~~1f1 r:f=r, ~-ii!..t-t-tl 36 

~ ~_::_JJ!..f-t-;i:Jt 38 ~1i. ~¾~ ~ k-f{4-, 171-Jto~ -Zi!_J,t-;i:Jt 36 ~1i. ~¾ft.-1,l::iJ;_lifJ 

25 ~_::_,1,J!.J-t-tl 38 ~1i. ~¾ft.1-tiAi.l, 1.a ~$J FRf tto 00 *1-tiJ-t-tl 40 tif ~¾*­

m •~~ft.t;t~M, ~tif~002~~Aa'-if!l*~*•22~~m~##, ~ 

-Jtotif~¾-~;rJLJr'l!../k(organic dielectric layer, ODL), -,¼Ai_l1ii!_.f,t-;i:_l~;f,;t&_ 

-M(silicon-containing hard mask bottom anti-reflective coating, SHB)/k ►A&.-

OO *~~ft.t;t~M ~~/kM#;J, ~~~~~~£;f..£~~~Aa'-JM.!1lo 

30 -Jto 00 8 JiJt-iF, .J¾. :l1J JfJ 00 * 1-tiJ-t-tl 40 ;l; .t-t-tlili 1-t-,k.~ 37 ,k. 1i~1J -$1J 11= 

1.. t:, 1:R;f-!-~~7}~_::_JJ!..f-t-tl 38, -¾F7}~-1ii!..f-t-tl 36, -¾F7}iJJJtt~/k 20 YA 

4 
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&. ¾F 7J"" iJJJt:-f'2I.. ¼~A. 18 ' VA -t *.tt 1ft F~ • ~t ~ 3 4 ~ -1fJ A -iJJJt:-f'2I..~t ~ 4 2 0 111. ii 
~•~~,~~A-~M~42~*~-~-M~34L~*~~A~~-~ 

it~, 1.a~~kit~ 14 ~jjz_t~~"fi~;;ff J.iJ[iJJJt*2I..(f!l ~~)~ ~~~~~kit~ 

14 ~i\itJF~- 16 L, mJ[iJJJt:-f'2I..L;R.oo"f+JJ3}iJJJt:-f'2I..M~ 42 L;R.oo, nvA~Ji.. 

5 if11:~\itJ F~. 16 L;R.oo~1i.41~-t~R~t~ 14 ;R.oo if7*.tt1ftF~. it~ 34 

L;R. m, JJJ1J ~ at~ -t ~ ~kit ;J:i:J 14 ~ i\ itJ F~ ~ 16 L;R. m, o Jl:t5'r , ~ t!:: -t ~ Rit 

~14~*~-~-M~34½~~~~~~1t:~~~m4~-t-~A.2O 

a~L;R.oo, 1a{73~t!::-t~~kM~ 140 F~Jfi"f-1fJA-JJ!_£A, 44 -t~~kM~ 14 

L*,1!.__£iJJJt*2t.it~ 42 b:i*.tt1ftF~ ~ it~ 340 ~4',.~~1§1 i:f=', JJ!_£A,- 44 <if~ 

1 o ½ ~ 1-t.;;_t, ft..1,t.;;_t, ~ ft..1,t.;;_t, ~;;-£.1-t.;;.tA-Jt-til½ foJt ;,1:1:J A, 1.a ~ Ah Ftl -t Jl:t o 

~Jfi~f!l9ffl~, *~-~~~~1t:*~~71"":!J!_£&«~~A-­

-M~~46-t•~M~42~~*~~~A-~M~~48-t*~•~•M 

;,j:1:J 3411J!tl~o 1¾~-t--fa] Fi¥-~ 46 b:j-~fa] F,lf-~ 48 ~11J!tla~~~kft;ij:1:J 14 vA&. 

IA£A 12 i:f='-1fJA~:-f'2I..liwi*2J..IRJ~ 50 &./Aftr~A.-(f!l ~~), *~*•r1.-t~:-f'2I../ 

15 iwi:-f'2I.. IR;!~ 50 &./ A 7r ~A. a~ ;R. m,-1fJ A-½ £;;.t1t.~h( ru ~ ~) 0 ~4-,. ~ ~1§1 i:f=' ' 

--M~~46b:i-~M~~48~71""~~*-M~~~~,~~"f~~~~ 

¼AM~~,~~"f~~~½-~~M~~~&.-~M~~o-1--i:f='~~M~ 

~ b:i ~ faJ Fi¥-~ <if ~¾~m ~A~ ~ tt;;t+, n ~ ½ :t1:J <if~ m tl7 ft..1-t.;;.t, fc..1-t.;;.t, 

~ ft..1,t.;;_t VA&. ~»-£.1,t.;;_lp)T ;ij:1:J A ~~ill O ~ :-f'2I..I iwJ *g__ IR J}t 5 0 <if 1-i<..{% P}T 1[ ~ 1'1~ ~ 

20 ,lf~-!f-~~Am~¾~~;j~]t, 1f~1o"f~¾P ~~;tA N ~;j~]t o 

F~Jfi-1fJA-1¾~)P],ti~1J1,f J.1:..A.- 52 -t~~k~t~ 14;R.m1*,1t.__£iJJJt*2t.~t~ 42 

~*~1!tF~ /ij it~ 34, -1t-1fJ A-A. fa] ¼~A. 54 -t1i-~~P11i~1J1,f J.1:..A.- 52 Lo 
PtJfi*1-t--,r-fc11t.1fi1J11= it:, 1f11o;f1J Jfl 1-t.!ifai=Jl,~~kJr M*~¾F71"" A. fa] ¼~A. 54 

~~71""4~~~~~J.1:..A.-52*4at!::tl7~A~##ffl~A~•~A--2O, ~ 

25 iJJJt:-f'2I..A. 20 L;R. m, b:i A. fa] fr~ A. 52 L;R. m, 3}-f- o 

F~Jfi*1-t-½£iJJJt:-f'2I..J[{~1fi1J1t1 t:~tiJJJt*2t.it~ 42 if½{~~½£iJJJt*2I..o ~ 

1f1 ~ iJL , <if A.* 1-t-~ * ,t1. a~ f- ,ti ~1J A ii& ,ti ~1J 1fi1J ~ 1 t: , 1f11o ;f1J Jfl .ft.. 7J<.. 

(ammonium hydroxide, NILiOH) A fl. fl. 1-t. T!!1 ~ <tic- (Tetramethylammonium 

Hydroxide, TMAH)~,ti~1J~)?l~*~iJJJt*2t.it~ 42 1t' a~ -~,@U-t-i=l 38, --

3 0 1i_t -t-t-tl 3 6 , iJJJt*2I..A- 20 -l- £iJJJt*2I.. 1r ~ A. 18 , VA -t A. fa] 1r ~ A. 5 4 1t' -1fJ A l!:G ;jf 
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1vf!l 10 fJTiF, Zl61R;f-JfJA-~.tt•t1.¼~~ 58 AiRJt:.tg__Ji'-~~- -~¼ 

~1f•¼~~ 60, -1/)~•½£~ 62 YA&.-1fif-ll;f;t.½£~ 64 rI!!JftA, r.& 

16:ilr-f-t-f3:8 1-tit1J1,t..:r.. 't:, 1f11o:f1J)f] CMP -¼F-~~J}1fif-ll;f;t.½£~ 64, .g:~J} 

1/J~-½£~ 62 !:j.g:~J}~Ji'-~1flt¼~~ 60 YA-JfJA½£iRJt:.tg__ 660 Fi11.J6tif-¼ 

5 ~~J}~f-ll;f;t.½£~64, ~J}1/J~-½£~64~&.~J}~Ji'-~1f-¼~~ 

60 YA -Jfj A I!!J~(f!J 5f;-7F), -1f.JJ!-A-tl71f11o ft_.1-tiJi_½p)T;/:t) A {J{J;G_t~:,yJt 68 f-1!!1~ 

17-l }f-1~1i_t ~tl 68 J:.~ ifu-tJJ J} ~la]¼~~ 54 J:.~ ifu O f}. ~ ~ ~1f1 :f1J ft] )6 ~ ¼ 

~ 1f •¼~~t1J1,t..:r.. t: foft1J1,t aJ.JiRJt:.tg__M#:J j;J 1f1J, fof-JfJ A aJ.J½ £iRJt:.tg__ 66 ~ 1i. 

~¾-¼~~ 58 AiRJt;tg__Ji'-~~- - u ~ ~¼~1f4t¼~~ 60, - u ~1/J~ 

10 Jt½£~ 62 YA&.-1fif-ll;f;t.½£~ 640 

~~~~~t,~¼~1f•¼~~60~¾¼~1f-kr4aJ.J¼~##, 

1f11o~ i%J ft..1-ti*(hafnium oxide, HfO2), ;;_½~ * ft..1-ti½{h(hafnium silicon oxide, 

HfSiO4), ;;_½ffift * ft_.ft..1-ti½4h(hafnium silicon oxynitride, HfSiON), ft..1-ti4g 

(aluminum oxide, Al2O3), ftA-ti4itl(lanthanum oxide, La2O3), ft..1-ti~(tantalum 

15 oxide, Ta2Os), fl..1-tiil(yttrium oxide, Y2O3), fl..1-ti4½(zirconium oxide, ZrO2), 

ik~i~ ( strontium titanate oxide, SrTiO3 ), Ji_lfilift4½.ft..1-ti½4h(zirconium silicon 

oxide, ZrSiO4), ,i½ijft *(hafnium zirconium oxide, HfZrO4), i~4i3l.~_ft..1-ti4h 

(strontium bismuth tantalate, SrBbTa2O9, SBT), 4½4"i.filit4fi(lead zirconate titanate, 

PbZrxTi1_xO3, PZT), 4i.filift4!J!~(barium strontium titanate, BaxSr1_xTiO3, BST), 

20 A-'A-fil½ foffilA aJ.J;Jf fiL 

1/1 ~Jt½£~ 62 ~1:t.m YA iflJ~-JfJ A½£iRJtig__aJ.i1/J ~Jt, 1~-1t-i!-m -t- N 

~ l')\1,$..,{f(NMOS)A P ~ l')\1,$..i{f(PMOS)o $°1')\1,$..,{f 7J N ~ l')\1,$..,{f, 1/J~Jt½ 

£~ 62 tif~ftl 1/J~-j;J 3.9 ~-=f-1k4½°(eV) - 4.3 eV aJ.J½£,t-t;jc-t, 1o4g1-ti4"k 

(TiAl), 4g1-ti-i½(ZrAl), 4g1-ti4~(WA1), 4g1-ti~(TaAl), 4g1-ti*(HfAl)A~-£1-ti4"k 

25 4g ( TiAIC) *, 1.a -1' fl. Jttj;J FR; * l')\1,$..,{f j;J P ~ l')\1,$..,{f, 1/J ~-½ £~ 62 

Pf ~ft] 1/1 ~-j;J 4.8 eV - 5.2 eV aJ.J½ £,t-t;jc-t, 1o m.1-ti4"i.(TiN), m.1-ti~(TaN) 

A~-£1-ti4°(TaC)*, {a-1'YAJitj;JFRo 1/J~4t½£~ 62 ~1rif-ll.:t;t½£~ 64 z 
fa] Pf ~ ¾ .n - l:ll Ff ~ ( f!l 5f;-1F ) , -'A- t l:ll Ff ~ aJ.J i-t ;jct Pf ~ ¾4"i. (Ti) , ft_.1-ti ii. 

(TiN), ~(Ta), m.1-ti~(TaN)*i-t#o 1ril:ll.:tit½£~ 64 JJ1Jtif~ !%J 4~(Cu), 4g 

30 (Al), 4~(W), 4_k.4g½½(TiAl), 4k~k41-ti4h(cobalt tungsten phosphide, CoWP) 

*1ri ~ Fll,t,t;jc-t A-'A-iil½ o 
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ZJ6 tif i1i 1-t-f!l ~ #:fJ ~1J ff 1.. t: , 1ftl 1o tif 11J JlJ - f!l ~ 1-t..t-lt-t:l-¼ Fi'-½ £iJlJt 

*~ 66 ~ if--.tt ti f~ ~ ft~ 34 ~ €r-J ~ ~ €r-J ,ff.: fs] fr~ ,ff.: 54 YA :HJ A~ 1---tl ib~ ( f!] 

~ ~) * ;J.Jt- tl: r drJ €r-J ~ t~I )MJ *~ JR .t~ 5 0 0 ~ )6 -1t-f-~.f¾ ~ ~Pl it .tJl-A P}T 11; a{]½ 

£#,J:t, 1ftl1o~,¼-4i.(Ti), ft..1-t.4i.(TiN), ~(Ta), ft..1-t.~(TaN)*a{J f-H.ff/f.:# 

5 ,ttYA&.~ m ~(W), 1~(Cu), 1g(Al), 4i.1g½½(TiAl), ik~;r;J',Ht.4h(cobalt 

tungsten phosphide, CoWP)*1~~ f-H.;f"t,ttAJt-tn½a¢J1~fll.f;t½£/f.:o ZJ6i1r. 

1-t--f- Je 1-t. ~1J 1,t .L -Z: , 1ftl 1o YA 1-t. ~ ;i=JtAikJf lft-¼ Fi'-~~½£ ;f-f ,J:+ YA~ J31J :HJ J#...f¾ 

ii-ti~ 70 -r-~.f¾ Jtk ~~ r,kJ ~ :i!A¾ ~ t~/~ t~ JR .t}~. so o £ Jl:t. f!p 1c. A~a aJJ 1£~ ~ 

~171 a¢J -f~{f..Jt14€r-J ~1Jf'F 0 

10 -it~0i~~,ijlf!l 10, f!l 10 JJ.f!iJt-~aaJJ-~~1ftl€r-J--f~1,f.Jt14a¢JM~ 

~~f!lo 1of!l l0P)T~, -f~{f..it14_i_~~¼-~~kft~ 14i~-f-£.A 12J:., 

-if--~-~~M~34R-f-~RM~l4r,kJA~tl:-f-~RM~l4}f-*~RM 

¥~114 ~f~j; --~~ 28 ~ --=-~~ 30 YA&.-iJlJti~ft~A½£iJlJti~ 66 i~-f­

- -~~ 28 J:., Jt- it ½£iJlJti~ 66 J:..:Rdotif-t»3f-A~~-f-if--.tttif~ ~ M~ 34 

15 J:..:Rdoo ~~~~1f1J,t, ~Rft~ 14 *•----jj-foJ~1fMif--~tif~~ft 

~34*•---=--jj-foJ~#, K---jj"fo}~~¼~--=--jj-foJ, ~~f!]5€r-JJ:. 

:fJiL f!l J>Jf ~ o 

Jl:t.5'r, -f~1,f.Jt145l~¼---fs] F-~~ 46 i~-f-½£iJlJtt~ 661ii!tl~, --=­

M ~~ 48 R-f-if--~-~~M~ 34 ~~- 4~~~~~~/f.: 52 R-f---M 

20 ~~46*}f-~#£--=-M~~48~if--~ti~~M~34J:.A~44~if--~ 

25 

tif~~ft~ 34, YAa.~t-&.l~t-&.JR.t~ 50 ~J3tli~-t---fEJ F-~~ 46 ~1ii!tlaJ.J~R 

ft~ 14 A.£.A 12 r,kJ ~ --=-fEJ F>¥-~ 48 ~1ii!tl€r-J~~k.M;J:i;J 14 r,kJ o 

YA J:. P}Ti.!_ 1x.;t; ~a aJJ aJ.i 1£~ ~ ~1PU , JLW..~a aJJ :f5l:f1J~.rj<._fo}T1ti €r-J .t1:J * ~ 

~~•~, ~~£~a~€r-J~A~~o 
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Period for Reply 
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earned patent term adjustment. See 37 CFR 1.704(b). 

Status 
1 )~ Responsive to communication(s) filed on 07/27/2017. 

0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)O This action is FINAL. 2b)O This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5)~ Claim(s) 1-18 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 
6)0 Claim(s) __ is/are allowed. 
7)0 Claim(s) __ is/are rejected. 
8)0 Claim(s) __ is/are objected to. 
9)~ Claim(s) 1-18 are subject to restriction and/or election requirement. 

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http:ilwww.usoto.gov/patents/init events/pph/index.isp or send an inquiry to PPHfeedback(wuspto.aov. 

Application Papers 
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Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
Certified copies: 
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Certified copies of the priority documents have been received. 
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The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

DETAILED ACTION 

Election/Restrictions 

Page 2 

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

I. Claims 13-18, drawn to device, classified in H01 L29/785. 

II. Claims 1-12, drawn to method, classified in H01L21/823481. 

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 the following can be shown: (1) that the 

process as claimed can be used to make another and materially different product or (2) 

that the product as claimed can be made by another and materially different process 

(MPEP § 806.05(f)). In the instant case the process as claimed can be used to make 

another and materially different product such that a contact etch stop layer is not 

formed. 

Restriction for examination purposes as indicated is proper because all the 

inventions listed in this action are independent or distinct for the reasons given above 

and there would be a serious search and/or examination burden if restriction were not 

required because one or more of the following reasons apply: 

(a) the inventions have acquired a separate status in the art in view of their 

different classification; 

(b) the inventions have acquired a separate status in the art due to their 

recognized divergent subject matter; 
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(c) the inventions require a different field of search (for example, searching 

different classes/subclasses or electronic resources, or employing different 

search queries). 

Applicant is advised that the reply to this requirement to be complete must 

include (i) an election of a invention to be examined even though the requirement 

may be traversed (37 CFR 1 .143) and (ii) identification of the claims encompassing 

the elected invention. 

The election of an invention may be made with or without traverse. To reserve a 

right to petition, the election must be made with traverse. If the reply does not distinctly 

and specifically point out supposed errors in the restriction requirement, the election 

shall be treated as an election without traverse. Traversal must be presented at the time 

of election in order to be considered timely. Failure to timely traverse the requirement 

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after 

the election, applicant must indicate which of these claims are readable upon the 

elected invention. 

Should applicant traverse on the ground that the inventions are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record 

showing the inventions 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 or pre-AIA 35 U.S.C. 103(a) of the other invention. 
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The examiner has required restriction between product or apparatus claims and 

process claims. Where applicant elects claims directed to the product/apparatus, and all 

product/apparatus claims are subsequently found allowable, withdrawn process claims 

that include all the limitations of the allowable product/apparatus claims should be 

considered for rejoinder. All claims directed to a nonelected process invention must 

include all the limitations of an allowable product/apparatus claim for that process 

invention to be rejoined. 

In the event of rejoinder, the requirement for restriction between the 

product/apparatus claims and the rejoined process claims will be withdrawn, and the 

rejoined process claims will be fully examined for patentability in accordance with 37 

CFR 1.104. Thus, to be allowable, the rejoined claims must meet all criteria for 

patentability including the requirements of 35 U.S.C. 101, 102, 103 and 112. Until all 

claims to the elected product/apparatus are found allowable, an otherwise proper 

restriction requirement between product/apparatus claims and process claims may be 

maintained. Withdrawn process claims that are not commensurate in scope with an 

allowable product/apparatus claim will not be rejoined. See MPEP § 821.04. 

Additionally, in order for rejoinder to occur, applicant is advised that the process claims 

should be amended during prosecution to require the limitations of the 

product/apparatus claims. Failure to do so may result in no rejoinder. Further, note 

that the prohibition against double patenting rejections of 35 U.S.C. 121 does not apply 

where the restriction requirement is withdrawn by the examiner before the patent 

issues. See MPEP § 804.01. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SHAHED AHMED whose telephone number is 

(571 )272-3477. The examiner can normally be reached on M-F 7:30 to 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-9820. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SHAHED AHMED/ 
Examiner, Art Unit 2823 

/SHAHED AHMED/ 

Examiner, Art Unit 2823 
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SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE 

SA1"1E 

Appl. No. : 15/660,991 

First Named Inventor : Chun-Hao Lin 

Filed 

TC/AU. 

Examiner 

Docket No. 

Customer No. 

: July 27, 2017 

: 2823 

: AHMED, SHARED 

: NAUP3064USA 

: 27765 

Commissioner for Patents 
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Reply to Office action of October 13, 2017 

Amendments to the Claims: 

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

application: 

Listing of Claims: 

1. (original) A method for fabricating semiconductor device, comprising: 

forming a fin-shaped structure on a substrate; 

10 forming a shallow trench isolation (STI) around the fin-shaped structure; 

forming a gate layer on the fin-shaped structure and the STI; 

removing part of the gate layer, part of the fin-shaped structure, and part of the 

STI to form a trench; and 

forming a dielectric layer into the trench to form a single diffusion break (SDB) 

15 structure. 

2. (original) The method of claim 1, further comprising forming a gate dielectric layer 

on the fin-shaped structure before forming the gate layer. 

20 3. (original) The method of claim 2, further comprising: 

forming a patterned mask on the gate layer; and 

using the patterned mask as mask to remove part of the gate layer, part of the 

gate dielectric layer, and part of the fin-shaped structure to form the trench. 

25 4. (original) The method of claim 1, further comprising: 

forming the dielectric layer into the trench and on the gate layer; and 

planarizing the dielectric layer so that the top surfaces of the dielectric layer and 

the gate layer are coplanar. 

30 5. (original) The method of claim 1, further comprising removing part of the gate layer 

2 
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after forming the SDB structure to form a gate structure adjacent to the SDB structure. 

6. (original) The method of claim 5, further comprising: 

forming a cap layer on the gate structure and the SDB structure; and 

5 removing part of the cap layer to form a first spacer adjacent to the gate structure 

and a second spacer adjacent to the SDB structure. 

7. (original) The method of claim 1, wherein the fin-shaped structure is disposed 

extending along a first direction and the SDB structure is disposed extending along a 

10 second direction. 

8. (original) The method of claim 7, wherein the first direction is orthogonal to the 

second direction. 

15 9. (original) The method of claim 1, wherein the gate layer comprises amorphous 

silicon. 

10. (original) The method of claim 1, wherein the gate layer comprises polysilicon. 

20 11. (original) The method of claim 1, wherein the dielectric layer comprises silicon 

nitride. 

25 

12. (original) The method of claim 1, wherein the dielectric layer comprises silicon 

oxide. 

13. (withdrawn) A semiconductor device, comprising: 

a fin-shaped structure on a substrate; 

a single diffusion break (SDB) structure in the fin-shaped structure to divide the 

fin-shaped structure into a first portion and a second portion; 

30 a gate structure on the first portion; and 

3 
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a contact etch stop layer (CESL) adjacent to the gate structure and extending to 

cover the SDB structure. 

14. (withdrawn) The semiconductor device of claim 13, further comprising: 

5 a first spacer on sidewalls of the gate structure; and 

a second spacer on sidewalls of the SDB structure, wherein the CESL is disposed 

on the first spacer and the second spacer. 

15. (withdrawn) The semiconductor device of claim 14, further compnsmg a 

10 source/drain region in the substrate adjacent to two sides of the first spacer. 

16. (withdrawn) The semiconductor device of claim 14, further compnsmg a 

source/drain region in the substrate adjacent to two sides of the second spacer. 

15 17. (withdrawn) The semiconductor device of claim 13, wherein the fin-shaped 

structure is disposed extending along a first direction and the SDB structure is 

disposed extending along a second direction. 

18. (withdrawn) The semiconductor device of claim 17, wherein the first direction is 

20 orthogonal to the second direction. 

4 
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The present application, filed on or after March 16, 2013, is being examined under the first 

inventor to file provisions of the AIA. 

DETAILED ACTION 

This action is responsive to application No. 15660991 filed on 07/27/2017. 

Information Disclosure Statement 

Page 2 

Acknowledgment is made of Applicant's Information Disclosure Statement (IDS) 

form PTO-1449. These I OS has been considered. 

Priority 

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

papers have been placed of record in the file. 

Election/Restrictions 

Applicant's election without traverse of claims 1-12 in the reply filed on 

10/24/2017 is acknowledged. 

Notice re prior art available under both pre-A/A and AJA 

In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 
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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 -

(a)(1) the claimed invention was patented, described in a printed publication, or 
in public use, on sale or otherwise available to the public before the effective 
filing date of the claimed invention. 

Claims 1-3, 5-11 are rejected under 35 U.S.C. 102(a)(1) as being anticipated 

by Xie et al. (US 2017/0243790). 

Regarding independent claim 1, Xie et al. teach a method comprising: 

forming a fin-shaped structure (Fig. 2A, element 205, paragraph 0020) on a 

substrate (Fig. 2A, element 210, paragraph 0020); 

forming a shallow trench isolation (STI) (Fig. 2A, element 225, paragraph 0028) 

around the fin-shaped structure; 

forming a gate layer (Fig. 2A, element 215, paragraph 0030) on the fin-shaped 

structure and the STI; 

removing part of the gate layer, part of the fin-shaped structure, and part of the 

STI to form a trench (Figs. 2D-2F,element 265, paragraph 0025-0028); and 

forming a dielectric layer (Fig. 2G, element 275, paragraph 0029) into the trench 

to form a single diffusion break (SOB) structure (Fig. 2G, element 272, paragraph 

0029). 

Regarding claim 2, Xie et al. teach further comprising forming a gate dielectric 

layer on the fin-shaped structure before forming the gate layer (paragraph 0023). 
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Regarding claim 3, Xie et al. teach further comprising: forming a patterned mask 

(Fig. 2B, element 250, paragraph 0024) on the gate layer; and using the patterned mask 

as mask to remove part of the gate layer, part of the gate dielectric layer, and part of the 

fin-shaped structure to form the trench (Figs. 2O-2F, paragraph 0024-0028). 

Regarding claim 5, Xie et al. teach further comprising removing part of the gate 

layer after forming the SOB structure to form a gate structure adjacent to the SOB 

structure (Figs. 2I-2J, paragraph 0031-0032 disclose replacement gate process after the 

SOB structure 272 are formed). 

Regarding claim 6, Xie et al. teach further comprising: forming a cap layer (Figs. 

2A & 2G, element 235, paragraph 0023) on the gate structure and the SOB structure; 

and removing part of the cap layer to form a first spacer (Figs. 2A & 2J disclose 

removing part of element 235 and forming spacers 230 adjacent the gate and SOB) 

adjacent to the gate structure and a second spacer adjacent to the SOB structure. 

Regarding claim 7, Xie et al. teach wherein the fin-shaped structure is disposed 

extending along a first direction and the SOB structure is disposed extending along a 

second direction (Fig. 2J). 

Regarding claim 8, Xie et al. teach wherein the first direction is orthogonal to the 

second direction (Fig. 2J). 

Regarding claim 9, Xie et al. teach wherein the gate layer comprises 

amorphous silicon (paragraph 0023). 

Regarding claim 10, Xie et al. teach wherein the gate layer comprises 

polysilicon (paragraph 0005). 
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Regarding claim 11, Xie et al. teach wherein the dielectric layer comprises 

silicon nitride (paragraph 0029). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103 which forms the basis for all 

obviousness rejections set forth in this Office action: 

A patent for a claimed invention may not be obtained, notwithstanding that the 
claimed invention is not identically disclosed as set forth in section 102 of this 
title, if the differences between the claimed invention and the prior art are such 
that the claimed invention as a whole would have been obvious before the 
effective filing date of the claimed invention to a person having ordinary skill in 
the art to which the claimed invention pertains. Patentability shall not be negated 
by the manner in which the invention was made. 

Page 5 

Claims 4, 12 are rejected under 35 U.S.C. 103 as being unpatentable over 

Harada Xie et al. (US 2017/0243790). 

Regarding claim 4, Xie et al. teach forming the dielectric layer into the trench 

and on the gate layer (Fig. 2G, paragraph 0029); and planarizing the dielectric layer so 

that the top surfaces of the dielectric layer and the gate layer are coplanar (Fig. 4 and 

paragraph 0029 discloses that the dielectric layer and gate structure (including cap layer 

235) are coplanar due to a planarization process. Accordingly, it would be a prima facie 

case of obviousness to planarize the dielectric layer such that the dielectric layer is 

coplanar with the gate layer 215). 

Regarding claim 12, Xie et al. teach wherein the dielectric layer comprises 

silicon oxide (paragraph 0029 discloses the dielectric material can be formed by any 

known insulating material. Accordingly, It would have been obvious to one having 

ordinary skill in the art before the effective filling date of the invention to select a known 

insulating material silicon oxide as shown in paragraph 0005, since it has been held to 



Application/Control Number: 15/660,991 

Art Unit: 2823 

Page 6 

be within the general skill of a worker in the art to select a known material on the base 

of its suitability, for its intended use involves only ordinary skill in the art. In re Leshin, 

125 USPQ 416). 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SHAHED AHMED whose telephone number is 

(571 )272-3477. The examiner can normally be reached on M-F 7:30 to 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-9820. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SHAHED AHMED/ 

Examiner, Art Unit 2823 
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Appl. No. 15/660,991 
Reply to Office actionofNovember 13, 2017 

Amendments to the Claims: 

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

application: 

Listing of Claims: 

1. ( currently amended) A method for fabricating semiconductor device, comprising: 

forming a fin-shaped structure on a substrate; 

10 forming a shallow trench isolation (STI) around the fin-shaped structure; 

forming a gate layer on the fin-shaped structure and the STI; 

removing part of the gate layer, part of the fin-shaped structure, and part of the 

STito form a trench; [[and]] 

forming a dielectric layer into the trench to form a single diffusion break (SDB) 

15 structure: and 

after forming the SDB structure forming an interlayer dielectric (ILD) layer on 

the SDB structure. 

2. (original) The method of claim 1, further comprising forming a gate dielectric layer 

20 on the fin-shaped structure before forming the gate layer. 

3. (original) The method of claim 2, further comprising: 

forming a patterned mask on the gate layer; and 

using the patterned mask as mask to remove part of the gate layer, part of the 

25 gate dielectric layer, and part of the fin-shaped structure to form the trench. 

4. (original) The method of claim 1, further comprising: 

forming the dielectric layer into the trench and on the gate layer; and 

planarizing the dielectric layer so that the top surfaces of the dielectric layer and 

30 the gate layer are coplanar. 

2 
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5. (original) The method of claim 1, further comprising removing part of the gate layer 

after forming the SDB structure to form a gate structure adjacent to the SDB structure. 

5 6. (original) The method of claim 5, further comprising: 

forming a cap layer on the gate structure and the SDB structure; and 

removing part of the cap layer to form a first spacer adjacent to the gate structure 

and a second spacer adjacent to the SDB structure. 

10 7. (original) The method of claim 1, wherein the fin-shaped structure is disposed 

extending along a first direction and the SDB structure is disposed extending along a 

second direction. 

8. (original) The method of claim 7, wherein the first direction is orthogonal to the 

15 second direction. 

9. (original) The method of claim 1, wherein the gate layer comprises amorphous 

silicon. 

20 10. (original) The method of claim 1, wherein the gate layer comprises polysilicon. 

11. (original) The method of claim 1, wherein the dielectric layer comprises silicon 

nitride. 

25 12. (original) The method of claim 1, wherein the dielectric layer comprises silicon 

oxide. 

13. (withdrawn) A semiconductor device, comprising: 

a fin-shaped structure on a substrate; 

30 a single diffusion break (SDB) structure in the fin-shaped structure to divide the 

3 
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fin-shaped structure into a first portion and a second portion; 

a gate structure on the first portion; and 

a contact etch stop layer (CESL) adjacent to the gate structure and extending to 

cover the SDB structure. 

14. (withdrawn) The semiconductor device of claim 13, further comprising: 

a first spacer on sidewalls of the gate structure; and 

a second spacer on sidewalls of the SDB structure, wherein the CESL is disposed 

on the first spacer and the second spacer. 

15. (withdrawn) The semiconductor device of claim 14, further compnsmg a 

source/drain region in the substrate adjacent to two sides of the first spacer. 

16. (withdrawn) The semiconductor device of claim 14, further compnsmg a 

15 source/drain region in the substrate adjacent to two sides of the second spacer. 

20 

25 

17. (withdrawn) The semiconductor device of claim 13, wherein the fin-shaped 

structure is disposed extending along a first direction and the SDB structure is 

disposed extending along a second direction. 

18. (withdrawn) The semiconductor device of claim 17, wherein the first direction is 

orthogonal to the second direction. 

4 



Electronic Acknowledgement Receipt 

EFSID: 31125265 

Application Number: 15660991 

International Application Number: 

Confirmation Number: 8497 

Title of Invention: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Chun-Hao Lin 

Customer Number: 27765 

Filer: Roger Gwan-Jye Chen/Jessie Su 

Filer Authorized By: Roger Gwan-Jye Chen 

Attorney Docket Number: NAUP3064USA 

Receipt Date: 05-DEC-2017 

Filing Date: 27-JUL-2017 

Time Stamp: 22:41:21 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

589396 

1 
Applicant Arguments/Remarks Made in 

3022661.PDF no 2 
an Amendment 

8d387faae 1 c39d8554f58cbab0432116fc54 
cc6c 

Warnings: 



Information: 

80904 

2 
Amendment/Req. Reconsideration-After 

3022660.PDF no 1 
Non-Final Reject 

1 cb2878e2731499491 afeb2f03cbab08Sb7 

c13e1 

Warnings: 

Information: 

84678 

3 Claims 3022659.PDF no 3 
b3c 722a37 4 bS00 1 ee0aea65 fS 3608ff8f7f69 

eSd 

Warnings: 

Information: 

Total Files Size (in bytes) 754978 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 



Appl. No. 15/660,991 
Reply to Office actionofNovember 13, 2017 

RElVIARKS/ ARGUl\,,lENTS 

Recognizing that Internet communications are not secure, I hereby authorize 

the USPTO to communicate with me concerning any subject matter of this application 

5 by electronic mail. I understand that a copy of these communications will be made of 

record in the application file. 

Rejection of claims 1-3, 5-11 under 35 U.S.C. 102(a)(l) as being anticipated by 

Xie et al. (US 2017 /0243790). 

Claim 1 has been amended to specify that after forming the SDB structure forming an 

interlayer dielectric (ILD) layer on the SDB structure. 

Xie in Fig. 2G of the cited reference teaches the step of forming a dielectric layer into 

15 the trench to form a SDB structure (272). Xie however fails to disclose that an ILD 

layer is formed on the SDB structure (272) after forming the SDB structure (272), as 

recited in the amended claim 1 of the present invention. Instead, the ILD layer (245) 

is formed before forming the SDB structure (272) and no ILD layer is formed on the 

SDB structure whatsoever. 

20 

25 

Since the cited Xie reference fails to disclose the above features, the amended claim 1 

is patentable over the cited prior art. As claims 2-3, 5-11 are dependent on claim 1, 

they should be allowable if claim 1 is allowed. 

Rejection of claims 4, 12 under 35 U.S.C. 103 as being unpatentable over Xie et al. 

(US 2017 /0243790). 

Since claims 4, 12 are dependent on claim 1, they should be allowable if claim 1 is 

30 allowed. 
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Applicant respectfully requests that a timely Notice of Allowance be issued in 

this case. 
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Date: 

Winston Hsu, Patent Agent No. 41,526 
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10 Voice Mail: 302-729-1562 

Facsimile: 806-498-6673 

e-mail : winstonhsu@naipo.com 

Note: Please leave a message in my voice mail if you need to talk to me. (The time in 
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PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

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

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

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

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

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is 
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

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

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
27765 7590 °210512018 I hereby certify that this Fee(s) Transmittal is being deposited with the United 

NORTH AMERICA INTELLECTUAL PROPERTY CORPORATI@~ Postal service with sufficient postage for first class mail in an envelope 

SF N 389 F h Rd Y h D. addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
-, 0. , U e -, ong e 1st. transmitted to the USPTO (571) 273-2885, on the date indicated below. 

New Taipei City, 
TAIWAN 

APPLICATION NO. 

15/660,991 

FILING DATE FIRST NAMED INVENTOR 

07/27/2017 Chun-Hao Lin 

(Depositor's name) 

(Signature) 

(Date) 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAUP3064USA 8497 

TITLE OF INVENTION: SEMICONDUCTOR DEVICE AND METHOD FOR FABRICATING THE SAME 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

AHMED, SHARED 2823 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 

CLASS-SUBCLASS 

257-401000 

2. For printing on the patent front page, list 

(I) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 05/07/2018 

2 ______________ _ 

3 ______________ _ 

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) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The director is hereby authorized to charge the required fee( s ), any deficiency, or credits any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 

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

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

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 
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0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

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



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

15/660,991 07/27/2017 Chun-Hao Lin 

27765 7590 02/05/2018 

NORTH AMERICA INTELLECTUAL PROPERTY CORPORATION 
SF., No.389, Fuhe Rd., Yonghe Dist. 
New Taipei City, 
TAIWAN 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

NAUP3064USA 8497 

EXAMINER 

AHMED, SHARED 

ART UNIT PAPER NUMBER 

2823 

DATE MAILED: 02/05/2018 

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and 
Budget approval before requesting most types of information from the public. When 0MB approves an agency 
request to collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration 
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the 
agency to inform the public about the 0MB Control Number's legal significance in accordance with 5 CFR 
1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 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, Virginia 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to 
respond to a collection of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

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

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is required 
by the Freedom of Information Act. 

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

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

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

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

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

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

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

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



Notice of Allowability 

Application No. 
15/660,991 
Examiner 
SHAHED AHMED 

Applicant(s) 
LIN ET AL. 
Art Unit 
2823 

AIA (First Inventor to File) 
Status 

Yes 

-- The MAILING DA TE 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. 1:8] This communication is responsive to 12/05/2017. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on ___ . 

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

3. 1:8] The allowed claim(s) is/are 1-12. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4. 1:8] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) 1:8] All b) D Some *c) D None of the: 

1. 1:8] Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D 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. 1:8] Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/SHAHED AHMED/ 
Primary Examiner, Art Unit 2823 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 
20180103 

5. 1:8] Examiner's Amendment/Comment 

6. 1:8] Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

Notice of Allowability Part of Paper No./Mail Date 
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The present application, filed on or after March 16, 2013, is being examined 

under the first inventor to file provisions of the AIA. 

Election/Restrictions 

This application is in condition for allowance except for the presence of claims 

13-18 directed to a non-elected device claims without traverse. Accordingly, claims 13-

18 have been cancelled. 

Examiner's Amendment 

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. 

The application has been amended as follows: Cancel claims 13-18. 

Allowability Notice 

Claims 1-12 are allowed. 

The following is an examiner's statement of reasons for allowance: 

The Applicants' replies make evident the reasons for allowance, satisfying the 

"record as a whole" provision of the rule 37 CFR 1.104(e). Specifically, the substance of 

applicants' remarks, filed 12/05/2017 with the amended claims, are persuasive, as such 

the reasons for allowance are in all probability evident from the record and no statement 

is deemed necessary (see MPEP 1302.14). 
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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 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SHAHED AHMED whose telephone number is 

(571 )272-3477. The examiner can normally be reached on M-F 7:30 to 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Olik Chaudhuri can be reached on 571-272-9820. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
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USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/SHAHED AHMED/ 

Primary Examiner, Art Unit 2823 



Application/Control No. Applicant(s)/Patent Under 
Reexamination 

15/660,991 LIN ET AL. 
Notice of References Cited 

Examiner Art Unit 

SHAHED AHMED 2823 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* Document Number Date 
Name CPC Classification US Classification Country Code-Number-Kind Code MM-YYYY 

* A US-2017 /0243790 A 1 08-2017 Xie; Ruilong H01 L21/823431 1 /1 

* B US-2017 /0287933 A 1 10-2017 CHEN; Xiangdong H01 L27/11807 1 /1 

* C US-9,368,496 B1 06-2016 Yu;Hong H01 L27/0886 1 /1 

* D US-9,524,911 B1 12-2016 Tsai; Hao-Cheng H01 L29/401 1 /1 

* E US-8,609,510 B1 12-2013 Banna; Srinvasa H01 L29/66545 257/E21.409 

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name CPC Classification 
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0 
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Q 
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s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20180103 
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