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Doc Code: PA.. 
Document Description: Power of Attorney 

PTO/AlA/82S (07--1 :}) 
Approved for use through 0313112021. 0MB 0651--0035 

U,S, Patent and Trademark Office: U.S, DEPARTMENT OF COMMERCE 
Under tt1e Paperwork Red,.iction Ac! of 1995, no pe,·sons am required to respond to a collection of information unless it displays a vaiid OM8 control number 

POWER OF ATTORNEY BY APPLICANT 

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

Application Number FiUng Date 
-------------······-·· ... 

(Note: The boxes above may be left blank lf information is provided on form PTOiAIA/82A.) 

[K] I hereby appoint the Patent Practitloner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact al! business in tl,e United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal ietter (form PT0/AIA/821~) or ldentified above: I 
OR 

40672 I 

• I hereby appoint Practitioner(s) named in the attached list (form PT0/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business ln the United St.ates Patent .and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PT0/A!A/82A) or identified above. (Note: Cornplete form PT0/A!Af82C.) 

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 

• Tt1e address associated with Customer Number: I 
I 

OR 

• Firm or 
Individual Name 

Address 

City I State ! l Zip l 
Country 

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

I GREENTHREAD, LLC 

11 
l_J Inventor or Joint Inventor (title not required below) 

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

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

• Person v\lho Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
aoolication or is concurrentlv beino filed with this document\ (provide sioner's title if armlicant is a iurk;tic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose tiffe/iS ~PPliE,.d pek;/w)')s authorized t.ey act on behalf of the applicant (e.g .. wtiere the applicant is a juristic eniity). 

Signature 1~ lJ .. t. .., .j 
/ /\,..,___ ,<s-,/' {., ,/ )i.::,_r--J--...,., :'l 

il-.... _ I Date (Optional) ! :'}/-:7,,; /20 .;;;. "~' 
Name Philip W. John, Jr'.,-, ·' / 

Title J n- •. f - ·-· 
f 12d t::- i l)t::.'A'\.} 

NOTE: Signature - This form rnust be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1 .4 for signature requirements 
and certifications. If rnore than one applicant, use multiple forms. 

OTotal of forms are submitted. 
... " .. 

This c0Hect1011 of u1torr,·,at1on 1s reciwred by 37 C,,-R 1.131, 1. 32, and 1,33, rne mformai1on 1s requ,rec to obtain or re tam a benet!I by the public wh!ch 1s to file \ and oy tne 
USPTO to process) an application. Confidentiality ls governed by 3S U.S.C. 122 and 37 CFR ·1. ·1·1 and 1.14. Tl,is collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting ttie cwnpleted application mrm to the US PTO. Time will vary dependmg upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this ourden, should be sent to the Chief !nfom1ation Officer, U.S. Patent and Trnctems1rk Office, U.S. 
Department or Commerce. P.O. Sox 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THlS ADDRESS, SEND TO: Commissioner 
for Pntents, P,0, Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1·800-PT0-9199 and ss./ect option 2. 

I 

I 
I 

i 
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Customer No. 000040672 
Attorney Docket No. GRTD.01 .01 .DV7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

AFFIRMATIVE RECESSION OF PREVIOUS DISCLAIMER 

This Application is a continuation or continuation-in-part of previous applications 

and patents. 

Except as explicitly set forth in the prosecution of this application, to the extent 

any amendments, characterizations, or other assertions made (in this or in any related 

patent applications or patents, including any parent, sibling, or child) with respect to any 

art, prior or otherwise, could be construed as a disclaimer of any subject matter 

supported by the present disclosure of this application, Applicant hereby rescinds and 

retracts such disclaimer. Applicant also respectfully submits that any prior art 

considered in any related patent applications or patents, including any parent, sibling, or 

child, may need to be re-visited. 

New claims in this Application may be broader than the claims previously allowed 

in parent or related applications. 

Bill R. Naifeh 
Law Office of Bill Naifeh 
P.O. Box 803423 
Dallas, TX 75380 
972-726-9500 
214-550-2542 (fax) 

Respectfully submitted, 

/Bill R. Naifeh, Reg. No. 44,962/ 

Bill R. Naifeh 
Registration No. 44,962 

RECESSION OF PREVIOUS DISCLAIMER - PAGE 1 of 1 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I El l3.R. Mohan I ~ao I El 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City J'l.llen I State/Province I frx I Country of ResidencJ I f.Js 

Mailing Address of Inventor: 

Address 1 1611 Willingham Drive 

Address 2 

City I J'l.llen I State/Province I ~x 
Postal Code I ~2013 I Countryi I 1us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

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 to672 

Email Address patents@naifeh.com 
I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Attorney Docket Number K,RTD.01 .01 .DV7 I Small Entity Status Claimed ~ 
Application Type Non provisional T 

Subject Matter Utility T 

Total Number of Drawing Sheets (if any) 1110 I Suggested Figure for Publication (if any) 11 

EFSWeb2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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 

I 

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 ~0672 

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 !='ending I· I Remove I 
Filing or 371 (c) Date 

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

I J:ontinuation of I· 16717950 ~019-12-17 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

116717950 ponlinuation of I· 115590282 ~017-05-09 110510842 ~019-11-26 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

115590282 ponlinuation of I· 114931636 ~015-11-03 ~647070 ~017-05-09 

Prior Application Status !='atenled . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

114931636 ponlinuation of I· 114515584 ~014-10-16 ~190502 ~015-11-17 

Prior Application Status J'l.bandoned . I Remove I 
Filing or 371 (c) Date 

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

~4515584 Continuation of . 13854319 ~013-04-01 

Prior Application Status Patented . I Remove I 
Application Prior Application Filing Dale Issue Dale 

Number 
Continuity Type 

Number (YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

113854319 ponlinuation of I· 111622496 ~007-01-12 ~421195 ~013-04-16 

Prior Application Status J'l.bandoned . I Remove I 
Filing or 371 (c) Date 

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

~1622496 j:>ivision of . 10934915 ~004-09-03 

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 ). 

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

I I I 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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

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. 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

GRTD.01 .01 .DV7 Attorney Docket Number 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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. 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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 13REENTHREAD, LLC 

Mailing Address Information For Applicant: 

Address 1 1544 Harrys Lane 

Address 2 

City Dallas State/Province TX 

Country I 1-Js Postal Code 75229 

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. 

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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 liBill R. Naifeh, Reg No. 44962/ Date (YYYY-MM-DD) 12020-07-27 

First Name ~illR. I Last Name I ~aifeh Registration Number 14-4962 

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

EFS Web 2.2.13 
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PTO/AIN14 (02-18) 
Approved for use through 11/30/2020. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number GRTD.01 .01 .DV7 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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. 

EFS Web 2.2.13 
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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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1 _ r:1.im· UNITED STAJE.S ~ >~ PATENT AND TRADEMARK OFFICE 

Page 1 of 3 
P.O. Box 1450 

Alexandria, VA 223, 3 - 1450 
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Attorney Docket No. GRTD.01 .01 .DV7 

SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a Continuation of U.S. Patent Application No. 16ll17,950, 

filed December 17, 2019, which this a Continuation of U.S. Patent Application No. 

15/590,282, filed May 9, 2017, which is a Continuation of U.S. Patent Application No. 

14/931,636, filed November 3, 2015, which is Continuation of U.S. Patent Application No. 

14/515,584, filed October 16, 2014, which is a Continuation of U.S. Patent Application 

No. 13/854,319 filed April 1, 2013, which is a Continuation of 11/622,496, filed January 

12, 2007, which is a Divisional of U.S. PatentApplication No. 10/934,915, filed September 

3, 2004. The disclosures of which are incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

[0002] This present invention relates to all semiconductor devices and systems. 

Particularly it applies to diffused diodes, avalanche diodes, Schottky devices, power MOS 

transistors, JFET's, RF bipolar transistors, IGBTs (Insulated Gate Bipolar Transistors), 

varactors, digital VLSI, mixed signal circuits and sensor devices including camera ICs 

employing CCD (Charge Coupled Device) as well as CMOS technologies. 
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BACKGROUND 

[0003] Bipolar Junction Transistors (BJT) are classified as minority carrier devices 

because minority carriers are the principle device conduction mechanism. However, 

majority carriers also play a small but finite role in modulating the conductivity in BJTs. 

Consequently, both carriers (electrons and holes) play a role in the switching performance 

of BJTs. The maximum frequency of operation in BJTs is limited by the base transit time 

as well as the quick recombination of the majority carriers when the device is switched off 

(prior to beginning the next cycle). The dominant carrier mechanism in BJTs is carrier 

diffusion. The carrier drift current component is fairly small, especially in uniformly doped 

base BJTs. Efforts have been made in graded base transistors to create an aiding drift 

field to enhance the diffusing minority carrier's speed from emitter to collector. However, 

most semiconductor devices, including various power MOSFETs (traditional, DMOS, 

lateral, vertical and a host of other configurations), IGBT's (Insulated Gated Base 

Transistors), still use a uniformly doped 'drift epitaxial' region in the base. FIG. 1 shows 

the relative doping concentration versus distance in a BJT. FIG. 2 shows the uniformly 

doped epi region in an IGBT. In contrast to BJTs, MOS devices are majority carrier 

devices for conduction. The conduction is channel dominated. The channel can be a 

surface in one plane in planar devices. The surface can also be on the sidewalls in a 

vertical device. Other device architectures to combine planar and vertical conductions 

are also possible. The maximum frequency of operation is dictated primarily by source­

drain separation distance. Most MOS devices use a uniformly doped substrate (or a well 

region). When a MOSFET is optimally integrated with a BJT in a monolithic fashion, an 

IGBT results. The IGBT inherits the advantages of both MOSFET and BJT. It also brings 

new challenges because the required characteristics (electron transit and hole 

recombination as fast as possible in n-channel IGBT) necessitate different dopant 

gradients either in the same layer at different positions, or at the interfaces of similar or 

dissimilar layers. 

[0004] Retrograde wells have been attempted, with little success, to help improve soft 

error immunity in SRAMs and visual quality in imaging circuits. FIG. 3A shows a typical 

CMOS VLSI device employing a twin well substrate, on which active devices are 
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subsequently fabricated. FIGS. 38, 3C, and 3D illustrate device cross sections, as 

practiced today. Retrograde and halo wells have also been attempted to improve refresh 

time in DRAMs (dynamic random-access memories), as well as, reducing dark current 

(background noise) and enhance RGB (Red, Green, Blue) color resolution in digital 

camera ICs. Most of these techniques either divert the minority carriers away from the 

active regions of critical charge storage nodes at the surface, or, increase minority carrier 

density locally as the particular application requires. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] For a more complete understanding of the present invention, and the 

advantages thereof, reference is now made to the following descriptions taken in 

conjunction with the accompanying drawings, in which: 

[0006] FIG. 1 illustrates the relative doping profiles of emitter, base and collector for 

the two most popular bipolar junction transistors: namely, uniform base ("A") and graded 

base (''8"); 

[0007] FIG. 2 illustrates the cross section of a commercial IG8T with a uniform 

epitaxial drift region (base); 

[0008] FIGS. 3A, 38, 3C, and 3D illustrate cross sections of commonly used prior art 

CMOS silicon substrates; FIG. 3A showing a typical prior art IC with two wells (one n­

well in which p-channel transistors are subsequently fabricated and one p---well in which 

n-channel transistors are subsequently fabricated); FIG 38 showing a prior art EEPROM 

(Electronically Erasable Programmable Read-Only Memory) memory cell having a tunnel 

insulator; FIG. 3C showing a prior art DRAM memory cell; and FIG. 3D showing a prior 

art NAND flash memory cell; 

[0009] FIG. 4 illustrates the cross section of an IG8T, using one embodiment of the 

invention described here, where the dopant is optimally graded in the epitaxial drift region; 

and 

[0010] FIGS. 5A, 58, and 5C illustrate the cross sections of a CMOS silicon substrate 

with two wells and an underlying layer using embodiments of the invention to improve 

performance in each application-VLSI logic, DRAM/image IC, nonvolatile memory IC. 
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DETAILED DESCRIPTION 

[0011] The relative doping concentrations of emitter and collector regions varies from 

1018 to 1020/cm3 , whereas the base region is 1014 to 1016/cm3 depending on the desired 

characteristics of the BJT. In graded base p-n-p transistors, the donor dopant 

concentration may be 10 to 1 OOx at the emitter-base junction, relative to the base­

collector junction (1 x). The gradient can be linear, quasi linear, exponential or 

complimentary error function. The relative slope of the donor concentration throughout 

the base creates a suitable aiding drift electric field, to help the holes (p-n-p transistor) 

transverse from emitter to collector. Since the aiding drift electric field helps hole 

conduction, the current gain at a given frequency is enhanced, relative to a uniformly­

doped (base) BJT. The improvement in cut-off frequency (or, frequency at unity gain, fr) 

can be as large as 2x-5x. Similar performance improvements are also applicable to n-p­

n transistors. 

[0012] As illustrated in FIG. 4, in one embodiment according to the invention, a donor 

gradient is established from the emitter-drift epitaxial base region junction of the punch­

through IGBT, to the drift epitaxial base region-n+ buffer layer boundary (electrons in 

this case are accelerated in their transit from emitter to collector). The "average" base 

resistance is optimized so that conductivity modulation and lifetime (for minority carriers) 

in the base region are not compromised. By sweeping the carriers towards the n+ buffer 

region a number of advantages are obtained. First, the frequency of operation 

(combination of ton and toff as is known in the IGBT commercial nomenclature) can be 

enhanced. Second, and maybe more importantly, during toff, holes can be recombined 

much quicker at the n+ buffer layer, compared to the uniformly doped n-epitaxial drift 

region by establishing a different dopant gradient near the n+ buffer layer. It should be 

noted that the drift region can also be a non-epitaxial silicon substrate. Although epitaxy 

enhances lifetime, it is not mandatory. Different layers of dopant regions can be 

transferred through wafer to wafer bonding (or other similar transfer mechanisms) for 

eventual device fabrication. The "reverse recovery time" for an IGBT is significantly 

improved due to the optimized graded dopant in the so called "drift region" as well as at 

the interfaces of the drift region. Graded dopants can also be implemented in then+ buffer 
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layer as well as other regions adjacent to the respective layers. Two important 

performance enhancements are the result of dopant gradients. For example, in an n­

channel IGBT, electrons can be swept from source to drain rapidly, while at the same 

time holes can be recombined closer to the n+ buffer layer. This can improve ton and toff in 

the same device. 

[0013] As illustrated in FIGS. 5A, 5B, and SC, donor gradient is also of benefit to very 

large scale integrated circuits (VLSl)-VLSI logic, DRAM, nonvolatile memory like NAND 

flash. Spurious minority carriers can be generated by clock switching in digital VLSI logic 

and memory ICs. These unwanted carriers can discharge dynamically-held "actively held 

high" nodes. In most cases, statically-held nodes (with Vee) cannot be affected. 

Degradation of refresh time in DRAMs is one of the results, because the capacitor holds 

charge dynamically. Similarly, degradation of CMOS digital images in digital imaging ICs 

is another result of the havoc caused by minority carriers. Pixel and color resolution can 

be significantly enhanced in imaging ICs with the embodiments described herein. 

Creating "subterranean" recombination centers underneath the wells (gold doping, 

platinum doping) as is done in some high-voltage diodes is not practical for VLSI circuits. 

Hence, a novel technique is described herein which creates a drift field to sweep these 

unwanted minority carriers from the active circuitry at the surface into the substrate in a 

monolithic die as quickly as possible. In a preferred embodiment, the subterranean n­

layer has a graded donor concentration to sweep the minority carriers deep into the 

substrate. One or more of such layers can also be implemented through wafer to wafer 

bonding or similar "transfer" mechanisms. This n-layer can be a deeply-implanted layer. 

It can also be an epitaxial layer. As desired, the n---well and p---wells can also be graded 

or retrograded in dopants to sweep those carriers away from the surface as well. The 

graded dopant can also be implemented in surface channel MOS devices to accelerate 

majority carriers towards the drain. To decrease programming time in nonvolatile memory 

devices, carriers should be accelerated towards the surface when programming of 

memory cells is executed. The graded dopant can also be used to fabricate superior 

Junction Field-Effect transistors where the "channel pinch-off' is controlled by a graded 

channel instead of a uniformly doped channel (as practiced in the prior art). 
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[0014] One of ordinary skill and familiarity in the art will recognize that the concepts 

taught herein can be customized and tailored to a particular application in many 

advantageous ways. For instance, minority carriers can be channeled to the surface to 

aid programming in nonvolatile memory devices (NOR, NAND, multivalued-cell). 

Moreover, single-well, and triple-well CMOS fabrication techniques can also be optimized 

to incorporate these embodiments individually and collectively. Any modifications of such 

embodiments (described here) fall within the spirit and scope of the invention. Hence, 

they fall within the scope of the claims described below. 

[0015] Although the invention has been described with reference to specific 

embodiments, these descriptions are not meant to be construed in a limiting sense. 

Various modifications of the disclosed embodiments, as well as alternative embodiments 

of the invention will become apparent to persons skilled in the art upon reference to the 

description of the invention. It should be appreciated by those skilled in the art that the 

conception and the specific embodiment disclosed may be readily utilized as a basis for 

modifying or designing other structures for carrying out the same purposes of the present 

invention. It should also be realized by those skilled in the art that such equivalent 

constructions do not depart from the spirit and scope of the invention as set forth in the 

appended claims. 

[0016] It is therefore, contemplated that the claims will cover any such modifications 

or embodiments that fall within the true scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A VLSI semiconductor device, comprising: 

a substrate of a first doping type at a first doping level having a surface; 

a first active region disposed adjacent the surface with a second doping 

type opposite in conductivity to the first doping type and within which transistors 

can be formed; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed; 

transistors formed in at least one of the first active region or second active 

region; 

at least a portion of at least one of the first and second active regions having 

at least one graded dopant concentration to aid carrier movement from the first 

and second active regions towards an area of the substrate where there are no 

active regions; and 

at least one well region adjacent to the first or second active region 

containing at least one graded dopant region, the graded dopant region to aid 

carrier movement from the surface towards the area of the substrate where there 

are no active regions, wherein at least some of the transistors form digital logic of 

the VLSI semiconductor device. 

2. The VLSI semiconductor device of Claim 1, wherein the substrate is a p-type 

substrate. 

3. The VLSI semiconductor device of Claim 1, wherein the substrate has epitaxial 

silicon on top of a nonepitaxial substrate. 

4. The VLSI semiconductor device of Claim 1, wherein the first active region and 

second active region contain digital logic formed by one of either p-channel and n-channel 

devices. 
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5. The VLSI semiconductor device of Claim 1, wherein the first active region and 

second active region contain either p-channel or n-channel devices in n-wells or p-wells, 

respectively, and each well has at least one graded dopant. 

6. The VLSI semiconductor device of Claim 1, wherein the first active region and 

second active region are each separated by at least one isolation region. 

7. The VLSI semiconductor device of Claim 1, wherein the graded dopant is 

fabricated with an ion implantation process. 

8. The VLSI semiconductor device of Claim 1, wherein the first and second active 

regions are formed adjacent the first surface of the substrate. 

9. The VLSI semiconductor device of Claim 1, wherein dopants of the graded dopant 

concentration in the first active region or the second active region are either p-type or n­

type. 

10. The VLSI semiconductor device of Claim 1, wherein dopants of the graded dopant 

concentration in the first active region are both p-type and n-type. 

11. The VLSI semiconductor device of Claim 1, wherein dopants of the graded dopant 

concentration in the second active region are both p-type and n-type. 

12. The VLSI semiconductor device of Claim 1, wherein dopants of the graded dopant 

region in the well region are both p-type and n-type. 

13. The VLSI semiconductor device of claim 1, wherein the transistors which can be 

formed in the first and second active regions are CMOS digital logic transistors requiring 

at least a source, a drain, a gate and a channel. 

14. The VLSI semiconductor device of Claim 1, wherein the device is a dynamic 

random access memory (DRAM). 
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15. The VLSI semiconductor device of Claim 1, wherein the device is a complementary 

metal oxide semiconductor (CMOS) with a nonepitaxial substrate. 

16. The VLSI semiconductor device of Claim 1, wherein the device is a flash memory. 

17. The VLSI semiconductor device of Claim 1, wherein the device comprises digital 

logic and capacitors. 

18. The VLSI semiconductor device of Claim 1, wherein the device is central 

processing unit. 

19. The VLSI semiconductor device of Claim 1, wherein the device is an image sensor. 

20. The VLSI semiconductor device of Claim 1, wherein each of the first and second 

active regions are in the lateral or vertical direction. 

21. A VLSI semiconductor device, comprising: 

a substrate of a first doping type at a first doping level having a surface; 

a first active region disposed adjacent the surface of the substrate with a 

second doping type opposite in conductivity to the first doping type and within 

which transistors can be formed in the surface thereof; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed in the 

surface thereof; 

transistors formed in at least one of the first active region or second active 

region; 

at least a portion of at least one of the first and second active regions having 

at least one graded dopant concentration to aid carrier movement from the surface 

to an area of the substrate where there are no active regions; and 

at least one well region adjacent to the first or second active region 

containing at least one graded dopant region, the graded dopant region to aid 

carrier movement from the surface to the area of the substrate where there are no 
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active regions, and wherein the graded dopant concentration is linear, quasilinear, 

error function, complementary error function, or any combination thereof. 

22. The VLSI semiconductor device of Claim 21, wherein the substrate is an n-type 

substrate. 

23. The VLSI semiconductor device of Claim 21, wherein the substrate is a p-type 

substrate. 

24. The VLSI semiconductor device of Claim 21, wherein the substrate has epitaxial 

silicon on top of a nonepitaxial substrate. 

25. The VLSI semiconductor device of Claim 21, wherein the first active region and 

second active region contain at least one of either p-channel and n-channel devices. 

26. The VLSI semiconductor device of Claim 21, wherein the first active region and 

second active region contain either p-channel or n-channel devices in n-wells or p-wells, 

respectively, and each well has at least one graded dopant. 

27. The VLSI semiconductor device of Claim 21, wherein the first active region and 

second active region are each separated by at least one isolation region. 

28. The VLSI semiconductor device of Claim 21, wherein dopants of the graded 

dopant concentration in the first active region or the second active region are either p­

type or n-type. 

29. The VLSI semiconductor device of Claim 21, wherein dopants of the graded 

dopant concentration in the first active region are both p-type and n-type. 

30. The VLSI semiconductor device of Claim 21, wherein dopants of the graded 

dopant concentration in the second active region are both p-type and n-type. 
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31. The VLSI semiconductor device of Claim 21, wherein dopants of the graded 

dopant region in the well region are both p-type and n-type. 

32. The VLSI semiconductor device of Claim 21, wherein the graded dopant is 

fabricated with an ion implantation process. 

33. The VLSI semiconductor device of Claim 21, wherein the substrate is a 

complementary metal oxide semiconductor (CMOS) device. 

34. The VLSI semiconductor device of Claim 21, wherein the device is a flash memory. 

35. The VLSI semiconductor device of Claim 21, wherein the device is a logic device 

with capacitors in at least some of the first or second active regions. 

36. The VLSI semiconductor device of Claim 21, wherein the device is central 

processing unit. 

37. The VLSI semiconductor device of Claim 21, wherein the device is an image 

sensor. 

38. The VLSI semiconductor device of Claim 21, wherein each of the first and second 

active regions are in the lateral or vertical direction. 

39. A semiconductor device, comprising: 

a substrate of a first doping type at a first doping level; 

a first active region disposed adjacent to a surface of the substrate with a 

second doping type opposite in conductivity to the first doping type and within 

which transistors can be formed; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed; 

transistors formed in at least one of the first active region or second active 

region; and 
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at least a portion of at least one of the first and second active regions having 

at least one graded dopant concentration to aid carrier movement from the first or 

second active region to at least one substrate area where there is no active region. 

40. The semiconductor device of claim 39 further comprising at least one well region 

adjacent to the first or second active region and containing at least one graded dopant 

region, the graded dopant region to aid carrier movement from any region in the well to 

the substrate area where there is no well. 

41 . A semiconductor device, comprising: 

a substrate of a first doping type at a first doping level; 

a first active region disposed adjacent to a surface of the substrate with a 

second doping type opposite in conductivity to the first doping type and within 

which transistors can be formed; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed; 

transistors formed in at least one of the first active region or second active 

region; and 

at least a portion of at least one of the first and second active regions having 

at least one graded dopant acceptor concentration to aid carrier movement from 

the first or second active region to at least one substrate area where there is no 

active region. 

42. A semiconductor device, comprising: 

a substrate of a first doping type at a first doping level; 

a first active region disposed adjacent to a surface of the substrate with a 

second doping type opposite in conductivity to the first doping type and within 

which transistors can be formed; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed; 
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transistors formed in at least one of the first active region or second active 

region; and 

at least a portion of at least one of the first and second active regions having 

at least one graded donor dopant concentration to aid carrier movement from the 

first or second active region to at least one substrate area where there is no active 

region. 

43. A semiconductor device, comprising: 

a substrate of a first doping type at a first doping level; 

a first active region disposed adjacent to a surface of the substrate with a 

second doping type opposite in conductivity to the first doping type and within 

which transistors can be formed; 

a second active region separate from the first active region disposed 

adjacent to the first active region and within which transistors can be formed; 

transistors formed in at least one of the first active region or second active 

region; and 

at least a portion of at least one of the first and second active regions having 

at least one graded acceptor dopant concentration and one graded donor dopant 

concentration to aid carrier movement from the first or second active region to at 

least one substrate area where there is no active region. 

44. A CMOS Semiconductor device comprising: 

a surface layer; 

a substrate; 

an active region including a source and a drain, disposed on one surface of 

the surface layer; 

a single drift layer disposed between the other surface of the surface layer 

and the substrate, the drift layer having a graded concentration of dopants 

extending between the surface layer and the substrate, the drift layer further having 

a first static unidirectional electric drift field to aid the movement of carriers from 
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the surface layer to an area of the substrate where there are no active regions; 

and 

at least one well region disposed in the single drift layer, the well region 

having a graded concentration of dopants and a second static unidirectional 

electric drift field to aid the movement of carriers from the surface layer to the area 

of the substrate where there are no active regions. 
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ABSTRACT 

Most semiconductor devices manufactured today, have uniform dopant 

concentration, either in the lateral or vertical device active (and isolation) regions. By 

grading the dopant concentration, the performance in various semiconductor devices can 

be significantly improved. Performance improvements can be obtained in application 

specific areas like increase in frequency of operation for digital logic, various power 

MOSFET and IGBT !Cs, improvement in refresh time for DRAMs, decrease in 

programming time for nonvolatile memory, better visual quality including pixel resolution 

and color sensitivity for imaging !Cs, better sensitivity for varactors in tunable filters, 

higher drive capabilities for JFETs, and a host of other applications. 
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CONFIRMATION NO. 6907 
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Date Mailed: 08/05/2020 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Additional claim fees of$ 2120 as a small entity, including any required multiple dependent claim fee, are 

required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are 
due. 

• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
The surcharge is due for any one of: 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• filing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification 
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms 
PTO/SB/15A and 15B.) 

• $ 75 basic filing fee. 
• $ 80 surcharge. 
• $ 330 search fee. 
• $ 380 examination fee. 
• $ 920 for 4 independent claims over 3. 
• $ 1200 for 24 total claims over 20. 
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• $( 0) previous unapplied payment amount. 
• $ 2985 TOTAL FEE BALANCE DUE. 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserLocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/ltan/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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CONFIRMATION NO. 6907 

FILING RECEIPT 
BILL R. NAIFEH 
PO BOX 803423 
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Date Mailed: 08/05/2020 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 
G.R. Mohan Rao, Allen, TX; 

Applicant( s) 
GREENTHREAD, LLC, Dallas, TX; 

Power of Attorney: The patent practitioners associated with Customer Number 40672 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/717,950 12/17/2019 PAT 10734481 
which is a CON of 15/590,282 05/09/2017 PAT 10510842 
which is a CON of 14/931,636 11/03/2015 PAT 9647070 
which is a CON of 14/515,584 10/16/2014 PAT 9190502 
which is a CON of 13/854,319 04/01/2013 ABN 
which is a CON of 11/622,496 01/12/2007 PAT 8421195 
which is a DIV of 10/934,915 09/03/2004 ABN 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 
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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. 

If Required, Foreign Filing License Granted: 08/03/2020 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/947,294 
Projected Publication Date: To Be Determined - pending completion of Missing Parts 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
Title 

SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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, 
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

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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Courtesy Reminder for 
Application Serial No: 16/947,294 

Attorney Docket No: GRTD.01 .01 .DV7 
Customer Number: 40672 
Date of Electronic Notification: 08/05/2020 

This is a courtesy reminder that new correspondence is available for this 
application. If you have not done so already, please review the 
correspondence. The official date of notification of the outgoing 
correspondence will be indicated on the form PTOL-90 accompanying the 
correspondence. 

An email notification regarding the correspondence was sent to the following 
email address(es) associated with your customer number: 

patents@naifeh.com 

To view your correspondence online or update your email addresses, please 
visit us anytime at https://ppair-my.uspto.gov/pair/PrivatePair. 
If you have any questions, please email the Electronic Business Center (EBC) 
at EBC@uspto.gov or call 1-866-217-9197. 
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Customer No. 000040672 
Attorney Docket No. GRTD.01 .01 .DV7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor: G. R. Mohan Rao § Confirmation 6907 
§ No. 
§ 

Serial No: 16/947,294 § Group Art Unit: 2812 
§ 

Filed: July 27, 2020 § Examiner: N/A 
§ 

For: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Via EFS 
Mail Stop Missing Parts 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313 

RESPONSE TO NOTICE TO FILE MISSING PARTS 

Dear Sir: 

In Response to the Notice to File Missing Parts, mailed October 5, 2020, in the above 

application, Applicant hereby submits payment of the following fees: 

Basic filing fee 
Surcharge 
Search fee 
Examination fee 
Additional claim fees 
Total Filing Fees 

Law Office of Bill Naifeh 
P.O. Box 803423 
Dallas, TX 75380 
972-726-9500 
214-550-2542 (fax} 

$ 75 
$ 80 
$ 330 
$ 380 
$2120 
$2985 

Respectfully submitted, 

/Bill R. Naifeh, Reg. No. 44,962/ 

Bill R. Naifeh 
Registration No. 44,962 
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Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 
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Basic Filing: 
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Receipt Date: 25-SEP-2020 

Filing Date: 27-JUL-2020 

Time Stamp: 14:43:35 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $2985 

RAM confirmation Number E20209OE43553297 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

239654 

1 
Applicant Response to Pre-Exam 

GRTD-DV7 _PayFees.pdf no 1 
Formalities Notice 

6d5cb8bebaf1 Sc7f385591146570e3692a0 
698df 

Warnings: 

Information: 

40542 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
d2a29a44d26086dd0df61801748cf9e5e4d 

cd744 

Warnings: 

Information: 

Total Files Size (in bytes) 280196 

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. 
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To: USPTO Page 2 of 4 2020-09-29 01 :12:20 (GMT) 

RECEIVED 
12145502542 From: Bill Naifeh 

{''F,NTRAL FAX CENTER 

SEP 2 8 2020 Customer No. 000040672 
Attorney Docket No. GRTD.01.01.DV7 

IN THE UNITED STATES PATENT ANO TRADEMARK OFFICE 

Inventor: G.R. Mohan Rao § Confirmation 6907 
§ No. 
§ 

Serial No: 16/947,294 § Group Art Unit: 2812 
§ 

Filed: July 27, 2020 § Examiner: N/A 
§ 

ror: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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

Certificate of Facsimile Transmission 
I hereby certify that this correspondence is 
being submitted to the U.S. Patent Office via 
facsimile transmission to (571) 273-8300 on 
September 28 2020. 

/_April Reasoner/ 

Aoril Reasoner. Paralei:ial 

NOTIFICATION OF LOSS OF ENTITILEMENT TO SMALL ENTITY STATUS 

Dear Sir: 

Applicant hereby notifies the Office of its loss of entitlement to small entity status. 

On September 25, 2020, Applicant submitted payment of fees in the amount of $2985 in 

response to the Notice to File Missing Parts. 

Applicant hereby submits payment of the additional fees due in the amount of $3135 as 

follows: 

Basic filing fee 
Surcharge 
Search Fee 
Exam Fee 
Additional claim fees 

Total Fees 

Amount Paid 

Total Amount Due 

$ 300 
$ 160 
$ 660 
$ 760 
$4240 

$6120 

- $2985 

$3135 
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To: USPTO Page 3 of 4 2020-09-29 01 :12:20 (GMT) 12145502542 From: Bill Naifeh 

Customer No. 000040672 
Attorney Docket No. GRTD.01.01.D\/7 

Attached is Form PTO-2038 Credit Card Payment Form for payment of the additional 
fees. 

Law Office of Bill Naifeh 
P.O. Box 803423 
Dallas, TX 75380 
972-726-9500 
214-550-2542 (fax) 

Respectfully submitted, 

/Bill R. Naifeh, Reg. No. 44. 96?1 

Registration No. 44,962 
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To: USPTO Page 1 of 4 2020-09-29 01 :12:20 (GMT) 12145502542 From: Bill Naifeh 

FAX COVER SHEET 
TO USPTO 
COMPANY 
FAX NUMBER 15712738300 
FROM Bill Naifeh 
DATE 2020-09-29 01: 12:06 GMT 

RE Entity Status and Payment of Fees 

COVER MESSAGE 

OearSir: 

RECEIVED 
CFNTRAL FAX CENTl':R 

SEP 2 8 2020 

Attached is a Notification of Loss of Entitlement to Small Entity Status, along with 
a cc authorization form for payment of the additional fees due. 
Regards, 
April Reasoner 

WWW.EFAX.COM 
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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 

APPLICATION 
NUMBER 

FILING or 
37l(c)DATE 

GRPART 

UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

16/947,294 07/27/2020 2812 2985 GRTD.01.0l.DV7 44 7 

40672 
CONFIRMATION NO. 6907 

UPDATED FILING RECEIPT 
BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

1111111111111111111111 m~mll!~l~II im 11111111111111111111111 

Date Mailed: 09/29/2020 

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable. 

lnventor(s) 
G.R. Mohan Rao, Allen, TX; 

Applicant( s) 
GREENTHREAD, LLC, Dallas, TX; 

Power of Attorney: The patent practitioners associated with Customer Number 40672 

Domestic Priority data as claimed by applicant 
This application is a CON of 16/717,950 12/17/2019 PAT 10734481 
which is a CON of 15/590,282 05/09/2017 PAT 10510842 
which is a CON of 14/931,636 11/03/2015 PAT 9647070 
which is a CON of 14/515,584 10/16/2014 PAT 9190502 
which is a CON of 13/854,319 04/01/2013 ABN 
which is a CON of 11/622,496 01/12/2007 PAT 8421195 
which is a DIV of 10/934,915 09/03/2004 ABN 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 
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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. 

If Required, Foreign Filing License Granted: 08/03/2020 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/947,294 
Projected Publication Date: 01/07/2021 
Non-Publication Request: No 
Early Publication Request: No 
** SMALL ENTITY ** 
Title 

SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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, 
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

GRANTED 

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 16/947,294 

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 75 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 44 minus 20= 24 (37 CFR 1.16(i)) 
X 50 = 1200 OR 

INDEPENDENT CLAIMS 7 minus 3 = 4 X 230 = 920 (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 0 ($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 "0" in column 2. TOTAL 2905 TOTAL 

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 "0" 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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Doc code: IDS PTO/SB/OBa (02-18) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 11/30/2020. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I J:,.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 12892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number I GRTD.01 .01 .DV7 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 ~001864 A h997-01-04 Gibbons 

2 ~160985 A h979-01-10 Kamins et al. 

3 ~347654 A h982-09-07 II.lien et al. 

4 ~481522 A h984-11-06 Jastrzebski et al. 

5 ~866000 A h989-09-12 ::lkita 

6 p029277 A h991-01-02 Kane 

7 p130262 A h992-07-14 Masquelier et al. 

8 p213988 A h993-05-25 v amauchi et al. 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

9 5262345 A n993-11-16 Nasser et al. 

10 5329144 A n994-01-12 uryi 

11 5448087 A n995-o9-o5 Streit et al. 

12 5480816 A n996-01-02 Uga et al. 

13 5496746 A n996-o3-o5 Matthews 

14 5517052 A n996-o5-14 shaque 

15 5569612 A n996-10-29 r risina et al. 

16 5575862 A n996-11-19 Nishida 

17 5637898 A n997-06-10 Baliga 

18 5797999 A n998-o8-25 Sannomiya et al. 

19 5888857 A n999-o3-3o lhang et al. 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

20 5973575 A n999-10-26 Kamogawa et al. 

21 6211028 B1 Q001-04-03 ~sai et al. 

22 6310366 B1 t/001-10-30 Rhodes et al. 

23 RE37441 E Q001-11-13 Yamazaki 

24 6452086 B1 t/002-09-17 Muller 

25 6465862 B1 Q002-10-15 Harris 

26 6472715 B1 t/002-10-29 iu etal. 

27 6670544 B2 Q003-12-30 Kibbel et al 

28 6683343 B2 t/004-01-27 Matsudai et al. 

29 6696314 B2 Q004-02-24 Rhodes 

30 6706550 B2 t/004-03-16 ee et al. 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

31 6713813 B2 t/004-03-30 Marchant 

32 6720622 B1 Q004-04-13 V'u 

33 6737722 B2 t/004-05-18 Yamamoto et al. 

34 6744117 B2 Q004-06-01 Dragon et al. 

35 6747883 B2 t/004-06-08 V'asumura 

36 6753202 B2 Q004-06-22 :;hen et al. 

37 6754093 B2 t/004-06-22 ien 

38 6756616 B2 Q004-06-29 Rhodes 

39 6780713 B2 t/004-08-24 Bromberger et al. 

40 6831292 B2 Q004-12-14 :;urrie et al. 

41 6878603 B2 t/005-04-12 Bromberger et al. 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

42 6921946 B2 t/005-07-26 Kenney et al. 

43 6933215 B2 Q005-08-23 Bromberger et al. 

44 ~064385 B2 t/006-06-20 Dudek et al. 

45 ~115925 B2 Q006-10-03 Rhodes 

46 ~233044 B2 t/007-06-19 Dudek 

47 ~307327 B2 Q007-12-11 Bahl et al. 

48 ~504692 B2 t/009-03-17 Dudek et al. 

49 8164124 B2 t1012-04-24 iu etal. 

50 8421195 B2 t/013-04-16 Rao 

51 9190502 B2 t1015-11-17 Rao 

52 9647070 B2 t/017-05-09 Rao 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

53 no510842 B2 t/019-12-17 Rao 

54 ~0734481 B2 Q020-08-04 Rao 

55 ~684971 A n987-08-04 Dayne 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20010040622 A1 t/001-11-15 Maruyama 

2 20020056883 A1 Q002-05-16 Baliga 

3 20020074585 A1 t/002-06-20 Tsang et al. 

4 20020084430 A1 Q002-07-04 Bamji et al. 

5 20020093281 A1 t/002-07-18 :;athey 

6 20020102783 A1 Q002-08-01 Fujimoto et al. 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

7 20020134419 A1 t/002-09-26 Macris 

8 20030026126 A1 Q003-02-06 Uemura 

9 20030030488 A1 t/003-02-13 Hueting et al. 

10 20030042511 A1 Q003-03-06 Rhodes 

11 20040027753 A1 t/004-02-12 rriedrichs et al. 

12 20040063288 A1 Q004-04-01 Kenney et al. 

13 20060113592 A1 t/006-06-01 Dendharkar et al. 

14 20070045682 A1 Q007-03-01 Hong 

15 20120048462 A1 t/013-02-28 ee 

16 20130001661 A1 t1013-01-03 Mao et al. 

17 20150200314 A1 t/015-07-16 Nebster 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

18 20030183856 A1 t/003-10-02 Nieczorek 

19 20080142899 A1 Q008-06-19 Morris 

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

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

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

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
P.D_ Moor, Advanced CMOS-based pixel sensors, https://indico.cem.ch/evenl/122027/contributions/88236/ 
~ttachments/69340/99377/FEEimecPdM.pdf, 2011, 41 pages 

2 
E. Parton, CMOS Sensors, Laser Focus World, http://www.laserfocusworld.com/articles/prinl/volume-49/issue-10/ 
eatures/cmos-sensors-cmos-based-specialty-imagers-reach-new-performance-levels.html, Oct. 14, 2013, 5 pages 

3 
~- Cao, Design of Pixel for High Speed CMOS Image Sensors, http://www.imagesensors.org/Past% 
J0Workshops/2013%20Workshop/2013%20Papers/07-11_072-Cao_papers.pdf, 4 pages 

4 
M. Tanenbaum, BST J: Diffused Emitter and Base Silicon Transisters, The Bell System Technical Journal, Jan. 1956, 
22 pages, vol. XXXV, https://archive.org/details/bstj35-1-1 
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Application Number 16947294 

Filing Date 2020-07-27 

INFORMATION DISCLOSURE First Named Inventor IG.R Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 DVl 

5 
MEG Image Sensors and Vision Systems, http:www2.imec.be/content/user/File/Brochures/cmos%20imagers% 
JObrochure-april26.pdf, Apr. 2014, 2 pages 

6 I\.S. Grove, Physics and Technology of Semiconductor Devices, John Wiley Sons, Inc., New York, Nov. 1967. 

7 
N. Murray Bullis and W. R Runyan, Influence of Mobility and Lifetime Variations on Drift-Field Effects in Silicon-
Junction Devices, IEEE Transactions on Electron Devices, vol. Ed-14, No. 2, Feb. 1967 

8 Berinder Brar et al., Herb's Bipolar Transistors, IEEE Transactions on Electron Devices, vol. 48, No. 11, Nov. 2001 

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

Examiner Signature 11 I Date Considered 11 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 16947294 

Filing Date 2020-07-27 
INFORMATION DISCLOSURE First Named Inventor I G.R. Mohan Rao 
STATEMENT BY APPLICANT 

Art Unit 2892 
( Not for submission under 37 CFR 1.99) 

Examiner Name INA 

Attorney Docket Number GRTD.01 .01 .DV7 

CERTIFICATION STATEMENT 

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

OR 

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

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

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

X See attached certification statement. 

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

A certification statement is not submitted herewith. 
SIGNATURE 

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

Signature /Bill R. Naifeh, Reg. No. 44962/ Date (YYYY-MM-DD) 2020-09-29 

Name/Print Bill R. Naifeh Registration Number 144962 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

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

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

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.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 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 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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Electronic Acknowledgement Receipt 

EFSID: 40710276 

Application Number: 16947294 

International Application Number: 

Confirmation Number: 6907 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Customer Number: 40672 

Filer: Bill Naifeh/April Reasoner 

Filer Authorized By: Bill Naifeh 

Attorney Docket Number: GRTD.01 .01 .DV7 

Receipt Date: 29-SEP-2020 

Filing Date: 27-JUL-2020 

Time Stamp: 19:14:47 

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.) 

27181 

1 Transmittal Letter GRTD-DV7 _IDSTransmittal.pdf no 2 
1f312cbb6f77ba05029806fa02232cdc5fdft 

156 
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Information: 

1037133 

2 
Information Disclosure Statement (IDS) 

GRTD-DV7 _IDS.pdf no 11 
Form (SB08) 

1 ab985 a09accd 3003d e06dfb996d83 bf703 
c0a2b 

Warnings: 

Information: 

Total Files Size (in bytes) 1064314 

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 AQQlications 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 AQQlication 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 AQQlication 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. 
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Customer No. 00040672 
Attorney Docket No.: GRTD.01 .01 .DV7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: G.R. Mohan Rao § Cont. No. 6907 
§ 

Serial No: 16/947,294 § Group Art Unit: 2892 
§ 

Filed: July 27, 2020 § Examiner: NA 
§ 

For: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Via EFS 

Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313.1450 

INFORMATION DISCLOSURE STATEMENT (IDS) 

Dear Sir: 

Pursuant to 37 C.F.R. §§ 1.56, 1.97, and 1.98, the attention of the United States Patent 

and Trademark Office is hereby directed to the references listed on the attached Form 

PTO/SB/08. It is respectfully requested that the information be expressly considered during the 

prosecution of the above-identified application, and that the references be made of record therein 

and appear among the "References Cited" on any patent to issue therefrom. 

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure Statement 

shall not be construed as a representation that a search has been made. In accordance with 37 

C.F.R. § 1.97(h), the filing of this Information Disclosure Statement shall not be construed to be 

an admission that the information cited in this Information Disclosure Statement is, or is 

considered to be, material to patentability as defined in 37 C.F.R. § 1.56(b). 

Applicant has not submitted copies of each cited U.S. patent and U.S. patent application 

in accordance with 37 C.F.R. § 1.98(a)(2). 
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Customer No. 00040672 
Attorney Docket No.: GRTD.01 .01 .DV7 

Applicant has not submitted copies of each cited non-patent literature document listed in 

the attached Information Disclosure Statement in accordance with 37 C.F.R. 1.98(d). Copies of 

the non-patent literature documents were submitted to the Office in earlier Application No. 

16/717,950, which is relied on for an earlier effective filing date. 

This Information Disclosure Statement is made pursuant to 37 C.F.R. § 1.97(b)(3), before 

the mailing of a first Office Action on the merits. 

It is submitted that the Information Disclosure Statement is in compliance with 37 C.F.R. 

§ 1.98, and the Examiner is respectfully requested to consider the listed references. 

Bill R. Naifeh 
Law Office of Bill Naifeh 
P.O. Box 803423 
Dallas, TX 75380 
972-726-9500 
214-550-2542 (fax) 

Respectfully submitted, 

/Bill R. Naifeh, Reg. No. 44,962/ 

Bill R. Naifeh 
Registration No. 44,962 
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United States Patent and Trademark Office 

Document Code:VVFEE 

User :67142 

Sale Accounting Date:i 0/05/2020 

Sale Item Reference Number 
16947294 

Document Number 
1202005B53483009 

Fee Code Fee Code Description 
1599 MAINTENANCE/PETITION 

INTERNAL FEE CODE 

Effective Date 
09/28/2020 

Amount Paid 
$3,135.00 

Payment Method 
Credit Card 
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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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/947,294 

40672 

07/27/2020 G.R. Mohan Rao GRTD.01.0l .DV7 
CONFIRMATION NO. 6907 

PUBLICATION NOTICE 
BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

Title:SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Publication No.US-2021-0005716-A 1 
Publication Date:O 1/07/2021 

111111111111111111111111]~!1]!~1!~1! ~!~!~HI II] 11111 111111111111111111 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the publication to 
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set 
forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application publications are handled by the USPTO's 
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800) 
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office, 
Public Records Division, Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions and 
the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through 
the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application 
Information and Retrieval (PAIR) system. The direct link to access this status information is currently 
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only 
be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent 
Electronic Business Center at 1-866-217-9197. 

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

page 1 of 1 
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APPLICATION NO. 

16/947,294 

40672 7590 

BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

FILING DATE FIRST NAMED INVENTOR 

07/27/2020 G.R. Mohan Rao 

01/15/2021 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

GRTD.01.01.DV7 

CONFIRMATION NO. 

6907 

EXAMINER 

ART UNIT PAPER NUMBER 

2892 

NOTIFICATION DATE DELIVERY MODE 

01/15/2021 ELECTRONIC 

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

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

patents@naifeh.com 

PTOL-90A (Rev. 04/07) 

Intel Ex. 1002 
Page 81 



UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 

Rao, G.R. Mohan 
Application No. 16/947,294 

Filed: July 27, 2020 
For: SEMICONDUCTOR DEVICES WITH 

GRADED DOPANT REGIONS 

Commis.sionerfor Patents 
United States Patent and Trademark Office 

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

www.L.Gpto.gov 

DECISION ON PETITION 

This is a notice in response to the request filed on September 28, 2020, a request for acceptance of a fee 
deficiency submission under 37 CPR 1.28(c). 

The Office no longer investigates or rejects original or reissue applications under 37 CPR 1.56. 1098 Off. 
Gaz. Pat. Office 502 (January 3, 1989). Therefore, nothing in this Notice is intended to imply that an 
investigation was done. 

The fee deficiency submission under 37 CPR 1.28(c) is NOT ACCEP1ED. 

Applicant should note that 37 CPR 1.28( c) states in part: If status as a small entity is established in good 
faith, and fees as a small entity are paid in good faith, in any application or patent, and it is later 
discovered that such status as a small entity was established in error, or that through error the Office was 
not notified of a loss of entitlement to small entity status as required by§ 1.27(g)(2), the error will be 
excused upon compliance with the separate submission and itemization. See 37 CPR 1.28( c )(2)(ii). 

The itemization must include the following information: 

(A) Each particular type of fee that was erroneously paid as a small entity, 
(e.g., basic statutory filing fee, two-month extension of time fee) along with the 
current fee amount for a non-small entity; 

(B) The small entity fee actually paid, and when. This will permit the Office to differentiate, for 
example, between two one-month extension of time fees erroneously paid as a small entity but on 
different dates; 

(C) The deficiency owed amount (for each fee erroneously paid); and 

(D) The total deficiency payment owed, which is the sum or total of the individual deficiency 
owed amounts setforthinparagraph(c)(2)(ii)(C) of this section. 

An itemization chart was not included with the request. Any renewed request must include the 
information in item(s) A-D above. 
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Application No. 16/947 ,294 Page2 

Applicant is given ONE MO NIH to submit a complete listing of all the fees erroneously paid as a 
small entity and the total fee deficiency to avoid non acceptance of the present fee deficiency paper. 
This time period is not extendable under 37 CPR 1.136(a). 

Further correspondence with respectto this matter should be addressed as follows: 

By Mail: 

By FAX: 

By Hand: 

By Internet: 

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

(571) 273-8300 
ATTN: Office of Petitions 

U. S. Patent and Trademark Office 
Customer Service Window, Mail Stop Petitions 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 

EFS-Web1 

Telephone inquiries regarding this matter should be directed to undersigned at (571) 272-1058. 

/CLuµfa Wa£fie4/ 
Angela Walker 
Paralegal Specialist 
Office of Petitions 

1 W'Nw.usptocgov/ebc/efs helpc~1trnl (for help using EFS-Web call the Patent Electronic Business Center 

at (866) 217-9197) 
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Customer No. 000040672 
Attorney Docket No. GRTD.01 .01 .DV7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventor: G.R. Mohan Rao § Confirmation 6907 
§ No. 
§ 

Serial No: 16/947,294 § Group Art Unit: 2812 
§ 

Filed: July 27, 2020 § Examiner: N/A 
§ 

For: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

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

RESPONSE TO DECISION ON PETITION AND 

RENEWED NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS 

Dear Sir: 

In response to the Decision on Petition mailed January 15, 2021, Applicant hereby 

submits the following itemization: 

Ty~e of Fee Paid Amount of Fee Paid Date Paid Deficiency Owed 
Basic filing fee $75.00 9/25/2020 $225.00 
Surcharge $80.00 9/25/2020 $80.00 
Search fee $330.00 9/25/2020 $330.00 
Exam Fee $380.00 9/25/2020 $380.00 
Additional claims fees $2,120.00 9/25/2020 $2,120.00 

Total Deficiency Payment Owed and Paid $3,135.00 

Applicant hereby notifies the Office of its loss of entitlement to small entity status. 

On September 25, 2020, Applicant submitted payment of fees in the amount of 

$2,985.00 in response to the Notice to File Missing Parts. 

On September 28, 2020, Applicant filed a Notification of Loss of Entitlement to Small 

Entity Statement and submitted payment of $3,135.00 via Credit Card. On October 5, 2020, the 

Patent Office charged the Credit Card in the amount of $3,135.00 for the deficiency fee payment 

owed. Therefore, no further fees are due. 
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Customer No. 000040672 
Attorney Docket No. GRTD.01 .01 .DV7 

Applicant hereby requests acceptance of this Response and Renewed Notification of 

Loss Entitlement to Small Entity Status. 

Law Office of Bill Naifeh 
P.O. Box 803423 
Dallas, TX 75380 
972-726-9500 
214-550-2542 (fax) 

Respectfully submitted, 

/Bill R. Naifeh, Reg. No. 44,962/ 

Bill R. Naifeh 
Registration No. 44,962 
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Electronic Acknowledgement Receipt 

EFSID: 41719937 

Application Number: 16947294 

International Application Number: 

Confirmation Number: 6907 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Customer Number: 40672 

Filer: Bill Naifeh/April Reasoner 

Filer Authorized By: Bill Naifeh 

Attorney Docket Number: GRTD.01 .01 .DV7 

Receipt Date: 22-JAN-2021 

Filing Date: 27-JUL-2020 

Time Stamp: 14:57:01 

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.) 

19938 

1 
Notification of loss of entitlement to 

ResponsetoDecision.pdf 2 
small entity status 

no 
78cd Of1 4 3b8a8a8f55 848a65ad c2cd 020b2 

db564 
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Information: 

Total Files Size (in bytes)~ 19938 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 
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United States Patent and Trademark Office 

Document Code:VVFEE 

User :C4 i 722 

Sale Accounting Date:02/09/2021 

Sale Item Reference Number 
16947294 

Document Number 
1202129 F04190768 

Effective Date 
09/28/2020 

Fee Code Fee Code Description Amount Paid 
1461 1.28(C) SUBMISSIONS - APPLIC $3,135.00 

FILE FEE 

Payment Method 
Salea 
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APPLICATION NO. 

16/947,294 

40672 7590 

BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

FILING DATE FIRST NAMED INVENTOR 

07/27/2020 G.R. Mohan Rao 

02/12/2021 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 
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~ (57) Abstract: A memory semiconductor cell (30) comprises a gate region (16), a source region (14) and a drain region (14). A 
~ channel region (17) is formed between the source region (14) and the drain region (14). The channel region (17) comprises a first 
~ channel portion (33) with a first concentration of doping material, the first channel portion (33) disposed adjacent to an edge of the 
0 channel region (17) closest to and substantially parallel to the gate region (16). The channel region (17) further comprises a second 
~ channel portion (31) with a second concentration of doping material, the second channel portion (31) disposed substantially parallel 

to the first channel portion (33) and a third channel portion (32), disposed between the first channel portion (33) and the second 
0 channel portion (31), with a third concentration of doping material. The third concentration is lower than the first concentration and 
> lower than the second concentration. The memory cell may be one of two general types of non-volatile memory, a floating gate cell 
;;, or a nitride read only memory (NROM), whereby layer (12B) in a floating gate or a nitride layer respectively. 
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RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT 

TECHNICAL FIELD 

Embodiments of the present inventiomrelate to design of sub-micron metal oxide semiconductors. More 

particularly, embodiments of the present invention provide retrograde channel doping to improve the short channel 

5 effect. 

BACKGROUND ART 

Figure 1 shows a memory cell 10 as has been well known in the conventional art. Regions 14 are 

the drain and/or source regions for memory cell 10. They may be used as source and/or drain interchangeably. 

Control gate 16 is used to control the operation of memory cell 10. A channel region 17 is f~rmed between 

10 source/drain regions 14. Feature size 18 is the nominal size of the smallest feature that can be created by a 

particular semiconductor process. In memory cells of this type, the gate 16 width and channel 17 length 

typically correspond approximately to feature size 18. Memory cell 10 may also have a source/drain extension 

11 structure. Source/drain extension 11 is a shallow diffusion that connects the channel 17 with the deeper 

source/drain 14, typically intended to prevent degradation of drive current. 

15 Memory cell 10 may be one of two general types of non-volatile memory, a "floating gate" cell or a 

nitride read only memory (NROM) cell. In a floating gate cell, layer 12B of the gate stack is typically 

conductive polysilicon. Layers 12A and 12C are insulating materials which isolate or "float" gate layer 12B, 

which is usually referred to as a floating gate. Floating gate 12B is the storage element of memory cell 10. 

Silicon nitride based flash memory has many advantages as compared to its floating gate and tunneling 

20 oxide based counterparts. Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) is potentially very dense in terms of 

number of cells per unit area that can be used and it requires fewer process steps as compared to floating gate 

memory. Moreover, it can be easily integrated with standard SRAM process technology. A further advantage of 

using SONOS devices is their suitability for applications requiring large temperat~e variations and radiation 

hardening. The SONOS stack is a gate dielectric stack and consists of a single layer of polysilicon, a triple stack 

25 ONO (Oxide-Nitride-Oxide) gate dielectric layer and a MOS channel 17. The ONO structure may consist of a 

tunnel oxide 12A, a nitride memory storage layer 12B and a blocking oxide layer 12C. 

Memory device manufacturei:s are continually challenged to provide ever greater amounts of memory at 

ever lower costs. Recently, Advanced Micro Devices, Incorporated of California has introduced MIRROR BIT 

™ nitride-based flash ROM that stores multiple bits per memory cell IO physically separated in nitride layer 12B. 

30 Such storage of multiple bits per cell increases the storage density of the memory device, thereby reducing the 

cost per bit of storage. 

Another primary approach employed to achieve lower memory costs is the industry-wide on-going 

reduction in semiconductor feature size. By making features, such as signal lines and transistors smaller, more 

memory devices may be placed in a given die area, resulting in lower production costs. 

35 However, as feature size decreases to, for example, about 0.3 microns and smaller, the channel length 

also decreases. As channel length grows shorter, threshold voltage begins to decrease and leakage current 

increases. These effects are commonly referred to in the semiconductor arts as the "short channel effect." An 

increase in leakage current is particularly onerous in flash memory devices as flash has found wide acceptance in 

very low power applications, for example mobile phones, due to the ability of flash to retain information without 

40 applied power. Increases in leakage current may have a significant deleterious effect on total power consumption 
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of the flash device and the product using the flash device. Consequently, much research and development effort 

has gone into mitigating the short channel effect. 

Prior art approaches to improve leakage current and reduce the short channel effect include, for example, 

"halo" doping and retrograde wells. Halo doping 20 creates a steep dopant profile at the edges of the source/drain 

5 regions, as shown in Figure 1. A conventional retrograde well has a non-uniform doping concentration that 

increases, for example, linearly with depth 22 in the channel region 17. The doping of a conventional retrograde 

well generally follows a continuous, monotonically increasing profile with no abrupt changes. Conventional 

retrograde wells are typically created by using a slow diffusing dopant species such as arsenic or antimony for 

PMOS devices and indium for NMOS devices. Both halo doping and retrograde well profiles serve to inhibit the 

1 0 flow of charge carriers, raising the threshold voltage and reducing leakage current for the device. 

However, both halo doping and conventional retrograde wells, alone and in combination, are found to be 

lacking. Such prior art approaches simply do not reduce leakage current to commercially acceptable levels for 

flash memory at modern process feature sizes, for example, 0.17 microns and smaller. 

Semiconductor processing equipment is extremely expensive. Fundamental semiconductor processing 

15 steps, e.g., doping, typically require long periods of development and extensive qualification testing. Any solution 

to the short channel effect should be compatible with existing semiconductor processes and equipment without the 

need for revamping well established tools and techniques. 

Thus a need exists to prevent short channel effects in memory cells. A further need exists for preventing 

short channel effects in a manner that is compatible and complimentary with conventional approaches to minimize 

20 short channel effects. A still further need exists for the above mentioned needs to be achieved with existing 

semiconductor processes and equipment without revamping well established tools and techniques. 

DISCLOSURE OF THE INVENTION 

Embodiments of the present invention provide a means to prevent short channel effects in memory cells. 

Further embodiments of the present invention prevent short channel effects in a manner that is compatible and 

25 complimentary with existing approaches to minimize short channel effects. Still further embodiments of the 

present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes 

and equipment without revamping well established tools and techniques. 

A memory semiconductor cell comprises a gate region, a source region and a drain region. A channel 

region is formed between the source region and the drain region. The channel region comprises a first channel 

30 portion with a first concentration of doping material, the first channel portion disposed adjacent to an edge of the 

channel region closest to and substantially parallel to the gate region. The channel region further comprises a 

second channel portion with a second concentration of doping material, the second portion disposed substantially 

parallel to the first channel portion and a third channel portion, disposed between the first channel portion and the 

second channel portion, with a third concentration of doping material. The third concentration is lower than the 

35 first concentration and lower than the second concentration. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a memory cell as has been well known in the conventional art. 

Figure 2 illustrates a memory cell with a retrograde channel, according to an embodiment of the present 

invention. 

Figure 3 illustrates an exemplary profile of doping concentration in a channel region versus channel 

depth, according to an embodiment of the present invention. 

2 
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Figures 4A, 4B and 4C illustrate a charge carrier flow through a channel region of a memory cell, 

according to an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the following detailed description of the present invention, retrograde channel doping to improve short 

5 channel effect, numerous specific details are set forth in order to provide a thorough understanding of the present 

invention. However, it will be recognized by one skilled in the art that the present invention may be practiced 

without these specific details or with equivalents thereof. In other instances, well-known methods, procedures, 

components, and circuits have not been described in detail so as not to unnecessarily obscure aspects of the 

present invention. 

10 RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT 

Embodiments of the present invention are described in the context of design and operation of flash 

memory devices. However, it is appreciated that embodiments of the present invention may be utilized in other 

areas of electronic design and operation. 

Figure 2 illustrates a memory cell 30 with a novel retrograde channel, according to an embodiment of the 

15 present invention. The channel region comprises three portions, 31, 32 and 33. Channel portion 33 is closest to 

gate 16 and substantially parallel to the long axis of gate 16. Channel portion 32 is substantially parallel to 

channel portion 33 and at a greater depth into the substrate material than channel portion 32. Channel portion 31 

is substantially parallel to channel portion 32 and at a still greater depth into the substrate material. Channel 

portion 32 is disposed between channel portions 31 and 33. It is appreciated that memory cell 30 is shown with 

20 source/drain extensions 11 and halo implant regions 20. Embodiments of the present invention are well suited to 

memory cells with or without these features. If one or both were absent, channel portions 31, 32 and 33 would 

extend horizontally to the halo implant or the source drain extension or the source/drain. 

By well known semiconductor processing techniques, for example implantation and diffusion, channel 

portion 33 may be constructed and given a particular concentration of doping material. Likewise, channel portion 

25 31 may be constructed and given a particular concentration of doping material. In general, no specific operations 

are performed to construct channel portion 32, rather channel portion 32 is a result of constructing portions 31 and 

33 with no overlap. The bottom of channel portion 31 may be, for example, 0.1 µm from the top edge of the 

substrate. 

According to an embodiment of the present invention, the doping concentration in both channel portion 

30 31 and channel portion 33 is higher than the doping concentration of channel portion 32. Graph 40 of Figure 3 

illustrates an exemplary profile 41 of doping concentration in a channel region versus channel depth. Channel 

portion 33 may have a doping concentration as depicted by profile 41 in region 33A. Channel portion 32 may 

have a doping concentration as depicted by profile 41 in region 32A. Channel portion 31 may have a doping 

concentration as depicted by profile 41 in region 31A. 

35 

40 

It is to be appreciated that, in contrast to conventional retrograde wells, the doping profile of this novel 

well is neither monotonic nor necessarily continuous, according to an embodiment of the present invention. There 

may be relatively abrupt (as allowed by semiconductor physics) changes in doping profile at the boundaries 

between channel portions, for example between channel portions 31 and 32, and between channel portions 32 and 

33. 

In channel portions 31 and 33 charge carrier migration is hindered due to the to relatively high 

concentration of doping material(s). Consequently, the effective channel region is reduced to approximately 

3 
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channel portion 32. For example, channel portion 32 may form a "tunnel'' (not to be confused with quantum 

effect tunneling) between channel portions 31 and 33. As a beneficial result of the reduced effective channel, 

threshold voltage is increased and leakage current is decreased, reducing or eliminating the short channel effect. 
) 

It is to be appreciated that the depths, thickness and doping concentrations of the respective channel portions will 

5 vary according to a wide range of variables including, for example, source/drain thickness, channel length, 

operating voltage, doping materials and whether the device operates as a P channel or an N channel. 

Channel portion 31 may be initially formed by using a slow diffusing dopant species, for example, 

arsenic or antimony for PMOS devices. Such a diffusion process may enable high concentrations of doping 

material to reach the channel depths required. Channel portion 33 may be formed by using faster diffusing 

10 dopants, e.g., boron. A shorter diffusion may produce a high concentration of doping material at relatively 

shallow depths in the channel region. 

Figures 4A, 4B and 4C further illustrate a charge carrier flow through a channel region of memory cell 

30, according to an embodiment of the present invention. In Figure 4A, charge carriers, for example, electrons 

403 attempt to flow from source/drain region 401 to source/drain region 402. Electrons are impeded from flowing 

15 into channel portion 33 due to a high concentration of doping material. Likewise, electrons 405 are impeded from 

flowing into channel portion 31 due to a high concentration of doping material. In contrast, electrons 404 are able 

to overcome a relatively small energy barrier and flow into channel portion 32. 

As shown in Figure 4B, electrons 403, otherwise disposed to travel horizontally (as depicted) into 

channel region 33, must change direction to travel around the "corner" of channel region 33 in order to enter 

20 channel region 32, wherein electrons are more able to flow. Such changes of direction require energy, resulting in 

a higher energy budget for electrons traversing a complex path, in contrast to electrons which may be able to 

travel in substantially a straight line. In addition, because region 401 is fully populated with charge carriers, e.g., 

electrons 404 and 405, additional energy is required to overcome the electrostatic repulsion of like charges in 

order to move the charge carriers closer together. As a beneficial result of the increased path length, the indirect 

25 nature of the path, as well as electrostatic repulsion, electrons 403 require more energy to travel from region 401 

to 402 and consequently have a beneficially higher threshold voltage for embodiments of the present invention 

when compared to the prior art. 

In a similar manner, electrons 405 must change direction and overcome electrostatic repulsion- in order to 

travel into channel portion 32 from their original positions adjacent to channel portion 31. Consequently, 

30 electrons 405 have a higher threshold voltage than would otherwise be required. 

Electrons 404, while disposed adjacent to channel portion 32, are also beneficially affected by 

embodiments of the present invention. Although electrons 404 are not obviously redirected to avoid channel 

portions of higher doping concentration, electrons 404 are affected by the localized increased concentration of 

charge carriers resulting in electrostatic forces acting upon electrons 404 in a similar manner to the electrostatic 

35 forces acting upon electrons 403 and 405. 

Figure 4C shows a cumulative effect of the present retrograde channel on charge carrier flow, according 

to an embodiment of the present invention. Electrons in region 401 are inhibited from flowing in channel portions 

33 and 31, favoring channel portion 32. However, due to the physically constrictive nature of channel portion 32 

combined with electrostatic forces acting upon the like charge carriers, the electrons tend to "bunch up" at the 

40 interface between region 401 and channel portion 32. The net effect of "bunching up" is seen externally as a 

desirable increase in threshold voltage, and a corresponding decrease in leakage current. 

4 
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It is to be appreciated that although a PMOS device has been illustrated herein, embodiments of the 

present invention are well suited to NMOS devices as well. The choices of materials, e.g., for dopants, for use 

with NMOS devices are well understood in the semiconductor arts. 

This novel design and method to implement this design reduce and/or eliminate the short channel effect, 

5 allowing for decreased feature size and increased density of memory cells. These beneficial results allow for less 

expensive memory devices with lower power consumption, rendering a competitive advantage to the users 

practicing embodiments of the present invention. 

Embodiments of the present invention provide a means to prevent short channel effects in memory cells. 

Further embodiments of the present invention prevent short channel effects in a manner that is compatible and 

1 0 complimentary with existing approaches to minimize short channel effects. Still further embodiments of the 

present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes 

and equipment without revamping well established tools and techniques. 

The preferred embodiment of the present invention retrograde channel doping to improve short channel 

effect is thus described. While the present invention has been described in particular embodiments, it should be 

15 appreciated that the present invention should not be construed as limited by such embodiments, but rather 

construed according to the below claims. 

5 
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CLAIMS 

What is claimed is: 

1. A method of manufacturing a memory semiconductor cell (30) comprising: 

forming a first channel portion (33) to produce a first concentration of doping material, said first 

channel portion (33) disposed adjacent to an edge of a channel region closest to and substantially parallel 

to a gate region (16) of said memory semiconductor cell; 

forming a second channel portion (31) to produce a second concentration of doping material, 

said second portion (31) disposed substantially parallel to said first channel portion (33); and 

forming a third channel portion (32), disposed between said first channel portion (33) and said 

second channel portion (31), comprising a third concentration of doping material, wherein said third 

concentration is lower than said first concentration and lower than said second concentration. 

2. The method as described in Claim 1 further comprising implanting a halo implant (20) disposed 

adjacent to a source region or a drain region of said memory semiconductor cell (30). 

3. The memory semiconductor cell (30) described in Claim 1 wherein a source region of said 

15 memory semiconductor cell comprises a source extension region (11). 

4. The method as described in Claim 1 further comprising forming said second channel portion 

(31) prior to the formation of said first channel portion (33). 

5. The method as described in Claim 1 wherein said memory semiconductor cell (30) is non-

volatile. 

20 6. The method as described in Claim 5 wherein said memory semiconductor cell (30) comprises a 

25 

30 

35 

40 

nitride layer as a storage element (12B). 

7. The method as described in Claim 5 wherein said memory semiconductor cell comprises a 

floating gate (12B) as a storage element. 

8. A memory semiconductor cell (30) comprising: 

a gate region (16), a source region (14) and a drain region (14); 

a channel region (17) between said source region (14) and said drain region (14); 

wherein said channel region (17) comprises: 

a first channel portion (33) comprising a first concentration of doping material, said first 

channel portion (33) disposed adjacent to an edge of said channel region (17) closest to and substantially 

parallel to said gate region (16); 

a second channel portion (31) comprising a second concentration of doping material, said 

second portion (31) disposed substantially parallel to said first channel portion (33); and 

a third channel portion (32), disposed between said first channel portion (33) and said second 

channel portion (31), comprising a third concentration of doping material, wherein said third 

concentration is lower than said first concentration and lower than said second concentration. 

9. The memory semiconductor cell described in Claim 8 wherein said channel region (17) further 

comprises a halo implant (20) disposed adjacent to said source region (14) or said drain region (14). 

10. The memory semiconductor cell described in Claim 8 wherein said source region (17) 

comprises a source extension region (11). 
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12 
13 (57) [Abstract] This publication is application data prior to electronic applications and so there is no abstract data 
14 recorded. 
15 1. Title ofThe Invention 
16 Semiconductor Device 
17 
18 2. What is Claimed Is 

19 (1) A semiconductor device comprising a first conduction type first area; a second conduction type second area 

20 formed on the primary surface of one side of the first area; a first conductive type third area formed at least 

21 partially on the upper layer of the second area; a second conductive type fourth area formed partially on the 

22 upper layer of the third area; an insulator formed so as to cover at least from the primary surface of the second 

23 area to the primary surface of the third area reaching the primary surface of the fourth area; a first electrode 

24 formed on the primary surface of the other side of the first area; a second electrode formed on the primary 

25 surface of the insulator; and a third electrode formed at least in contact with the primary surface of the fourth 

26 area, wherein the impurity distribution of the second area comprises a gradient in the vertical direction relative 

27 to the primary surface. 

28 
29 (2) The semiconductor device according to claim 1, wherein the second area is prepared as a two layer structure 

30 of a medium concentration impurity area in contact with the first area and a low concentration impurity area in 

31 contact with the third area and there is an impurity distribution established in the medium concentration 

32 impurity area such that the impurity concentration decreases moving from the low concentration impurity area 

33 towards the first area. 

34 
35 (3) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity 

36 concentration is established in the medium concentration impurity area with an increase moving from the low 

37 concentration impurity area toward the first area. 

38 
39 (4) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity 

40 concentration is established in the low concentration impurity area with an increase moving from the third area 

41 toward the medium concentration impurity area. 
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42 (5) The semiconductor device according to claim 1, wherein an impurity distribution of the impurity 

43 concentration is established in the low concentration impurity area with an increase moving from the medium 

44 concentration impurity area towards the third area. 

45 
46 DETAILED DESCRIPTION OF THE INVENTION 
47 FIELD OF INDUSTRIAL USE 
48 The present invention is related to a semiconductor device and in particular to the improving of turn-off time for an 
49 insulated gate bipolar transistor (hereafter "IGBT"). 
50 BACKGROUND TECHNOLOGY 
51 
52 FIG. 5 (a) is a cross-section view of a conventional IGBT and FIG. 5 (b) is a schematic drawing showing the impurity 
53 distribution of each of the areas along the E-E line. In FIG. 5, 1 is a first P-type area with a P type impurity uniformly 
54 distributed at high concentration. A first N-type area 2 is formed on the primary surface of one side of this first P-type 
55 area 1 with N type impurities uniformly distributed at a medium concentration. In addition, a second N-type area 3 is 
56 formed on this first N-type area 2 with N type impurities uniformly distributed at low concentration. Furthermore, a 
57 plurality of mutually isolated second P-type areas 4 are formed on the upper layer of this second N-type area 3 with P 
58 type impurities uniformly distributed at a medium concentration. Also, a third N-type area 5 is formed over a part of 
59 the upper layers of the respective second P-type areas 4 with N type impurities uniformly distributed at high 
60 concentration. Furthermore, a gate electrode 7 is formed with an insulating film 6 interposed on the main surface of 
61 the second N-type area 3 and on a part of the main surface of the second P-type area 4. In addition, an emitter 
62 electrode 8 is formed on the remaining part of the main surface of the second P-type area 4 and the main surface of 
63 the third N-type area 5. On the other hand, a collector electrode 9 is formed overlain on the other primary surface of 
64 the first P-type area 1. 
65 
66 Next, the operating mechanism of the IGBT above will be described. First, under normal operating conditions, relative 
67 to the emitter electrode 8, positive high DC voltage is applied to the collector electrode 9 and further, positive 
68 stepped constant voltage is applied to the gate electrode 7. With stepped positive voltage applied between the gate 
69 and emitter in this manner, an N channel is formed at the boundary layer of the second P-type area 4 and insulating 
70 film 6, and electrons are injected through this N channel from the third N-type area 5 to the second N-type area 3 and 
71 first N-type area 2. Therefore, the potential of the second N-type area 3 and first N-type area 2 is reduced and the P-N 
72 junction at the boundary layer of the first P-type area 1 and first N-type area 2 is biased in the forward direction 
73 causing electron holes to be injected from the first P-type area 1 to the first N-type area 2. The injected electrons and 
74 electron holes neutralize electrically so large numbers of electrons and electron holes are supplemented and injected 
75 respectively from the third N-type area 5 and first P-type area 1 causing accumulation of a lot of electron holes and 
76 electrons on the first N-type area 2 and second N-type area 3. As a result, the specific resistance of the first N-type 
77 area 2 and second N-type area 3 is lowered setting the IGBT in conduction state with high current from the collector 
78 electrode 9 to the emitter electrode 8. 
79 
80 Next, when positive voltage is no longer applied to the gate electrode 7, the N channel at the boundary layer of the 
81 second P-type area 4 and insulating film 6 vanishes and electrons are no longer injected from the third N-type area 5 
82 to the second N-type area 3 and first N-type area 2. The current based on this type of electron injection is equivalent 
83 to a PNP transistor with the first P-type area 1 as the emitter, the second N-type area 3 and first N-type area 2 as 
84 base, and the second P-type area 4 as the collector. Therefore, IGBT current in the case that electron injection is 
85 terminated is anticipated to be approximately the equivalent of PNP transistor current for the case that base current 
86 has been terminated for the PNP transistor. In other words, when electron injection is terminated, current flowing 
87 through the IGBT is reduced and FIG. 6 shows a schematic of this waveform. 
88 In FIG. 6, the vertical axis is current flowing through the IGBT and horizontal axis is time. As shown in FIG. 6, at time t 
89 = to, when gate electrode positive voltage is terminated, current instantaneously drops from lo to I, and then gradually 
90 reduces to zero. 
91 
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92 THE PROBLEM(S) THAT THIS INVENTION INTENDS TO RESOLVE 
93 One of the elements that exhibits the current characteristics of this IGBT is the turn-off time tff. This turn-off 
94 time is defined as 
95 
96 
97 

(1) 

98 Here, to is the time that positive voltage is terminated on the gate electrode and t1 is the time that current 
99 reaches 0.llo. 

100 
101 As can be seen in FIG. 6, the turn-off time taff is dependent on the current attenuation characteristics of the 
102 attenuation region from time to to time ti. Here, as described above, this IGBT approximates a PNP transistor so 
103 the current waveform in the attenuation region can be approximated using 
104 

105 
106 

l {t)=I 1 exp( 
t - t o 

f3 t b 
.•• ( 2) 

107 Here, ~ is the grounded emitter current gain and Tb is the base travel time for a PNP transistor. In formula (2), if 
108 the value of ~Tb is reduced, attenuation in the attenuation region becomes remarkable enabling shortening the 
109 turn-off time taff of the IGBT. Furthermore, approximation of ~Tb, 
110 

111 
112 
113 However, 
114 

115 
116 

r a 1 
' b 

••• ( 3) 

) ... ( 4) 

117 Here, y is the emitter injection efficiency of the PNP transistor. aT is the base transport efficiency of the PNP 
118 transistor and Teff is the effective carrier lifespan inside the PNP transistor base area. 
119 
120 In the past, the effective carrier lifespan Teff inside the PNP transistor base area was reduced using electron 
121 beam irradiation to shorten the IGBT turn off time taff- In other words, reducing the effective carrier lifetime Teff 
122 in the PNP transistor base area reduces the ~Tb value and as a result, current attenuation in the attenuation 
123 region becomes remarkable and the IGBT turn-off time taff is shortened. 
124 
125 However, when the effective carrier lifespan Teff in the PNP transistor base area is reduce in this manner, there 
126 was the problem that the number of electron holes and electrons accumulated on the first N-type area 2 and 
127 second N-type area 3 was reduced while in conduction status and thus increased effective resistance. 
128 
129 An objective of the present invention is to resolve the problems as described above and obtain a semiconductor 
130 device with a short turn-off time while also having a small effective resistance while in conduction state. 
131 
132 MEANS FOR SOLVING THE VARIOUS PROBLEMS 
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133 The semiconductor device according to the present invention comprises a first conduction type first area; a 
134 second conduction type second area formed on the primary surface of one side of the first area; a first 
135 conductive type third area formed at least partially on the upper layer of the second area; a second conductive 
136 type fourth area formed partially on the upper layer of the third area; an insulator formed so as to cover at least 
137 from the primary surface of the second area to the primary surface of the third area reaching the primary 
138 surface of the fourth area; a first electrode formed on the primary surface of the other side of the first area; a 
139 second electrode formed on the primary surface of the insulator; and a third electrode formed at least in 
140 contact with the primary surface of the fourth area, wherein the impurity distribution of the second area is 
141 established so as to comprise a gradient in the vertical direction relative to the primary surface. 
142 
143 FUNCTION 
144 Regarding the semiconductor device according to the present invention, the impurity distribution comprises a 
145 gradient in the vertical direction relative to the primary surface generating an internal electric field in the second 
146 area and the effective diffusion constant of carriers in the second area are controlled by this internal electric 
147 field, shortening the turn-off time. 
148 
149 EMBODIMENTS 
150 FIG. 1 (a) is a cross-section view of the IGBT that is an embodiment of this invention, and FIG. 1 (b) is a schematic 
151 drawing showing the impurity distribution of each of the areas along the A-A line. In FIG. (1), the only point of 
152 difference from conventional is the N-type impurity distribution of a first N-type area 2. As shown in FIG. 1 (b), 
153 the N-type impurity concentration of the first N-type area 2 is the lowest at the boundary surface of a first P-
154 type area 1. The value thereof increases when approaching a second N-type area 3, and reaches a medium 
155 concentration on the boundary surface of the second N-type area 3 in a similar manner to conventional. 
156 In this manner, an internal electric field is generated within the first N-type area 2 by providing a slope to the N-
157 type impurity concentration of the first N-type area 2. The type of internal electric field that is generated based 
158 on the slope of the N-type impurity concentration is described as follows. The relationship between this internal 
159 electric field and the N type impurities is given by 
160 

161 
162 

k f 
E (X) = - - • 

q 

1 

N ( X} 

d N ( x) 
• . .. { s ) 

d X 

163 Here, E(x) is the internal electric field, k is the Boltzmann's constant, Tis absolute temperature, q is the amount 
164 of electron charge, and N(x) is the N-type impurity concentration distribution. As understood from formula (5), 
165 the internal electric field direction and the N-type impurity concentration distribution gradient are in opposite 
166 directions. Therefore, when indicating an N-Type impurity concentration distribution such as the one shown in 
167 FIG. 1, the internal electric field directionality is from the second N-type area 3 towards the first P-type area 1. 
168 This type of internal electric field will act to obstruct the diffusion of electron holes that are injected through the 
169 first P-type area 1 and attempting to diffuse to the second N-type area 3, reducing the effective electron hole 
170 diffusion constant. 
171 
172 FIG. 2 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and FIG. 2 (b) is a 
173 schematic drawing showing the impurity distribution of each of the areas along the B-B line. Regarding points of 
174 difference from conventional in this drawing, as shown in FIG. 2 (b), the N-type impurity concentration of the 
175 first N-type area 2 at the boundary surface with the second N-type area 3 has a low concentration in a similar 
176 manner to the N-type impurity concentration of the second N-type area 3. With approaching the first P-type 
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177 area 1, the value thereof increases, reaching a medium concentration at the boundary surface similar to 
178 conventional. 
179 
180 By providing a slope opposite to what is shown in FIG. 1 for the N-type impurity concentration of the first N-type 
181 area 2 in this manner, an internal electric field opposite of the one shown in the first drawing is generated in the 
182 first N-type area 2. Therefore, as this internal electric field acts in a direction accelerating electron hole diffusion, 
183 the effective electron hole diffusion constant is increased. 
184 
185 FIG. 3 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and (b) of the same 
186 FIG. is a schematic drawing showing the impurity distribution of each of the areas along the C-C line. Regarding 
187 points of difference from conventional in this drawing, as shown in FIG. 3 (b), the N-type impurity concentration 
188 of the second N-type area 3 has a low concentration at the boundary surface with the second p-type area 4 in a 
189 similar manner to that of conventional. With approaching the first N-type area 2, the value thereof increases, 
190 reaching a medium concentration of N type impurity concentration in the first N-type area 2 at the boundary 
191 surface with the first N-type area 2. 
192 
193 By providing a slope opposite to that shown in FIG. 1 for the N-type impurity concentration of the second N-type 
194 area 3 in this manner, an internal electric field opposite of the one shown in FIG. 1 is generated in the second N-
195 type area 3. Therefore, as this internal electric field acts in a direction accelerating electron hole diffusion, the 
196 effective electron hole diffusion constant is increased. 
197 
198 FIG. 4 (a) is a cross-section view of the IGBT that is another embodiment of this invention, and FIG. 4 (b) is a 
199 schematic drawing showing the impurity distribution of each of the areas along the D-D line. For points of 
200 difference from convention in this drawing as shown in FIG. 4 (b), the N-type impurity concentration of the 
201 second N-type area 3 has a low concentration at the boundary surface with the first N-type area 2 in a similar 
202 manner to that of conventional. With approaching the second P-type area 4, the value thereof increases, 
203 reaching a high concentration at the boundary surface with the second P-type area 4. 
204 
205 By providing a slope the same as that shown in FIG. 1 for the N-type impurity concentration of the second N-
206 type area 3 in this manner, an internal electric field the same as the one shown in FIG. 1 is generated in the 
207 second N-type area 3. Therefore, as this internal electric field acts in the direction of obstructing electron hole 
208 diffusion, the effective electron hole diffusion constant is decreased. 
209 
210 As stated above, a suitable internal electric field is generated in either the first N-type area 2 or the second N-
211 type area 3 by applying a gradient to the impurity distribution of either the first N-type area 2 or the second N-
212 type area 3 in the direction vertical relative to the main surface, and the effective diffusion constant of the 
213 electron holes of the first N-type area 2 or the second N-type area 3 can be controlled. 
214 
215 Next is a description of the theory behind shortening of the IGBT turn-off time by controlling the electron hole 
216 effective diffusion constant. 
217 
218 Here, for the base area, or in other words when assuming that the thickness of the first N-type area 2 and the 
219 second N-type area 3 do not change, the base travel time is reduced as the electron hole diffusion constant 
220 becomes larger, and conversely, the base travel time increases as the electron hole diffusion constant becomes 
221 smaller. In other words, the base travel time can be controlled by controlling the electron hole diffusion 
222 constant. Furthermore, the IGBT turn-off time can be controlled by controlling the base travel time. Next is a 
223 description of the reasons why this is the case. 
224 
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225 
226 

First, differentiating the approximation formula ~Tb (3) by the base travel time Tb is 

227 
228 

d 

d 

d 

d 

y 

1: 

y 

r: 

> 0 Gives 

b 

< 0 Gives 

b 

2 -r b 
< [2 

t e ff 
... ( 6) 

2 -r b 
[2 > 

r eff 
.•• ( 7) 

229 If equation (6) is valid, the turn-off time t'" is shortened as the base travel time Tb becomes smaller. On the other 
230 hand, if equation (7) is valid, the turn-off time t'" is shortened as the base travel time Tb becomes larger. 
231 
232 By generating an internal electric field in the first N-type area 2 or the second N-type area 3 as a result of 
233 applying a slope to the impurity concentration distribution of either the first N-type area 2 or the second N-type 
234 area 3, the electron hole diffusion constant in addition to the base travel time can be controlled, which enables 
235 shortening the IGBT turn-off time. In addition, the actions described above enable shortening the turn-off time 
236 without reduction of the effective carrier lifespan of the first N-type area 2 or second N-type area 3 that was 
237 required previously and enables suppressing the effective resistance of the first N-type area 2 or second N-type 
238 area 3. 
239 
240 Next is a description based on the FIG. 1 regarding a manufacturing method of a semiconductor device 
241 according to the present invention. First, the first N-type area 2 is formed on the first P-type area 1 using the 
242 vapor-phase epitaxial growth method. When conducting vapor-phase epitaxial growth, the first N-type area 2 
243 with an N-type impurity concentration distribution as shown in FIG. 1 (b) can be obtained by gradually increasing 
244 the N-type impurity concentration in proportion to the growth film thickness. Next, the second N-type area 3 is 
245 formed on the first N-type area 2 using the vapor-phase epitaxial growth principle. Furthermore, by applying the 
246 manufacturing process of a normal double-diffusion-type MOS transistor, the second P-type area 4, third N-type 
247 area 5, insulating film 6, gate electrode 7, and emitter electrode 8 are formed, and the IGBT as shown in the FIG. 
248 can be produced. 
249 
250 In addition, if a gradient is applied to the N-type impurity concentration to a first N-type area 3 [sic] as shown in 
251 FIG. 2, the N-type impurity concentration can be reduced gradually based on the growth film thickness when 
252 forming the first N-type area 2 on the first P-type area 1 in accordance with the vapor-phase epitaxial growth 
253 principle. 
254 
255 In addition, if a gradient is applied to the N-type impurity concentration of the second N-type area 3 as shown in 
256 FIG. 3 and FIG. 4, the N-type impurity concentration can be changed gradually based on the growth film 
257 thickness when forming the second N-type area 3 on the first N-type area 2 in accordance with the vapor-phase 
258 epitaxial growth principle. 
259 
260 EFFECT OF THE INVENTION 
261 The turn-off time is shortened for the semiconductor device of the present invention by controlling the carrier 
262 effective diffusion constant in addition to the base travel time using the internal electric field generated by the 
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263 impurity concentration distribution. This results in enabling obtaining a high-performance semiconductor device 

264 without increasing the effective resistance while in a conductive state. 
265 
266 BRIEF DESCRIPTION OF THE DRAWINGS 
267 FIG. 1 is a drawing showing an embodiment of the present invention. FIG. 2 through FIG. 4 are drawings showing 
268 other embodiments of the present invention. FIG. 5 is a drawing showing a conventional example. FIG. 6 is a drawing 
269 showing the relationship between the electric current and the time where voltage applied to the IGBT gate electrode 
270 is stopped. 
271 
272 In the drawings, 1 is the first P-type area, 2 is the first N_type area, 3 is the second N-type area, 4 is the second P-type 
273 area, 5 is the third N-type area, 6 is the insulating film, 7 is the gate electrode, 8 is the emitter electrode, and 9 is the 
274 collector electrode 
275 
276 Furthermore, the same symbols in the drawings indicate the same or corresponding parts. 
277 
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rlfili!A<5n6. 'fQ)~Jl, !lff1 N~\'ll~2i/5t 

Ulll2N!l'!flllil3(J)JtlJUttf.Gtrl,, ::Ji.1?911 

~9~6I~,,m~B~*~-ffi~n!GBT 

IJ(!)illiV:r!l:~IJ:9. 

?){I,:, 'f-t-ffl!ii7~0liEfflffQ)ElJ/l)tf.lj:<.f.J 

QC, ,ll2P'1'.!Mlii'!4cfl!li:iif!lt6cQ)l'/-lfll(J)N 

'f i, + iv tfiii'J iJ! L,, ~ 3 N 'l! fa lii'i 5 fl• 6 M 2 N !I'! 

ffilii'i3~~U!ff1N'1'.!~lii'!20lffl'f~Q)itAtfit.l: 

<.IJ:6, Z:.Olt?IJ:.1lritA~~6il!ffiflL ill1 

plj1!f'iHi1 {fI::.7:'i1, lff2N~#'ilii'!3cm1 N 

lj1!:'i'J~2f:l\-::.S, tt:,ll2P~Mlii'i4~::ii.l? 

Hlfflll:}64-82563 (2) 

c51-:, i:Q)1fl2P!!!!ffilit4(l)'fn~n0l..thflllll 

~ l!i iA m 1' ~ - 1-: N '.I'! ~ Mi 11, ff. ff m c n r ,, ;,:, m 

3 N lrl M lii'i 5 ff. tlll it (I\J k:: ID /R. c n T •' 6 • t L, -c , 

M2N~~li/i3(J)± • ~B~UM2PMmlii'!40l 

~• oo(J)-fflLk::~R~~6~*L-C?'-~~~ 

7 ff. ID $. c tl. T v' Q • a: I:: , !ff 2 P !I'! Ill lii'i 4 Q) ± 
• ooQ)~"JO)flllftStUm3N • Mlii'!5(J)~•oo 

..t I.: i =:. 7 9 \!Ii Ii 8 tfi ID IP. c t1. T ,, 6 • - n , ffi 

1Plr!Mlii'!1Q)mn(J)± • lfll~l;l.:::i~~,ffl~9 

ff. fti IS L, T ID ff( c tl. -C •' 6 • 

~ lo: ' L lil I G B T (J) fJJ fF llJ m lo: "'.) v' -c FJ! PJl t 

6 • a: ., , ili m © l1l n· v: !1!l " 1;1 , I ::. 7 9 m w a 
~Wl,T~ffl~fi~~LTiEOla • ~~EE~:::ii.l 

?9lt!ii91-:fP/JlL, ;5'3~, iEOJ:;t:7'::r7"V:,l 

l'l:EE~?'-t-mlli7~E!JIJ[Jt6, ;:(J)t:i~'.AT 

,7V:Q)iEffifftf.'f-r•I~7900~E!loocn 

6t, m2P'l!Mlii'i4t11HllWl!l6tOlll~ilii'-= 

N'fv+Jvtf.ID$.;5h, i-Q)N'fv+Jv{dll,T 

!ff3N.Mlii'i50Sm2N • Mlii'i3StUm1N 

MIIHl21.::llr#itA'5tl.6, 'fQ)t:I}'), m2N 

:S1c~7->PNPt-7:.,9;:.s,Q)l\-::.Sffi•l.::mj 

l,TPQ, L,t:tf.-,T, fflrti:A.tJ.t.l:<.t..-,t:~ 

€/O)!GBTQ)ffli/tl;l., l!i1i!fl\J~PNPr5:.,;i 

'.A9~8"cl\-::.S~Rtfi1J:<.t.l:~~~{!;O)PN 

P r 5 :., 9 ::.s 9 Q) !II' u.t ~ ~ L, v' t ~ ;t 6 n 0 • ~ 

t"J, i1rl1A.tf.t.l:<.IJ:~t:J,i€;, ! GB T.f:lfi:: 

tl.0ffllli!liili'l>L,, 'f(J)l!/iIDl;tmitfl\JS:!n66!!1-: 

ff.;t~:ik::IJ:0. 

M 6 ~ I;: .t, v' T , Ill. tit lj I G B T cj:J {i:1,',t t1. 7a> ~ 

• 1' &; "J ' ff! ~ It ~ lill e ~ T • IP! f.!l I.: m t ~ -:i I;: ' 

~Mt-t 0 ~8>'T'f-r~~Q)~ffl/Itf.~<. 

t.l:7->c, ffliTfliJ/ffilfl'll: Io b•6 I 1 1-.:~'.J>L,t: 

Q)Js, ~ql;'.~:l;l.'~'!>~6. 

Cll1Jltfiili~L,~jc"§"6111ll'Iii.'.i:J 

i:(J)!GHTQ)ffl~~ne~~~-(J)Oc~t 

l,T, 9-:.,,t711H.llt 0 rr tfi®6. C(J)9-:., 

;,t 7 ll;i ml t off lj' 

toff =t1 -to , .. (l) 

tlic~cn7a>. cc-i:, t 0 1.t'f-t-~!i(J)iE~ 

/Itf.f.):(la:01!,HIJl.'<i;VJ, t 1 l;tffllf.tfiO. 1 
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I O t.:::IJ:61li~J1."A6. 

iol~b'Sb/J'6J::lt.::, i:0Jf-:;,,;t711Ull 

t Of f U: 11.J ~J t O 11' '3 11;¥ ~J t 1 t.:: /J' l:t T 0) iii ft lfi 

• t.:: il1 It 9 :; ii OJ 3ii fi ~ 11 &.: ~ fl lf 6 • 'f- i: 1." , 

J::/20)i:'.'t<, i:OJ I GBTIJIPNPl--5:t!';{ 

ft.::m~G-~Oi:tf1'S~ftlfi~t.::n~Qffl~ 

i!llJfH: 

t - t o 
I ( t ) = I 1 ex P ( - --- ) ... (2) 

fj r b 

O)J::lt.::i!i~ltl!t.::l>i-rti:t/Jl1."i!6. i:i:1.", f3 

U:PNPl-"5:t!';{Jt.::0~6I~79m~~~ 

l!J l/9 1' <f.i l:J , 'Z" b l;t P N P I- 7 :;,, :? A 9 I.: 8 It 6 

« - A it fr 11-1 rm "l' • 6 • c 2 1 ~ i.: n ~' --c , f3 r b 

OJP~~a<-tn~M•M~t.::;13~6Mfi/JIM~ 

t.:: fJ: l:J , I G B T ll) 9 - :, ;t 7 n.J lffl t off ~ l.11 < 

-rt6.::t!Jll'i!l>. asi.:. f3rb ©i!i:~l'l:1.1.. 

T a T 
r b ••• (3) 

- Ta T 

1:: tr! G • 

M 1> T a 1:: l/1J , • Ji !!I lit /JI * i! < fJ: 7-> t ~' :l ll!I Ill 

~ /JI Ii) ') t-. O 

i:OJR~U:J::~OJJ;3:IJ:~ffl~~fi~-rt61::l/1J 

1.:ra:ant::'bOJl'liJtJ. :11-:;,,1t7n.Jlll!IJl'-ll<, 

1,, -:i ii i!'I ~ s l' OJ • Ji !II m 1J1 ,J\ a 1, ~ w tt. iii n ~ 
l.'JOi:t~§~t-rta. 

c ~m~~fi~-rtattl/1JO).fclJI l 

i:OJ1l!IJlt.::{lil6¥l!JiU'dlU:, lll 1 l!J\tlr/OJ/f, 

1 flil«t. Ml'iHI! 1 li~U)-Jj0):J:1iifii.tt.::ID~ 

anr:Jff2lJ'rt~OJIJ2ffililt, 1,Hl1'!21fi~OJ 

.t~~i.::~~<t~1•~~9~1-:~~an1::m 

1 i§;t11'10Ji131il4.!:. Mrci1131'lililOJJ::li!ll!III-: 

illlf11t111-:ID.li!ian1::m2l!ltill!O)lfl411ililt, M 

~m21fililOJ±~oof1'Sil/J~m4MlilOJ±~ifiit.:: 

~•~~il3Ml40J±~ifii~~:IJ:<tt>m1~3 

t.::ID~cnt:l1Hiltt. ~~/f,1 (fiJ40)fl!!JjO);t 

~ mi t.:: ID .li!i c n t;: /f, 1 Ill ti t , fr @ I/Hi lt OJ ± 1>i 

jjijJ::t.::M~ctl.t-.!J!2\lllt.1Hl:(c'OlJl:i:!:.Jl 

4Mlil0):J:f>iooi.:m-rt7.,J;3i.::ID~an1::m3~ 

Ii t i- ti 1" 6 '¥ i§ it "\l1 ill t.:: il5 ~' --C , il/1 ilc ffl 2 1'li J4 

«r =sech () 

eff 

• •• ( 4) 

t:IJ:6. i:i:"l', TIJ:PNPl-"5:t9:;l.!,IO)I~ 

79!!AW!.1."Al:J. «r 11PNPl-"5)'9:;l.9 

/JJ « - :;i. la lzi ~ * l' A l:J, r eff U: P NP r 7:;,, 

::;:;1.90J«-:;1.ffi~~l'OJ•Wl*•Y7.e1."A 

Q. 

!l: * t.:: ifl ~' --c l:t. , I G B T OJ !>z - )' ;t 7 11;¥ r.:i t 

off ~l,ij(-rt7.,t;:~t.::fflrt:'.-L.!Klffl~t.::J;l:J p 

NPl-7:t!';{!>zOJl'\-:;i.M~~"l'OJWfr*•Y 

7 ;I;; ill! 'Z" e ff ~ 1), ~ < Q 6 J; :) t.:: G T ~' t: , 1" t:r. 

b15, i:OJPNPt-7:;,,9;{:l!OJ"s-:;1.lfi!iK~l' 

OJWW!*•'J7•10r-err ~,J\a<-.ra.::tt.::J; 

t)f3 'b U.Hll!Jl 1J,~<:IJ:1:J, 'f-O)f.'ill!, )Ui!MI.« 

t.::n~•~~/JJiil~/Jlm~t.::Ql:JIGBTOJ9-

:,;t71li[llltorr t,q;o<t.ta, 

Gb'G:IJ:IJIS, i:O)J;:)t.::PNPr-5:n;:;i.; 

0) f\ - :;i. ;I ii« i;tl 1." 0) • ~ =t V ') 7 ~ if/I r e f f ~ tj\ 

a<-t7.>.!::, l!Jinitl.l!ll'J:111 N'l'lf1Hl28J:Ulff 

2N~lfi~3t.::Z~an•~~nJ;u~rOJ~!JI 

P'll-:il'iffa~M~Bm~:t:~iffit.::MGT•~~Jj 

~t.::~~~R1"6J:3t.::~~-r0a. 

( fl' Ill l 

C 0) ,t IJl I.: il1 It 6 ¥ l/J lt g ill 11 , ii 2 1'li J4 ~ 1-: 

;13ff7.>~M~9m8~1>iifiit.::NLT • ~:IJ:n~i.:: 

~li!~RV6~3i.::Gt-..::ti.::J;l:J, ooi!lff2:ri 

liP'l!.:ff'lililiW~JB, G, i:OJP'liiiUtl!'ilt.::J:l:Jn!J 

~m2Mlil~"C'O)~yU7©-~~Q~~~~~ 

M~anc!>z-)'~7~llll~m<-rt6. 

c•1iun 
if!1 liil(a) 11i:(l)J!IJlt.::l.1\6-:J.m§~1."tVl6 I 

GBT/JJ!lliliilt!.11."®IJ, fl,Jf!l(b) ttA-Atli.:ia 

-:,k8Mlilt.::8~6~M~ft$~ffll't~!.:ff-Gk 

f!I 1." ti; 7-> • luJ Ii!! 1-: il5 ~' T , tt * .!:: 0) Ill iii (..( l;J; .II 1 

N!l'1M~2t.::8~6N~~~~OJ9m(l)~"C'56, 

Jlll~(b) t.::m"tJ:-jt.::, !ff1 N1'1MJ.«2i.::n1t0 

N~~M~(l)=~U:il1Plr!MJ41t(l)mWifii"C' 

lilflt"C'tl;IJ, oll2N1'1MJ43t.::)lf-4"<t.::Gt:fl'-:, 

T t (1) Ill U: ~ < ~ -, T ~' i! . ,II 2 N 11'1 ~ 1i1 3 t 0) 

~Wiliic-~*tio!u<~~~.!:~6, 
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C./JJJ:11.::m1N~ffi~21.::8nAN!l'i~ft~ 

/JJ~lff1.::ffla~mn~c.t1.::.1:1<Jm1Nmm•2 

R&/JJ®~i.:J:"Jc/JJJ:11J:~~mwlfin~~• 

/JI I.:: -:l I' t ilf. al! V Q • L /J) V'l ~ ;: VI- t N !l'i ~ Mi ~ 

/JJHl'rit/JJJll~tl.. 

k T d N ( x) 
E (X) = - - --- ... (5) 

q N(xJ dx 

1'<Y.i6, C.C.1.', E(x) tl.~,ii\l!V/-1.'dHJ, ktl. 

;f-/vo/v:,<,i~<.'cl';"J, TliWHtllU{1'cl';"J, q 

W:;Jlt'/JJ\tt~li"t'cl';"J. N(xl t1.Nm;;i;-1Mi~illlt 

71ffi1'mQ, (5) ;J:/J11,,tJ/JlgJ:3i.:, V'J.iULl9 

/JJnMtN~~IMi~ill1tftm/J)~~tlfi~n~c> 

in7a>. 1::/JJt::.II), m, l:!l1.::m1J:11J:N!r!:f~~ 

~mam~ff-~~~1.::~~~~w.1.1.m2N~fli~ 

3 /JI s m , P 1f m ~ , 1.:: ~ ., -r ~' Q • ;: /JJ .1: -) t.t 

~~~W-t1.m1P~ffl~1/JIG~A~nm2N'l'l 

~-31.::~~LJ:-)tLt~G~lt/JJ~~em~ 

17a>151/JJl.:li</JJ"t', ~~ffi/:tiElt/JJ~ll'UE'l!ll;t 

,J,;;;<t..Q, 

a-,~sm~i.::nn•~~~am~m~~i.::~L 

t::. ~ 1' <Y.i 0 , r,,J @ I.:: 8 ~' t ; !,t :i1C t (I) ffl l!l ~ ti. , 

/lll ~ ( b l I.:: m 1 J; -) I.: • ffl 2 N !l'i fli ~ 3 I.:: 8 11 G 

N~~Ml~/JJ9~tl.ffl2P~M~4t(J)mjl\1~1' 

l.U~tfolt;<i!Ulllff"t'dii"J, ffl1 N'l'lffllii21.::ili 

~ < 1.:: L, t::. lfi ? t 1:: (I) fi'.I ti. J!( < fa: ., t ~' ~ , ffl 1 

N~ffl-2t/JJ~WOOc>m1Nmfli~2i.:8nG 

N~~Ml~/JJR~tat;<~ • -tt..AJ:31.:L 

t::.C.1::1'&;,b. 

C./JJJ:-)l.::ffl2N • ffl-31.::8n6N • ~Mi~ 

/J)~•1.::m1~1.::mL~~/JJtt1.~/JJ~~eN~ 

~c.1::1.::.1:1<Jm2N'l'l~•a~1:m1§1.::mL~ 

o<1Jl::l;t~/JJ~.i«'rl!W-lfi~1:~G. Gt::.!f,-,-C, 

C/JJ~~~W!f.iElt/JJ~~~~~,tQn~i.::~< 

OJ"t', '.R~P"Jt.l:iE/t.OJ!1);~)E~~*~<'.:-o. 

ffl4~(aJ 1iC./JJJUll.::li\16fl!!©'."l<ljjf!ll"t'ooG 

I GBfQ)lllilffi~l'dii"J, fol[g[(b) liO-OiQ.: 

~:>t8ffl~l.::8~G~~~Bm~m-~1.::ffiL 

ft ~ 1' &; ,b , ju) ~ S:: ,l'J •' T , 1/t * t /JJ ffl )i ~ l;t , 

fiil ~ ( b l .:: i.f. "j J; :, I.:: , ffl 2 N !ti ffl l4'i 3 I.:: '3 l:t -b 

Hl#Jll:I 64-82563 ( 4) 

il'! 2 [g[ (a) l:tCQ)JelJ!l.::«\7.,il!!/JJ'.'J:'.l!l!&lll'il5{> 

I GBT/JJllliilil~"t'~PJ, fp)~(b) 1.ts-s•i.:: 

fil-,tam~1.::n~7.,,i;~~smem~P"l1.::ff-G 

~ ~ 1' iii, Q , Jill l:l!I .: iB •' t , l:f JI( c /JJ 19 )il t.;l. ,.t , 

fol ~ ( b) .:: ff- "j J; ? I.:: , !:ff 1 N 'l'l !ti ~ 2 I.:: 8 l:t 7.> 

NM~~~Q)S~lfim2N~M~31::/JJmWiiii1.' 

m2N • M~31.::8~GN • ~~~/JJ~lffl::lolt; 

< 1ft II It -r il>l "J , lff 1 P 11! fli. '4'l 1 .:: ,a 1J' < I.:: L t~ 

lfi -, -C -t (J) ii Ii jg < t.l: -, 1" ~' ~ • lll' 1 P M fli lli 1 

c/JJmWili1:i.tlktlolt;<~DJJ1:l::t.J:-oJ;:ii.:v 

t-:c.t-rifii6, 

C<T)J;51.::m1NM~~21.::~HQNM~~a 

/JJD • 1.::n0-cm1~1.::i.f.Gt.:.t:,©1::1.1. • /JJ~• 

~!l!l:tt-:i:tl.::J;"J, 111 N!IB'i~2~c',i,113J 

1.::iRLt::.t:,0).!::11~/JJ~iUfiNtJin1:et7.i. Lt;: 

tfi:,T, C/JJ~:ilcl!iWffiiE:l!./JJltitI~/Jlli.f,t91:, 

~1.::ll<(l)"l', ~!dlll'<Jt.l:iE1t/JJlJl;l'lijg~li*e'< 

t.l: Q. 

ll3ftiala) tl.C(J)ff19Jl.::li\19fl!!0)1:~!91-rooQ 

I GBT(l)lfliiJii~l'®IJ, ilil~(bl liC-Cf$1.:: 

N • ~~~o,a&liM1N~fi~2t©~Wiiii1' 

aJktioft;<i!Ulfl1'.l?IJ, l!l2P!l'/Mliit41.::,u 

1J' < .: L t::. If, -, T 1:: /JJ iii l;t al < t.l: ., t I' i! , ,fl 2 

r • 11'1 ~ 4 t. o, ~ rn iiii -r l:f Jk J: 1J 'b 1" 1" ~ •' s m: 
t 4 Q J: 3 1.:: L t::. ;: t -r &i 7-i • 

C/JJJ:51.::ID2NMM~31.::8n6Nm~~­

/J)a~1.::m1~1.::ff,Gt60)l::fii)t;~-~~~t 

i:l::~J:IJM2N~M~3~-rm1~.::~vtt:, 

/JJl::lliluiJiiUl!Wlfirt1:t-b, Gt::.!f,-,-c, CQ) 

~~~WlfiiElt/JJlt~~ITTrr~G15~1.::ti<OJ1', 

-~P"J4iE:l!./JJ!1);·~~~~~<Q7->, 

i;,: .1:. (fJ J: 3 i.: , m 1 N 'l'l m ~ 2 ~ Q ,, 11 m 2 N 

•M~3.::8n•~~~ff~e~ • oo.:nv-cfil 

~Qn~~~~~fl]'gJ::i1.::17-,c.1::.:~1<Jm 

1N • M~2d?6~~m2N•M~a-=~~Q~ 

i,l ~ I',. If, fl 1: L -C • C. /JJ ffi 1 N !I'! M ~ 2 ~ 6 v' ,;t 

~2N • M~3~/JJiE~(IJ~•fJ',Jt..Ka~~e~ 

11fl'!f'0C..!::!f,1'i!·9. 

mi.:, i:<1JiE1t/JJ:t•fJ',J'.l:Kill!JE~tffiil!lll'!l"7-> 

c.1::.:~"JIGBT/JJ9-:,,~7M~em<'!l"-o 
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i:tffil'96~W1,:-:J~Tm~,t6, 

C. C l' I\ - ~ ffl ti! , g v' ~ ~ t1. ll ffl 1 N ~ ~ ~ 

2 J'J J; r1 ffl 2 N 'J:i ffi ti! 3 ti) Jf. JJ If. ~ G t.. v' t i& lE 

f6.!:, iE:Jt(l)!l/;i!klEl'!liil*~<t:?d:">-J.iE 

fi ~ llll ff. ,], i:! < /;;. IJ • i! I,: iE :It (7) !JI; ~ )E !& tJ. lj\ ~ 

<t:6.!:, "\-;l.iEfi~lllltf.;1;;9<t:6. ,tt.,:t> 

15, iE:Jt(l)ll/;i!kli".l'!l~tHllf6i:cJ;:J;IJ"\-). 

iE fi lij llll '.r l,J tlll ,t 6 C l: ff. T· ~ -li , ~ '3 I.: , C ([) 

"\-J.~6~1lll~~llllf6Cc.l.:J;IJ. JGBT 

ll):9-::,;t7~flll{ft,f]l11Jf?.,i:c.tfil'96. c...c... 

l' , 'f ([) J!_j_! ill I.: -:i v' T if ~ ,t 7aJ , 

11', fJ rb Q)i/fit!il:1'06(3) it~l'\-J.it 

fiWiFalrb l'tltj},t,o.!::, 

d y 2 r b 
< [2 > 0 fi:l I., 

d r b • e rt 
••• ( 6) 

d y 2 r b 
> [2 < 0 fil L, 

d r b r e ff 
... ( 7) 

t 1..- Q • ( 6) i1:tf.~l'If7aJJif';l.:l;t. 1\-J.iEfi 

&~fit::,~, ~&O)J!UJl.:JoliT~ql.:N!r/::f 

t,li~(l)l!!l'tf:ill<f6C.!:J;:J;1Jffl1ti!l(b) l.:ff.; 

,tJ;:,t;N~::ft,li~~~tl)ftmf:~?km1N~ 

fi'ili!2tf.l!l-<;ti.6. ~1.:. mlllit:';-tvi,Ji,l!t 

~m1.:J;1Jffl1N'l'.iMli!2LJ;:ffl2N~Mli!3{f 

lla/ilif7aJ. ~01.:, itl"/1\"©=ili!ll;l!k!!'JMOS t-'7 

::,;,J,:9(l)'!J.!iI!if:Jilll,,-6Ccl.:J;IJ, l!J2 

P~flili!4. jg3N1!'!ffllil5. lHUt1!16. Jf­

t-m~7J'JJ;UI~7:9~~8{f~~L,T~li!II.: 

ff.;,t!GBTf:~~,t6C.ctf.l'96, 

itc, ffl1 N'l'!fllli!31.:ffl2f!IJ;:ff.;fJ;:,(.N 

~::f~~im(l)ft~O)~~f:~ktt7aJ~~1,:~, 

mmI~:9*V1'~~&~J;:J;IJffl1P • lfili!1 

Ll.:ffi1 N~lfili!2f:M~,t6r.lll.:, ll(!l;(l)fl!Ji9: 

J;:~LiT~qJ;:N~~t,li~ll)~~~~<LT~tl. 

I.! J; v' • 

,l:tc, ffl2N'l'.ifali!3!.:ffl3ti!l'l"ffl4li!ll.:ff.;1" 

J;:it:N~::ft,li~ll~(l)tt~ll)~~f:~ktt6~ 

€r I.: l;J: , ~ Ill I t' :;i :jc V 1> Jl, IN. & i! .:: J; IJ m 1 N 

l!'!MliR2J::.J;:!f.2N!l?fflla3f:llHZ161!;11.:, /R. 

nr,ne:i 64-82563 ( 5) 

lij /l:l r b ffi I)\ <! < t.,: ?;, IC L, tc tfi ? T ':J - ::, A 7 llcj 

r.Jltoff 1.t:W<l.l:IJ, -n, 17) .il:!fii>Xl'It6lli 

€/J;:U. "s-;l.iEfils'illll,b tf.fr.~</;;.61.:Gt: 
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JP2003218356A METHOD FOR MANUFACTURING AND DESIGNING SOI TYPE 
SEMICONDUCTOR DEVICE, AND SOI TYPE SEMICONDUCTOR DEVICE 

The EPO does not accept responsibility for the accuracy of data originating from authorities other than the 
EPO, nor does it guarantee that such data is complete, up-to-date or jitfor specific purposes. 

This wording has been generated by a machine translation service. It is not the original publication text. 

[0001] BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to an 
SOI type semiconductor device manufacturing method, design method and SOI type semiconductor device 
having an SOI semiconductor layer formed on a semiconductor substrate with a buried insulating film 
interposed. 

[0002] 2. Description of the Related Art SOI (Silicon On Insulator) structure facilitates complete isolation from 
the substrate or between elements, reducing various parasitic capacitances, and suppressing soft errors and latch­
up characteristic of CMOS transistor circuits. become. For this reason, the role that SOI isolation technology 
plays in increasing the speed, lowering the voltage, and improving the reliability of so-called SOI-type CMOS 
LSis has become increasingly important. 

[0003] On the other hand, in many CMOS LSis at present, P-type and N-type wells are formed in a 
semiconductor substrate (semiconductor bulk), N-type channel NMOS transistors are formed in the P-type well, 
and P-type wells are formed in the N-type well. This is a so-called bulk type semiconductor device in which a 
type-channel PMOS transistor is formed. 

[0004] However, when designing an SOI type semiconductor device, since it has a substrate structure different 
from that of a bulk type semiconductor device having the same function, an already designed bulk type 
semiconductor device is provided. The layout pattern cannot be applied as it is. Therefore, in many cases, it has 
been necessary to re-design the pattern for SOI type semiconductor devices. This is because the bulk 
semiconductor device requires an electrode for fixing the well potential, while the SOI type semiconductor 
device uses the SOI semiconductor layer in a floating state, fixes the potential, or fixes the semiconductor 
substrate potential. One of the main reasons was the existence of various potential fixing methods. 

[0005] The first object of the present invention is suitable, for example, when the SOI semiconductor layer is in 
a floating state and the substrate potential is fixed, and the layout pattern used in the bulk type semiconductor 
device is changed to the SOI type with a minimum change. An object of the present invention is to provide a 
design method for converting to a layout pattern of a semiconductor device and a method for manufacturing an 
SOI type semiconductor device including a step of forming a photo mask using the method. A second object of 
the present invention is to provide an SOI type semiconductor device having a structure capable of making 
substrate contact even if the layout pattern of elements and wirings used in a bulk type semiconductor device is 
applied as it is. 

[0006] According to a first aspect of the present invention, there is provided an SOI type semiconductor device 
manufacturing method for achieving the first object, wherein a buried insulating film is formed on a 
semiconductor substrate. A method for manufacturing an SOI type semiconductor device in which elements are 
integrated in an SOI semiconductor layer formed through the interposition, and corresponds to a well contact 
region of a bulk type semiconductor device in which elements are integrated in a well formed in a 
semiconductor substrate. A step of modifying the pattern of the element isolation insulating layer of the bulk 
type semiconductor device to form a photomask so that the element isolation insulating layer is also formed at 
the location, and the inside of the SOI semiconductor layer using the formed photomask Forming an element 
isolation insulating layer on the substrate, dividing the SOI semiconductor layer into a plurality of active layers 
in which elements are formed, and a portion corresponding to a well contact region of the bulk type 
semiconductor device Etching the element isolation insulating layer and the buried insulating film therebelow to 
form a substrate contact region, and utilizing a photomask for a well contact of the bulk type semiconductor 
device, the substrate in the substrate contact region Forming a contact plug. 

[0007] Preferably, the method further includes a step of forming a source I drain impurity region to be a source 
or a drain of the insulated gate transistor in the active layer, and the same impurity is implanted from the 
substrate contact region simultaneously with the formation of the source I drain impurity region. Then, impurity 
regions for substrate contact connection are formed in the semiconductor substrate. Alternatively, preferably, a 
step of forming a source I drain impurity region to be a source or drain of an insulated gate transistor in the 
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active layer, and a step of forming a voltage supply plug connected on the source I drain impurity region; A step 
of forming a voltage supply wiring layer connected on the voltage supply plug, and in the step of forming the 
substrate contact plug, the well contact and source I drain impurity regions of the bulk type semiconductor 
device are formed. A contact opening using a photomask for simultaneously forming a voltage supply contact is 
formed, and the substrate contact plug is formed simultaneously with the voltage supply plug. 

[0008] Preferably, the step of forming the element isolation insulating layer includes a step of forming a mask 
layer around a region where the element isolation insulating layer is to be formed, and an etching using the mask 
layer to form the buried insulating film on the SOI semiconductor layer. A step of forming a trench reaching, a 
step of depositing an element isolation insulating film filling the entire surface of the trench, and a step of 
partially removing the element insulating film around the trench, and forming the substrate contact region, 
Simultaneously with the step of removing the element isolation insulating film around the trench. In that case, 
the mask layer at the time of forming the trench includes a stopper film made of a material having a high etching 
selectivity with respect to the element isolation insulating film. In the step of forming the substrate contact 
region, the semiconductor surface of the active layer is formed by the stopper film. It is preferable to expose the 
surface portion of the semiconductor substrate to be contacted while protecting. Or after the said trench 
formation, you may further have the process of removing the said embedded insulating film part exposed in the 
trench by the etching using the said mask layer used for the said trench formation as it is. 

[0009] An SOI type semiconductor device design method according to a second aspect of the present invention 
is for achieving the first object, and a bulk type semiconductor device in which elements are integrated in a well 
formed in a semiconductor substrate. The method for designing an SOI type semiconductor device includes a 
step of converting a pattern for use into an SOI type semiconductor device in which elements are integrated in 
an SOI semiconductor layer formed on a substrate with a buried insulating film interposed therebetween. When 
the bulk type semiconductor device has a well contact, the well contact pattern is used as it is as a substrate 
contact pattern reaching the semiconductor substrate of the SOI type semiconductor device in the conversion 
step. 

[0010] Preferably, in the conversion step, the pattern of the element isolation insulating layer of the bulk type 
semiconductor device is partially modified so that the well contact region becomes the element isolation 
insulating layer, and the element isolation isolation of the SOI type semiconductor device is performed. 
Generating a pattern of layers. In that case, more preferably, the pattern for the bulk type semiconductor device 
is a pattern for partially removing the element isolation insulator deposited so as to be embedded in the trench 
when the element isolation insulating layer is formed by etching around the trench. And the conversion step 
adds a pattern of openings to the pattern for removing the element isolation insulator around the trench of the 
bulk semiconductor device so that the well contact region is also etched. And a step of generating a pattern for 
forming an impurity region for connecting a substrate contact of the SOI type semiconductor device on the 
semiconductor substrate. 

[0011] In such an SOI type semiconductor device design method, a layout pattern for a bulk type semiconductor 
device can be easily converted into a layout pattern for an SOI type semiconductor device with only a slight 
modification of the pattern of the element isolation insulating layer. . If there is no step of removing the element 
isolation insulating film around the trench, a layout pattern dedicated to the substrate contact is required 
separately from this. 

[0012] In addition, in the manufacturing method of the SOI type semiconductor device described above, it is 
necessary to correct the photomask in one step ( element isolation step), and if necessary, a new photomask is 
added in one step (substrate contact region forming step). Is required. Thus, the change from the well contact to 
the substrate contact is very easy. 

[0013] An SOI type semiconductor device according to a third aspect of the present invention is for achieving 
the second object described above, and an element is formed on an SOI semiconductor layer formed on a 
semiconductor substrate with a buried insulating film interposed therebetween. An SOI type semiconductor 
device in which a chip integrated with a semiconductor chip is fixed on a die pad of a lead frame in a state 
where the semiconductor substrate is electrically connected to the die pad, and an element formed in the SOI 
semiconductor layer and its wiring have the same function. By forming the pattern for the bulk type 
semiconductor device having the island-shaped SOI semiconductor layer portion surrounded by the element 
isolation insulating layer at a location corresponding to the well contact region of the bulk type semiconductor 
device. Then, the island-shaped SOI semiconductor layer portion is connected to a wiring for supplying a 
ground potential or a power supply voltage to the element, so that the wiring, bonding pad, It is electrically 
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connected to the die pad via the Ya. 

[0014] In this SOI type semiconductor device, the layout pattern at the time of forming the elements and wirings 
is the same as that of the bulk type semiconductor device. Therefore, in the bulk type, an isolated SOI 
semiconductor layer portion is necessarily formed at a position corresponding to the well contact region. 
However, this part is not used for the substrate contact. The substrate contact is achieved by electrically 
connecting the semiconductor substrate to a wiring for supplying a ground potential or a power supply voltage 
to the transistor via a bonding pad, a wire, and a die pad of a lead frame. 

[0015] DESCRIPTION OF THE PREFERRED EMBODIMENTS [First Embodiment] A first embodiment of 
the present invention will be described below with reference to the drawings, taking as an example a CMOS 
logic LSI having an SOI type substrate separation structure. FIG. 1 and FIG. 2 are an inverter and a NAND gate 
showing examples of gate circuits in a CMOS logic LSI. In each figure, (A) shows each gate circuit symbol, and 
(B) is a pattern plan view of each gate circuit in this embodiment adopting an SOI type substrate separation 
structure. 

[0016] The pattern of the inverter 1 shown in FIG. 1B includes a region (PMOS region) 2 where a P-type MOS 
transistor and a region (NMOS region) 3 where an N-type MOS transistor is formed. It is divided roughly into. 
An N-type active layer 21 made of a semiconductor doped with an N-type impurity is formed in the PMOS 
region 2, and a P-type active layer 31 made of a semiconductor doped with a P-type impurity is formed in the 
NMOS region 3. Has been. The periphery of these active layers 21 and 31 is surrounded by the element isolation 
insulating layer 4 to achieve isolation between elements. 

[0017] A gate electrode 5 to which an input signal of the inverter is applied is overlaid on these active layers 21 
and 31. The gate electrode 5 is made of doped polycrystalline silicon to which an impurity is added, for 
example, and impurities of different conductivity types are arranged as necessary. In general, in order to make 
each MOS transistor a buried channel type and to be strong against a fine shape effect such as a short channel 
effect, a P-type impurity is present in the gate electrode portion on the PMOS side, and an N-type impurity is 
present in the gate electrode portion on the NMOS side. Is added. P-type impurities are implanted into the 
surface of the N-type active layer 21 using the gate electrode 5 as a mask, thereby forming a source impurity 
region S2 and a drain impurity region D2. Similarly, N-type impurities are implanted into the surface of the P­
type active layer 31 using the gate electrode 5 as a mask, thereby forming a source impurity region S3 and a 
drain impurity region D3. A gate contact GC that constitutes an input terminal of the inverter is provided at the 
center of the gate electrode 5. 

[0018] The source impurity region S2 of the PMOS transistor is electrically connected to the supply line (VDD 
line) 6 of the power supply voltage V dd made of the upper metal layer via the source contact SCp on the PMOS 
transistor. The drain impurity region D2 of the PMOS transistor is electrically connected to the drain impurity 
region D3 of the NMOS transistor via the drain contact DCp, the internal connection line 7 made of an upper 
metal layer, and the drain contact DCn. Further, the source impurity region S3 of the NMOS transistor is 
connected to a power supply voltage GND supply line (GND line) 8 made of an upper metal layer through a 
source contact SCn thereon. 

[0019] In the pattern of the NAND gate 10 according to this embodiment shown in FIG. 2B, two PMOS 
transistors are arranged in parallel in the N-type active layer 21. The source impurity regions S2a and S2b of the 
two PMOS transistors are electrically connected to the upper VDD line 6 via source contacts SCa and SCb, 
respectively. The common drain-in impurity region D2 between the two PMOS transistors is electrically 
connected to the output line 9 made of the upper metal layer via the drain contact DCp. 

[0020] On the other hand, two NMOS transistors are arranged in parallel in the P-type active layer 31. The two 
NMOS transistors are electrically connected in series, and are inserted between the output line 9 and the GND 
line. That is, the drain impurity region D3 of one NMOS transistor is connected to the output line 9 via the drain 
contact DCn, and the source impurity region S3 of the other NMOS transistor is connected to the GND line 8 
via the source contact SCn. Since the common source / drain region SD between the two NMOS transistors is 
not connected to the other, it is in a floating state when both transistors are off. 

[0021] The gate electrode 4a to which the first input signal is applied from the gate contact GCa is disposed on 
the left side of the figure, and the gate electrode 4b to which the second input signal is applied from the gate 
contact GCb is disposed on the left side of the figure. The gate electrode intersects the N-type active layer 21 
and the P-type active layer 31. 
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[0022] The gate circuit configured in this way has an SOI type configuration. FIG. 3 shows a cross-sectional 
structure of an inverter as a representative. This figure is a schematic cross-sectional view along the line BB in 
FIG. In this embodiment, a buried insulating film 11 made of silicon dioxide or the like is formed on a 
semiconductor substrate 10 made of an N-type silicon wafer or the like, and a silicon layer (hereinafter referred 
to as an SOI semiconductor layer) having an SOI type substrate isolation structure formed thereon. The N-type 
active layer 21, the P-type active layer 31, and the element isolation insulating layer 4 described above are 
formed in 12. Further, source impurity regions S2 and S3 (and drain impurity regions D2 and D3) are formed on 
the surface portion in the N-type active layer 21. 

[0023] An interlayer insulating film 13 made of, for example, silicon dioxide is deposited on the entire surface 
of the SOI semiconductor layer 12. Plugs made of metal, doped polycrystalline silicon, or the like are embedded 
in the interlayer insulating film 13, thereby forming the source contacts Sep and sen. The source contact Sep is 
connected to the source impurity region S2 on the PMOS side, and the source contact sen is connected to the 
source impurity region S3 on the NMOS side. On the interlayer insulating film 13, the vee line 6 connected to 
the source contact Sep and the GND line 8 connected to the source contact sen are formed. These wirings 6 
and 8 are made of a metal layer such as aluminum. 

[0024] By the way, in an SOI type semiconductor device, there may be a case where a substrate contact for 
fixing a semiconductor substrate in potential with a constant voltage is required. An SOI-type MOS transistor 
may be used when an SOI semiconductor layer is used with a potential fixed, or may be used while a potential is 
floating. If the thickness of the so-called SOI semiconductor layer is reduced to about 50 nm, the SOI 
semiconductor layer is completely depleted in the thickness direction during operation, resulting in a fully 
depleted device. In this case, in order to suppress fluctuations in threshold value, substrate bias and It is often 
performed to fix the semiconductor substrate in potential with the same idea. Even when the SOI semiconductor 
layer is relatively thick and partially depleted, it is possible to fix the potential of the SOI semiconductor layer 
only in a circuit portion critical to threshold fluctuations and use the other SOI semiconductor layers in a 
floating state. Many. This is because the number of contacts to the SOI semiconductor layer is reduced as much 
as possible to suppress an increase in area. Even in this case, a substrate bias is often applied with the intention 
of suppressing threshold fluctuation as much as possible or reducing leakage at the interface between the SOI 
semiconductor layer and the buried insulating film. 

[0025] This embodiment corresponds to the case where the substrate bias is applied without fixing the potential 
of the SOI semiconductor layer, and the ground potential VGND is applied to the semiconductor substrate 10. 
Therefore, it is necessary to short-circuit the semiconductor substrate 10 with the GND line 8. Specifically, as 
shown in FIG. 3, the element isolation insulating layer 4 and a portion of the buried insulating film 11 
therebelow are opened, and the upper GND is placed in the interlayer insulating film 13 buried therein. A 
substrate contact vse made of a plug reaching the line 8 is formed. An N-type contact impurity region 14 
having a higher concentration than the substrate bulk is formed on the surface portion in the semiconductor 
substrate 10 provided with the substrate contact vse. The reason why the element isolation insulating layer 4 
and a part of the buried insulating film 11 therebelow are opened is to form the contact impurity region 14. This 
formation is desirably performed simultaneously with the source impurity region S3 (and the drain impurity 
region D3) of the NMOS transistor. In this sense, the semiconductor substrate 10 of this embodiment is an N 
type. 

[0026] When this part is seen in the plan view of FIG. 1 (A), at the branch branch point extending from the 
backbone of the GND line 8 arranged in the lateral direction so as to be shared with the adjacent gate circuit (not 
shown) to the NMOS side. A substrate contact vse is provided, and a large contact impurity region 14 is 
formed around the substrate contact vse. 

[0027] On the other hand, also in the VDD line 6, a contact VDe is formed at a branch branch point extending 
from the trunk to the PMOS side. However, as shown in FIG. 3, the contact VDe is connected via a contact 
impurity region 16 to an active layer 15 surrounded by the element isolation insulating layer 4 and in a potential 
floating state. These contact VDe, active layer 15 and contact impurity region 16 are unnecessary in terms of 
circuit function, and are inevitably formed by sharing a pattern with the bulk type semiconductor device of the 
comparative example, as will be described later. It is a part that ends up. 

[0028] In the case where it is desired to shift the circuit configuration and the threshold as a whole, the substrate 
bias can be performed by applying the power supply voltage V dd. In that case, the pattern is changed so that the 
element isolation insulating layer 4 is formed also in this portion so that the contact VDe reaches the 

4 Intel Ex. 1002 
Page 142 



semiconductor substrate 10. The contact impurity region 16 is preferably formed simultaneously with the P-type 
impurity region (source impurity region S2 and drain impurity region D2) of the PMOS transistor. 

[0029] Next, a comparative example of a bulk structure inverter will be described in comparison with such an 
SOI structure inverter. 

[0030] FIG. lC is a pattern plan view of a bulk type inverter in which the same function is formed in a 
semiconductor bulk or well as a comparative example. FIG. 4 is a schematic sectional view taken along the line 
CC of FIG. The plane pattern of the bulk type inverter 100 is almost the same as the plane pattern of the SOI 
type inverter described above. A slightly different point is that an active layer (well) is exposed at a position 
where the SOI type substrate contact VSC is provided, and a well contact impurity region 101 is formed on the 
surface portion thereof. In the illustrated example, the pattern of the well contact impurity region 101 is the 
same as the pattern of the substrate contact VSC in the SOI type. The other patterns are the same as those of the 
bulk type, and unless otherwise specified, in FIG. lC, the same reference numerals as those in FIG. 

[0031] In the cross section of FIG. 4, the substrate structure is different from the SOI type. An N-type well 103 
serving as an active layer of a PMOS transistor and a P-type well 104 serving as an active layer of an NMOS 
transistor are formed on a semiconductor substrate 102 made of a silicon wafer of any conductivity type. The 
surface portions in and around the wells are separated by the element isolation insulating layer 4. 

[0032] Source impurity regions S2, S3 (and drain impurity regions D2, D3) are formed in the same pattern as 
the SOI type on the surface portion in the N-type well 103 and the surface portion in the P-well 104. A well 
contact portion is provided in each of the N well 103 and the P well 104 in a state separated from the impurity 
regions of these transistors by the element isolation insulating layer 4. The well contact portion of the N well 
103 is an N-type contact impurity region 16 provided on the inner surface of the well, and a plug connecting the 
upper surface of the contact impurity region 16 and the upper VDD line 6. It consists of a well contact NWC. 
The N well contact NWC corresponds to the SOI type contact VDC, and is embedded in the interlayer insulating 
film 13. 

[0033] Similarly, the well contact portion of the P well 4 is a plug provided on the inner surface of the well for 
connecting the higher concentration N-type contact impurity region 101, the upper surface of the contact 
impurity region 101, and the upper GND line 8. And a P-well contact NWC. The P well contact PWC is 
provided in place of the SOI type substrate contact VSC, and is buried in the interlayer insulating film 13. 

[0034] Other configurations, that is, the gate electrode 4, the gate contact GC, the source contacts SCp and SCn, 
the drain contacts DCp and DCn, the interlayer insulating film 13, the VDD line 6 and the GND line 8 are made 
of the same pattern and material as the SOI type described above .. 

[0035] Such a difference in pattern and structure is the same in the N AND gate circuit. The description is 
abbreviate I omitted with the same code I symbol. 

[0036] When a new SOI type semiconductor device having the same function is newly designed using the 
existing pattern and layout data of the bulk type semiconductor device having such a configuration, a part of the 
pattern of the element isolation insulating film 4 is first modified. Specifically, in the case of the illustrated 
inverter, for example, the opening of the pattern of the element isolation insulating film 4 is eliminated for the P­
well contact on the NMOS side. 

[0037] In addition, a pattern for partially opening the element isolation insulating layer 4 and the buried 
insulating film 11 thereunder is required for the substrate contact. As will be described later, if a process for 
selectively etching the insulating film deposited on the entire surface when the element isolation insulating layer 
4 is formed on the active layer is necessary, the pattern at the time of the selective etching is changed. It can be 
dealt with by correcting. In that case, no photomask is added. On the other hand, when such a selective etching 
process is not originally performed, a new photomask is added for the substrate contact. 

[0038] In this way, conversion from bulk type to SOI type can be performed by performing pattern correction 
twice or by adding one pattern layer for making a new additional photo mask. In addition, these pattern 
corrections and creation of new patterns are simple and simple by adding at least one simple rectangular pattern. 
Therefore, there is an advantage that the cost associated with the change of the substrate separation structure can 
be suppressed as much as possible. In addition, since there is no change in the effective element pattern, it is 
possible to easily estimate the effect of improving characteristics due to the change from the bulk type to the 
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SOI type. This is because there is no change in the element characteristic parameter depending on the planar 
pattern shape, and the improvement of the characteristic due to the change of the substrate separation structure is 
reflected in the electric characteristic of the element as it is. 

[0039] Finally, an embodiment of the method for manufacturing the SOI type semiconductor device will be 
described by taking an inverter as an example. 5 to 11 are cross-sectional views in the middle of manufacturing 
this inverter. First, a substrate having an SOI type substrate separation structure (SOI substrate) is formed by a 
known method. For example, in the method of laminating the substrates, a buried insulating film 11 is formed 
on the surface of a first silicon wafer (substrate to be polished) to be the SOI semiconductor layer 12, and 
further, for example, polycrystalline silicon or the like is formed on the surface as necessary. An adhesive layer 
is formed, and the surface of the adhesive layer is polished and planarized. The substrate to be polished is 
bonded to the second silicon wafer (support substrate) 10 from the flattened surface and annealed to improve the 
adhesive strength. When the surface of the substrate to be polished is ground and thinned to a certain extent, it is 
thinned to a predetermined thickness, for example, about 100 nm by chemical mechanical polishing (CMP). 
Thereby, the SOI semiconductor layer 12 is formed. A stopper 17 made of a material having a high etching 
selectivity with respect to the element isolation insulating material is formed on the surface of the SOI 
semiconductor layer 12. As the film material of the stopper, when the element isolation insulating material is 
silicon dioxide, for example, silicon nitride can be selected. FIG. 5 is a cross-sectional view after the stopper is 
formed. Note that the SOI substrate may be formed by a so-called SIMOX method. 

[0040] A resist pattern is formed on the stopper film 17 using a photomask of an element isolation pattern whose 
design has been partially changed, and the stopper 17 and the SOI semiconductor layer 12 therebelow are etched 
by RIE or the like using this as a mask. As a result, as shown in FIG. 6, the SOI semiconductor layer 12 is 
divided by the trench, and an active layer having a predetermined pattern is formed. 

[0041] As shown in FIG. 7, a film 4a of element isolation insulating material is deposited so as to cover the 
active layer and completely fill the trench. 

[0042] Next, the insulating film 4a is polished and flattened. Before that, a resist Rl having a pattern opening 
above each active layer is formed on the insulating film 4a as shown in FIG. The resist Rl is partially opened at 
portions other than the active layer in order to form a substrate contact region. The photomask used for the 
pattern formation of the resist R 1 is prepared in advance using pattern data obtained by partially correcting an 
existing bulk type pattern. Etching is performed using the resist Rl as a mask to pattern the insulating film 4a. In 
the etching at this time, the surface of the active layer is protected by the presence of the stopper 17. This 
etching is performed until the buried insulating film portion under the substrate contact region is further etched 
and the semiconductor substrate 10 is exposed. 

[0043] After removing the resist Rl, the surface of the insulating film 4a is planarized by CMP or the like. If the 
stopper 17 is formed of a material having high hardness, the surface of the active layer is protected by the 
stopper 17 even in this CMP, and the end point of the CMP can be easily detected. As a result, the insulating 
film 4a is separated at a necessary portion, and as a result, the element isolation insulating layer 4 is formed. 

[0044] The stopper 17 is removed by chemical treatment. Before or after removing the stopper, N-type impurity 
ions and P-type impurity ions are divided into the active layer to form the N-type active layers 21 and 15 on the 
PMOS side, and the P-type active layer 31 is formed on the NMOS side. To do. Further, if necessary, the 
threshold value is adjusted by introducing a P-type or N-type impurity into the surface of the active layer. 
Thereafter, a gate insulating film (not shown) made of silicon dioxide or the like and a polycrystalline silicon 
film are sequentially formed and patterned to form the gate electrode 5. Since the polycrystalline silicon film at 
this time has not yet been doped with impurities, its conductivity is low. Further, since the gate oxide film is 
formed by thermally oxidizing the surface of the active layer, it is hardly formed between the gate electrode 5 on 
the element isolation insulating layer 4 as shown in FIG. 

[0045] As shown in FIG. 11, resist R2 opening in the NMOS formation region 3 is formed, and using this as a 
mask, low concentration ion implantation for LDD or ions for Extentio S / D having a higher concentration than 
LDD in order to reduce parasitic resistance. Implantation is performed, and N-type impurities are introduced 
into the exposed surface portion of the active layer. Thereby, pocket ion implantation is performed as necessary. 
In this ion implantation, for example, the total dose is 1 x 10 14 / cm 2, the energy is 1 ke V, and phosphorus 
ions P or BF 2 ions are implanted at an implantation angle of 15 °. Further, ion implantation is performed by 
dividing the wafer into eight directions from eight directions. Although not particularly illustrated, a 10 nm 
TEOS film, a silicon nitride film, etc. are CVD-etched and etched back to form sidewall spacers. Using this 
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sidewall spacer as a mask, an N-type impurity (for example, arsenic As) is ion-implanted at a relatively high 
dose of about 3 x 10 15 / cm 2. As a result, the source impurity region S3 (and the drain impurity region D3) is 
formed on the surface portion in the P-type active layer 31, and at the same time, the substrate contact impurity 
region 14 is formed in the opening of the semiconductor substrate 10. Further, this NMOS gate electrode portion 
is made N-type conductive. 

[0046] Although not particularly shown, a resist opening on the PMOS side is formed in the same manner, and 
ion implantation of P-type impurities for LDD or Extension S / D, formation of sidewall spacers, and ion 
implantation for S / D are performed. In this S / D ion implantation, for example, boron BF2 is ion-implanted at 
a high dose of about 3 x 10 15 / cm 2. Thereby, a source impurity region S2 (and a drain impurity region D2) is 
formed on the surface portion in the N-type active layer 21. In addition, the PMOS gate electrode portion is 
made P-type conductive. 

[0047] Thereafter, an interlayer insulating film 13 is deposited on the entire surface, and this is opened, and a 
metal material such as tungsten W or doped polycrystalline silicon or the like is buried in the opening to flatten 
the surface, thereby various contacts SCn, SCp. , VSC, VDC, etc. Further, various wirings 6 and 8 made of a 
metal material or the like are formed. 

[0048] As a modification of this embodiment, the portion of the buried insulating film 11 opened in the trench 
may be removed by etching following the formation of the element isolation trench (FIG. 6). In this case, it is 
not necessary to etch the buried insulating film 11 when forming a substrate contact region (to be described 
later) (FIG. 8), so that the etching amount above the active layer can be made substantially the same, which is 
desirable. In this case, the etching stopper 17 can be omitted on condition that low damage etching is performed. 

[0049] [Second Embodiment] In this embodiment, the substrate contact is taken from the back surface of the 
chip. FIG. 12 is a view when the SOI type semiconductor chip described in the first embodiment is fixed to a 
lead frame. An SOI type semiconductor chip is fixed to a die pad of a lead frame 40 made of a metal material 
having a high conductivity via a conductive adhesive layer 41 such as an Ag paste, and the back surface of the 
semiconductor substrate 10 is connected to the lead frame 40 with a low resistance. Conducted at. A lead frame 
40 and a bonding pad 43 formed on the surface of the semiconductor chip and electrically connected to the GND 
line 8 are bonded by a wire 41. Such a die-bonded lead frame is accommodated in a mold resin or other 
package. At this time, the lead is pulled out of the package, but the lead to which the ground potential VGND is 
applied is usually a part of the illustrated lead frame 40 having a die pad, so that the ground potential VGND is 
the lead frame 40, the wire 41, and the bonding. It is supplied to the element through the pad 43, the GND line 
8, the source contact SCn, and the like. At the same time, the ground potential VGND is supplied to the 
semiconductor substrate 10 via the lead frame 40 and the conductive adhesive layer 41. 

[0050] In the above embodiment, the substrate contact inside the chip is unnecessary, and as shown in the 
figure, the contact VCS is connected only to the active layer surrounded by the element isolation insulating layer 
4 and reaches the semiconductor substrate 10. Absent. Therefore, in the manufacture of such a chip, there is no 
need to change the pattern, and there is an advantage that the photomask used for the bulk type manufacturing 
can be used as it is. 

[0051] The manufacturing method and desigu method of an SOI type semiconductor device according to the 
present invention are used in a bulk type semiconductor device when the SOI semiconductor layer is floating 
and the substrate potential is fixed. It is possible to easily manufacture the SOI type semiconductor device by 
converting the layout pattern to the layout pattern of the SOI type semiconductor device with a minimum change 
and forming a photomask with the converted pattern. According to the SOI semiconductor device of the present 
invention, it is possible to make substrate contact by directly applying the element and wiring layout pattern 
used in the bulk type semiconductor device. 
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RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT 

TECHNICAL FIELD 

Embodiments of the present inventiomrelate to design of sub-micron metal oxide semiconductors. More 

particularly, embodiments of the present invention provide retrograde channel doping to improve the short channel 

5 effect. 

BACKGROUND ART 

Figure 1 shows a memory cell 10 as has been well known in the conventional art. Regions 14 are 

the drain and/or source regions for memory cell 10. They may be used as source and/or drain interchangeably. 

Control gate 16 is used to control the operation of memory cell 10. A channel region 17 is f~rmed between 

10 source/drain regions 14. Feature size 18 is the nominal size of the smallest feature that can be created by a 

particular semiconductor process. In memory cells of this type, the gate 16 width and channel 17 length 

typically correspond approximately to feature size 18. Memory cell 10 may also have a source/drain extension 

11 structure. Source/drain extension 11 is a shallow diffusion that connects the channel 17 with the deeper 

source/drain 14, typically intended to prevent degradation of drive current. 

15 Memory cell 10 may be one of two general types of non-volatile memory, a "floating gate" cell or a 

nitride read only memory (NROM) cell. In a floating gate cell, layer 12B of the gate stack is typically 

conductive polysilicon. Layers 12A and 12C are insulating materials which isolate or "float" gate layer 12B, 

which is usually referred to as a floating gate. Floating gate 12B is the storage element of memory cell 10. 

Silicon nitride based flash memory has many advantages as compared to its floating gate and tunneling 

20 oxide based counterparts. Silicon-Oxide-Nitride-Oxide-Silicon (SONOS) is potentially very dense in terms of 

number of cells per unit area that can be used and it requires fewer process steps as compared to floating gate 

memory. Moreover, it can be easily integrated with standard SRAM process technology. A further advantage of 

using SONOS devices is their suitability for applications requiring large temperat~e variations and radiation 

hardening. The SONOS stack is a gate dielectric stack and consists of a single layer of polysilicon, a triple stack 

25 ONO (Oxide-Nitride-Oxide) gate dielectric layer and a MOS channel 17. The ONO structure may consist of a 

tunnel oxide 12A, a nitride memory storage layer 12B and a blocking oxide layer 12C. 

Memory device manufacturei:s are continually challenged to provide ever greater amounts of memory at 

ever lower costs. Recently, Advanced Micro Devices, Incorporated of California has introduced MIRROR BIT 

™ nitride-based flash ROM that stores multiple bits per memory cell IO physically separated in nitride layer 12B. 

30 Such storage of multiple bits per cell increases the storage density of the memory device, thereby reducing the 

cost per bit of storage. 

Another primary approach employed to achieve lower memory costs is the industry-wide on-going 

reduction in semiconductor feature size. By making features, such as signal lines and transistors smaller, more 

memory devices may be placed in a given die area, resulting in lower production costs. 

35 However, as feature size decreases to, for example, about 0.3 microns and smaller, the channel length 

also decreases. As channel length grows shorter, threshold voltage begins to decrease and leakage current 

increases. These effects are commonly referred to in the semiconductor arts as the "short channel effect." An 

increase in leakage current is particularly onerous in flash memory devices as flash has found wide acceptance in 

very low power applications, for example mobile phones, due to the ability of flash to retain information without 

40 applied power. Increases in leakage current may have a significant deleterious effect on total power consumption 
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of the flash device and the product using the flash device. Consequently, much research and development effort 

has gone into mitigating the short channel effect. 

Prior art approaches to improve leakage current and reduce the short channel effect include, for example, 

"halo" doping and retrograde wells. Halo doping 20 creates a steep dopant profile at the edges of the source/drain 

5 regions, as shown in Figure 1. A conventional retrograde well has a non-uniform doping concentration that 

increases, for example, linearly with depth 22 in the channel region 17. The doping of a conventional retrograde 

well generally follows a continuous, monotonically increasing profile with no abrupt changes. Conventional 

retrograde wells are typically created by using a slow diffusing dopant species such as arsenic or antimony for 

PMOS devices and indium for NMOS devices. Both halo doping and retrograde well profiles serve to inhibit the 

1 0 flow of charge carriers, raising the threshold voltage and reducing leakage current for the device. 

However, both halo doping and conventional retrograde wells, alone and in combination, are found to be 

lacking. Such prior art approaches simply do not reduce leakage current to commercially acceptable levels for 

flash memory at modern process feature sizes, for example, 0.17 microns and smaller. 

Semiconductor processing equipment is extremely expensive. Fundamental semiconductor processing 

15 steps, e.g., doping, typically require long periods of development and extensive qualification testing. Any solution 

to the short channel effect should be compatible with existing semiconductor processes and equipment without the 

need for revamping well established tools and techniques. 

Thus a need exists to prevent short channel effects in memory cells. A further need exists for preventing 

short channel effects in a manner that is compatible and complimentary with conventional approaches to minimize 

20 short channel effects. A still further need exists for the above mentioned needs to be achieved with existing 

semiconductor processes and equipment without revamping well established tools and techniques. 

DISCLOSURE OF THE INVENTION 

Embodiments of the present invention provide a means to prevent short channel effects in memory cells. 

Further embodiments of the present invention prevent short channel effects in a manner that is compatible and 

25 complimentary with existing approaches to minimize short channel effects. Still further embodiments of the 

present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes 

and equipment without revamping well established tools and techniques. 

A memory semiconductor cell comprises a gate region, a source region and a drain region. A channel 

region is formed between the source region and the drain region. The channel region comprises a first channel 

30 portion with a first concentration of doping material, the first channel portion disposed adjacent to an edge of the 

channel region closest to and substantially parallel to the gate region. The channel region further comprises a 

second channel portion with a second concentration of doping material, the second portion disposed substantially 

parallel to the first channel portion and a third channel portion, disposed between the first channel portion and the 

second channel portion, with a third concentration of doping material. The third concentration is lower than the 

35 first concentration and lower than the second concentration. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a memory cell as has been well known in the conventional art. 

Figure 2 illustrates a memory cell with a retrograde channel, according to an embodiment of the present 

invention. 

Figure 3 illustrates an exemplary profile of doping concentration in a channel region versus channel 

depth, according to an embodiment of the present invention. 

2 
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Figures 4A, 4B and 4C illustrate a charge carrier flow through a channel region of a memory cell, 

according to an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the following detailed description of the present invention, retrograde channel doping to improve short 

5 channel effect, numerous specific details are set forth in order to provide a thorough understanding of the present 

invention. However, it will be recognized by one skilled in the art that the present invention may be practiced 

without these specific details or with equivalents thereof. In other instances, well-known methods, procedures, 

components, and circuits have not been described in detail so as not to unnecessarily obscure aspects of the 

present invention. 

10 RETROGRADE CHANNEL DOPING TO IMPROVE SHORT CHANNEL EFFECT 

Embodiments of the present invention are described in the context of design and operation of flash 

memory devices. However, it is appreciated that embodiments of the present invention may be utilized in other 

areas of electronic design and operation. 

Figure 2 illustrates a memory cell 30 with a novel retrograde channel, according to an embodiment of the 

15 present invention. The channel region comprises three portions, 31, 32 and 33. Channel portion 33 is closest to 

gate 16 and substantially parallel to the long axis of gate 16. Channel portion 32 is substantially parallel to 

channel portion 33 and at a greater depth into the substrate material than channel portion 32. Channel portion 31 

is substantially parallel to channel portion 32 and at a still greater depth into the substrate material. Channel 

portion 32 is disposed between channel portions 31 and 33. It is appreciated that memory cell 30 is shown with 

20 source/drain extensions 11 and halo implant regions 20. Embodiments of the present invention are well suited to 

memory cells with or without these features. If one or both were absent, channel portions 31, 32 and 33 would 

extend horizontally to the halo implant or the source drain extension or the source/drain. 

By well known semiconductor processing techniques, for example implantation and diffusion, channel 

portion 33 may be constructed and given a particular concentration of doping material. Likewise, channel portion 

25 31 may be constructed and given a particular concentration of doping material. In general, no specific operations 

are performed to construct channel portion 32, rather channel portion 32 is a result of constructing portions 31 and 

33 with no overlap. The bottom of channel portion 31 may be, for example, 0.1 µm from the top edge of the 

substrate. 

According to an embodiment of the present invention, the doping concentration in both channel portion 

30 31 and channel portion 33 is higher than the doping concentration of channel portion 32. Graph 40 of Figure 3 

illustrates an exemplary profile 41 of doping concentration in a channel region versus channel depth. Channel 

portion 33 may have a doping concentration as depicted by profile 41 in region 33A. Channel portion 32 may 

have a doping concentration as depicted by profile 41 in region 32A. Channel portion 31 may have a doping 

concentration as depicted by profile 41 in region 31A. 

35 

40 

It is to be appreciated that, in contrast to conventional retrograde wells, the doping profile of this novel 

well is neither monotonic nor necessarily continuous, according to an embodiment of the present invention. There 

may be relatively abrupt (as allowed by semiconductor physics) changes in doping profile at the boundaries 

between channel portions, for example between channel portions 31 and 32, and between channel portions 32 and 

33. 

In channel portions 31 and 33 charge carrier migration is hindered due to the to relatively high 

concentration of doping material(s). Consequently, the effective channel region is reduced to approximately 

3 
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channel portion 32. For example, channel portion 32 may form a "tunnel'' (not to be confused with quantum 

effect tunneling) between channel portions 31 and 33. As a beneficial result of the reduced effective channel, 

threshold voltage is increased and leakage current is decreased, reducing or eliminating the short channel effect. 
) 

It is to be appreciated that the depths, thickness and doping concentrations of the respective channel portions will 

5 vary according to a wide range of variables including, for example, source/drain thickness, channel length, 

operating voltage, doping materials and whether the device operates as a P channel or an N channel. 

Channel portion 31 may be initially formed by using a slow diffusing dopant species, for example, 

arsenic or antimony for PMOS devices. Such a diffusion process may enable high concentrations of doping 

material to reach the channel depths required. Channel portion 33 may be formed by using faster diffusing 

10 dopants, e.g., boron. A shorter diffusion may produce a high concentration of doping material at relatively 

shallow depths in the channel region. 

Figures 4A, 4B and 4C further illustrate a charge carrier flow through a channel region of memory cell 

30, according to an embodiment of the present invention. In Figure 4A, charge carriers, for example, electrons 

403 attempt to flow from source/drain region 401 to source/drain region 402. Electrons are impeded from flowing 

15 into channel portion 33 due to a high concentration of doping material. Likewise, electrons 405 are impeded from 

flowing into channel portion 31 due to a high concentration of doping material. In contrast, electrons 404 are able 

to overcome a relatively small energy barrier and flow into channel portion 32. 

As shown in Figure 4B, electrons 403, otherwise disposed to travel horizontally (as depicted) into 

channel region 33, must change direction to travel around the "corner" of channel region 33 in order to enter 

20 channel region 32, wherein electrons are more able to flow. Such changes of direction require energy, resulting in 

a higher energy budget for electrons traversing a complex path, in contrast to electrons which may be able to 

travel in substantially a straight line. In addition, because region 401 is fully populated with charge carriers, e.g., 

electrons 404 and 405, additional energy is required to overcome the electrostatic repulsion of like charges in 

order to move the charge carriers closer together. As a beneficial result of the increased path length, the indirect 

25 nature of the path, as well as electrostatic repulsion, electrons 403 require more energy to travel from region 401 

to 402 and consequently have a beneficially higher threshold voltage for embodiments of the present invention 

when compared to the prior art. 

In a similar manner, electrons 405 must change direction and overcome electrostatic repulsion- in order to 

travel into channel portion 32 from their original positions adjacent to channel portion 31. Consequently, 

30 electrons 405 have a higher threshold voltage than would otherwise be required. 

Electrons 404, while disposed adjacent to channel portion 32, are also beneficially affected by 

embodiments of the present invention. Although electrons 404 are not obviously redirected to avoid channel 

portions of higher doping concentration, electrons 404 are affected by the localized increased concentration of 

charge carriers resulting in electrostatic forces acting upon electrons 404 in a similar manner to the electrostatic 

35 forces acting upon electrons 403 and 405. 

Figure 4C shows a cumulative effect of the present retrograde channel on charge carrier flow, according 

to an embodiment of the present invention. Electrons in region 401 are inhibited from flowing in channel portions 

33 and 31, favoring channel portion 32. However, due to the physically constrictive nature of channel portion 32 

combined with electrostatic forces acting upon the like charge carriers, the electrons tend to "bunch up" at the 

40 interface between region 401 and channel portion 32. The net effect of "bunching up" is seen externally as a 

desirable increase in threshold voltage, and a corresponding decrease in leakage current. 

4 
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It is to be appreciated that although a PMOS device has been illustrated herein, embodiments of the 

present invention are well suited to NMOS devices as well. The choices of materials, e.g., for dopants, for use 

with NMOS devices are well understood in the semiconductor arts. 

This novel design and method to implement this design reduce and/or eliminate the short channel effect, 

5 allowing for decreased feature size and increased density of memory cells. These beneficial results allow for less 

expensive memory devices with lower power consumption, rendering a competitive advantage to the users 

practicing embodiments of the present invention. 

Embodiments of the present invention provide a means to prevent short channel effects in memory cells. 

Further embodiments of the present invention prevent short channel effects in a manner that is compatible and 

1 0 complimentary with existing approaches to minimize short channel effects. Still further embodiments of the 

present invention provide for the above mentioned solutions to be achieved with existing semiconductor processes 

and equipment without revamping well established tools and techniques. 

The preferred embodiment of the present invention retrograde channel doping to improve short channel 

effect is thus described. While the present invention has been described in particular embodiments, it should be 

15 appreciated that the present invention should not be construed as limited by such embodiments, but rather 

construed according to the below claims. 

5 
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CLAIMS 

What is claimed is: 

1. A method of manufacturing a memory semiconductor cell (30) comprising: 

forming a first channel portion (33) to produce a first concentration of doping material, said first 

channel portion (33) disposed adjacent to an edge of a channel region closest to and substantially parallel 

to a gate region (16) of said memory semiconductor cell; 

forming a second channel portion (31) to produce a second concentration of doping material, 

said second portion (31) disposed substantially parallel to said first channel portion (33); and 

forming a third channel portion (32), disposed between said first channel portion (33) and said 

second channel portion (31), comprising a third concentration of doping material, wherein said third 

concentration is lower than said first concentration and lower than said second concentration. 

2. The method as described in Claim 1 further comprising implanting a halo implant (20) disposed 

adjacent to a source region or a drain region of said memory semiconductor cell (30). 

3. The memory semiconductor cell (30) described in Claim 1 wherein a source region of said 

15 memory semiconductor cell comprises a source extension region (11). 

4. The method as described in Claim 1 further comprising forming said second channel portion 

(31) prior to the formation of said first channel portion (33). 

5. The method as described in Claim 1 wherein said memory semiconductor cell (30) is non-

volatile. 

20 6. The method as described in Claim 5 wherein said memory semiconductor cell (30) comprises a 

25 

30 

35 

40 

nitride layer as a storage element (12B). 

7. The method as described in Claim 5 wherein said memory semiconductor cell comprises a 

floating gate (12B) as a storage element. 

8. A memory semiconductor cell (30) comprising: 

a gate region (16), a source region (14) and a drain region (14); 

a channel region (17) between said source region (14) and said drain region (14); 

wherein said channel region (17) comprises: 

a first channel portion (33) comprising a first concentration of doping material, said first 

channel portion (33) disposed adjacent to an edge of said channel region (17) closest to and substantially 

parallel to said gate region (16); 

a second channel portion (31) comprising a second concentration of doping material, said 

second portion (31) disposed substantially parallel to said first channel portion (33); and 

a third channel portion (32), disposed between said first channel portion (33) and said second 

channel portion (31), comprising a third concentration of doping material, wherein said third 

concentration is lower than said first concentration and lower than said second concentration. 

9. The memory semiconductor cell described in Claim 8 wherein said channel region (17) further 

comprises a halo implant (20) disposed adjacent to said source region (14) or said drain region (14). 

10. The memory semiconductor cell described in Claim 8 wherein said source region (17) 

comprises a source extension region (11). 

6 
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I, Michael Fletcher, dedare: 

1, I am well versed in both the Japanese and English languages and have over 15 years of experience 
translating Japanese technical documents into English, 

2, The fi)llowing translation of the patent document JP0?-306752 to English is accurate and complete 
to the best of my knmvledge, 

I declare under penalty of perjury under the laws of the United States of Arnerica that the foregoing is 
true and accurate, 

Executed this 4th day of September 2019, at Parowan, UT 
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(57) ABSTRACT (Revised} 
[!ssue]Achieve increase in drive current through substrate floating, achieve reduction in Junction capacitance, 
and resolve thermal insulation and crystal defects that are shortcomings of SOI substrates. 

MEANS FOR SOLVING THE PROBLEM 

Providing of an n (p) well NWL (PML) between the p (n) type semiconductor area PA {PN) and semiconductor 
substrate 15 arranged using n (p) chancel type M!SFETQn {Qp) to electrically isolate the p (n) type 
semiconductor area PA {PN) and the semiconductor substrate 15. 
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~ 9 Qn 9 

CLAIMS 
[Claim 1] 

o ( o ( ( 8 
0 \ 0 ' · 

~-,:S/-~t,--~ 
I ,,,,/// ~'r"~' ,, ol ~ 

~ --lf~~-ITT~~ i [~~:?~' 1 n+ "b;::-·-, ... , i '{' ,. · n-f ' "' · 

~- ··- ~ lt· ... ~ \ ~··-... ~, \ \: ·: ~ 

~-' )---:-~~/;J~~L\\\·······~1 
2 \ 3h 3a PA CHn ' 3a 3b 2 \. _____ 'I" ______ ) ~--: 

lS 3 NWL 3 

15: Semiconductor substrate 

NWL: n-Wel! 
Qn: n-channel type MISFET 

PA: p type semiconductor area 

A semiconductor device manufacturing method comprising the following steps: 
{a) a step of through introduction of a first impurity onto a first condllctivity type semiconductor substrate, 
forming a second conductivity type semiconductor area with the opposite conductivity type than the first 
conductivity type, (b) a step of throllgh introduction of a second impurity onto said semiconductor substrate, 
forming a first conductivity semiconductor area formed with an impurity peak position arranged on the main 
surface of said semiconductor substrate at a position more shallow than the impurity peak position of the 
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~~r~~a prov~dt~d on a !;en·1icondurtor substratt: h~ving .a Si:cond conductivttv tvpf~ channr:·~ art:a \~1ith the oppos~te 
conduct!v~tv tvpe than the first cnnducthiity- t~lPt~_ .. ~vhf~ri!in .a Si!cond conducthfrt\,.. typ~~ sernjconductor art:a h; 

sa~d f~rst conduct~v~t\l t'•lPt~ St!rniconductor ar{!i~ on \.Vh}ch th{: s{:cond condt.~ct~v~tv t\..-p~~ channel area of ~~aid flt~~d 
t:ffect tr.ansistor ~s forrnE~d fron: ~;a~d SE~rniconductor ~iub~;trat~!. 

[C!~:drn 3_] 
/1.. st!rn~conductor d~~\..,~ce \.-1dth a fk:id t:f'ft:·ct transistor pro-...dd~d vv!th!n ~ first conductivity typi~ ~:f~rniconductor 

arl~~~ pro\dd~~d on a st~rn~conductor sub~tr<.~te ha\.•·jng i~ ~:;E.~cond conduct~v~ty tvpt: chann-t~~ an~a t•vlth tht: oppos~te 

conducth.dtv tvp~~ than thE! first ronducthdty t\··pe., t~nd a configuration \Vht~fl~ -.:~ st~cond conducthdtv typE! 
S(~rn~conductor an:~~~ !s provkJ::.~d bt=:-t\.-vt:en ~:;i~!d st~rn~condut:tor substrat£~ ;~nd sa~d first conducth.dty typt=:-

i:'iP{: z:hannt=:-i an.=:-a of saki fif:~d t~fft~ct tri:H1sistor h~ forfr:ed frorn !iaid s€n-1k:onductor substr~te: \VfH~rein th-t~ 

th~ckness of sa!d f§rst conductht~tv· ty·p~~ s~~rn~cr::nductor i~n_:i~ under tht~ sernlcnnductor art~ij for said fieid effect 
tran~;~stor sourct: and dn~in ~s gn~ats.:!r than thE: stJn': of thi~ -iAddth of th€ d~~p!i~Uon h;JVE:r of the juncUon bet\.veen 
tht~ Si~n~~k:onduc:tor art~as for sourt{: .and dra~n for ~vht:-n supp~v \,•·oitagf:~ ;s appHE~d ;:~nd ~iaid first tonducthdty tvpl: 

[(]i~~rn 4] 
l\ st~rnh::onductor dt!\dc~~ \•Vh~h a f~eid t=:-fh=:_-.ct trans~~~tor provkJE~d vv!th~n a f~r:st conduct~v~tv t\lp£~ S£~rniconductor 

ar{::a provki{!d on a st~:nh:onductor substrate hav~ng ;~ st:cond conducth...-it\l tvpe channt:i an:.~a \.-vH:h tht! oppos~tl~ 
conducth..-itv typ~~ thiln the first conducth..-nv typ£~ ;1nd a conflgurat~on \fdht~fl! ~ Si~cond conduct!v~ty type 
sen1h::onductor area as pro\l~ded bet .... .:veen s<.lh:i Sl:n~~conductor substratt: and said first conducthdty tvr.H.~ 
s~~rnk.:onductor {ire;~ to ~so~att:- said first condut:th1!ty typi~ ~;i~~lak:onductor an~a on '.t-lhk.:h tht:- si~cond conducth:·itv 
type channel <.~rea of sa~d nl:ld t:fft~ct transistor ~s fon-rH:!d fron-1 s;:~id SE~rn~ronductor substrati2\ \:Vhert:~n tht~ 

th~cknt:~ss of th~ s~~cond conduct!v~tv typi~ s~~rnicnnductor art:a }s great.::.~r than tht~ surn of the \.-Vidth of tht~ 
dt~p~t:t~on iav~:~r of tht:- junction t::etv~.:f~i~n the first conduct!v~tv tvpt~ st:-n1h:onciuctor ;~rt!;~ and tht~ s.ec:ond 
conducthdt'-l tvp~? st~rnk:ondtH.:tor area and th.::.~ v~;-ldth of tht:- dt:p~t:tion !ayi~r of th~~ Junction bt:t\:\H~t:n th£~ t:econd 
conductivity- tvpt~ seir]!c:onductor art~a ~$nd tht~ st~rniconductor substri~te, 

[(Ja!rn Sj 

/'.% st:<n)icorH:h.H:.tnr dE!V~Ci~ \:V~th a first fle~d i~ffect tri~ns}stor and a st~cond fieki ef-h=:-ct trans~stor on tfH~ rnain 
~;urfact~ of a s{:rn~conductor substrat~~ .. \:vht~n~in sa~d first ·fle~d ~~ffect trans~stor !s provided \bi~th ~$ fir~:t conduttiii~tv 
t}"T}~~ sen1h::onductor an~a pn:n.dded on said sen1k:ondtsctor- substratt~ .. th!s first conductiv~tv type ~~en-1!conductor 
.ar~~a ~5 e~ectrk:aHv ~so!ated frorn said serniconductor substrati~ by a s~~cond conducthdtv tVtH2~, s0n1!conduc:tor ;~rt~a 

~\•·jth oppos~tf~ conducthdty tvpt: than tht~ flrst conducthdtv ty-~H~ pro\.:id~!d betvv't!en th~~ flrst conduct~v~tv t/pt:­
st~rrdconductor i~n:~a and 5a~d !;i~n~~k.:onductor svbsi:ratE~ ~~nd the Sl:cond fk~!d t~fft:ct transistor~.-; pn_::\.•·}dt:-d v,dth~n 

DET/qLED DESCR~PT~()N C}F THE ~N\lENT~()N 
[0001.j 
TECHN()L(){.1~Cl~.L FiELD !N\lENT~()N BEtCJN(;S T() 
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The present invention is related to a semiconductor device manufacturing method and a semiconductor device 
and in particular related to effective technology applied to a manufacturing method for a semiconductor device 
with a field effect transistor as well as to semiconductor device technology. 

[0002] 
BACKGROUND TECHNOLOGY 
The technology investigated by the inventors is a semiconductor device structure providing a field effect 
transistor on a, for example, partially depleted SOI {Silicon On Insulator) substrate. An srn substrate has a 
structure of a thin semiconductor layer provided on a substrate insulator layer with an element such as a field 
effect transistor or the like formed on the primary surface of the semiconductor layer. When voltage is applied 
to the gate electrode of the field effect transistor of this structure, the depletion layer expands from the gate 
insulation film but does not reach the substrate insulator layer even at maximum depletion layer width leaving 
substrate area that is not depleted. This is the structure most widely used and the substrate (in other words, 
semiconductor layer) is electrically insulated so when conducting, the substrate potential rises and threshold 
voltage lowers and this results in achieving high drive current. In addition, semiconductor area for source and 
drain and depletion layer for joining with a channel layer extends as far as the substrate insulator layer 
dramatically reducing junction capacitance. 

[0003] 
A partially depleted SOI substrate is described in Scalability of SOI Technology into 0.13 µm 1.2V CMOS 
Generntlon, E, Leobandung, et al, Tech Digest of IEDM98, PP403-406,1998 IBM. 

[0004] 
THE ISSUE(S) THAT THIS INVENTION INTENDS TO RESOLVE 
However, with the semiconductor device technology that uses an SOI substrate described above, the substrate 
price is high price, 5 times that of a normal substrate. The structure is an element area covered with an insulator 
body so thermal resistance is high and this readily leads to increase in bonding temperature. Currently, crystal 
defects are high compared to normal substrate structures. In addition, the element area is completely isolated 
by the insulator leading to the problem that substrate floating control ls difficult. Here, achieving the advantages 
of a SOI structure on a normal substrate structure in some manner ls an important Issue. 

[0005] 
An objective of the present invention is to provide technology that improves the performance of semiconductor 
devices. 

[0006] 
Furthermore, an objective of the present invention is to provide technology reducing the cost of semiconductor 
devfces. 

[0007] 
This and other objects of the present invention will become clear through the description in this specification as 
well as the attached drawings. 

[0008] 
MEANS FOR SOLVING THE VARIOUS ISSUES 
A simple description of a summary representing the invention disclosed in this application is provided below. 

[0009] 
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ln other words, the present invention is separation of a semiconductor substrate and a semiconductor area 
formed by a channel of a field effect transistor formed on the primary surface thereof using a pn junction. 

[0010] 
In addition, the present invention is, with a semiconductor substrate and semiconductor area having a field 
effect transistor formed on the main surface thereof, a semiconductor area with a conductivity type opposite 
that of the semiconductor area is provided therebetween to isolate the semiconductor substrate and 
semiconductor area. 

[0011] 
EMBODIMENTS OF THE INVENTION 
In the following embodiments, the description is separated into a plurality of sections or embodiments as 
needed for convenience. However, except for when stated explicitly, these are not mutually unrelated where 
one is a partial or full modified exam pie of another and are related in terms of detail and supplemental 
description and the like. 

[0012] 
In addition, in the embodiments below, when number of elements are referred to {Including pieces, number 
amount, range and the like), it is not limited to the indicated number and can be more or less than the indicated 
number except where stated explicitly and when clearly limited to a specific number based on principle. 

[0013] 
Furthermore, in the following embodiments, it goes without saying that the structural elements (including 
element steps and the like) are not necessarily essential unless stated explicitly or can be considered to be 
deady essential based on principle. 

[0014] 
In a similar manner, when structural element shape and positional relationships are referenced in the 
embodiments below, this includes items that are approximate or similar or the like essentially that shape or the 
like except when stated explicitly or can be considered that this is dearly not the case based on principle. The 
same goes for numerical values and range described above. 

[0015] 
In addition,. items with the same function are given the same code in all drawings for describing the 
embodiments and repeated description is omitted, 

[0016] 
In addition, in the present embodiments, MISFET (Metal Insulator Semiconductor Field Effect Transistor) that is 
representative of field effect transistors is abbreviated as MIS, p channel type MISFIT is abbreviated as pM!S, 
and n channel type MISFET is abbreviated as nMIS. 

[0017] 
An embodiment of the present invention will be described in detail below based on the drawings. 

[0018] 
(Embodiment 1) FIG. 1 shows a cross section of the main part of the logic drcuit on the semiconductor chip 1C 
that makes up the semiconductor device that is embodiment 1 of the present invention, In addition, FIG. 2 
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shows the impurity concentration distribution of the semiconductor substrate {hereafter, simply substrate) 15 
that makes up the semiconductor chip 1C. 

[0019] 
The substrate 1S is made up of a single crystal of., for example, p type silicon (Si}, A groove type partitioning part 
{SGI; Shallow Groove Isolation) 2 is formed on the main surface (device forming surface), The groove type 
partitioning part 2 is formed, for example after forming a groove for partitioning on the main surface of the 
substrate 1S., by depositing an insulating membrane such as a silicon oxide membrane (S!02) and the like on the 
main surface of the substrate 15 embedded within the groove, and further by polishing using CMP (Chemical 
Mechanical Polishing} and the like such that the insulating membrane is left only within the groove. The depth of 
the groove type partitioning part 2 (distance from main surface of substrate 1S to bottom :surface of partition 
part 2} is, for example, roughly 0,2 to 0.3 ~tm, The area surrounded by this groove type partitioning part 2 is an 
active area {device forming area). With regards to this substrate 1S, a p type semiconductor area PA {first 
conductivity type semiconductor area) is formed in this active area, Boron {Bl or Boron difluoride (BF2), for 
example, is induded in this p type semiconductor area PA, Here, nMISQn for a logic circuit formed inside this p 
type semiconductor area PA is shown as an example. 

[0020] 
The nMISQn comprises semiconductor areas 3, 3 for source and drain., a channel area CHn, a gate insulating mm 
4, and a gate electrode 5. The semlconductor areas 3, 3 for source and drain are arranged ln a pair on both sides 
with the channel areas CHn formed in the p type semiconductor area PA interposed, each comprising an n type 
semiconductor area 3a arranged in the vicinity of each of the channel areas CHn and an n+ type semiconductor 
area 3b arranged in a position at a distance from the channel area CHn with then type semiconductor 3a 
interposed. The n type semiconductor 3a and n+ type semiconductor area 3b both contain., for example, 
phosphorus (P) or arsenic {As}. However., then type semiconductor 3a ls also called an extension area, of which 
impurity concentration is set to be lower than that of then+ type semiconductor area 3b, In other words, it is a 
lDD (lightly Doped Drain) structure. 

[0021] 
In addition,, with the structure of the present embodiment 1 as described below, as the p type semiconductor 
area PA is in a state of floating electrically, reducing the threshold voltage, the threshold voltage is set such that 
it is 50 mV to 100 mV higher than normal by having a comparatively high impurity concentration of the channel 
area CHn to prevent the threshold voltage from falling too much, Here, ions are implanted on the main surface 
of the substrate 15, for example, with boron at an ion implantation energy of around 10 keV into the channel 
area CHn, as a way to adjust the threshold voltage, 

[0022] 
The gate insulating film 4 ls made up of, for example, silicon oxide (Si02). The thickness thereof ls the silicon 
dioxide exchange film thickness, for example .. 25 nm or less, or roughly 1.5 nm as an example. However, 
materials for the gate insulating film are not limited to thls, and can be changed, for example, the gate insulating 
fllm 4 can be a srncon oxynitride film {SiON). In other words, there can be a structure segregating nitrogen at the 
interface layer between the gate insulating film 4 and the substrate lS. A slllcon oxynltride film can suppress 
interface level generation in the film and has high effectiveness in decreasing electron trap compared to a silicon 
oxide film., such that it can improve hot carrier tolerance in the gate lnsu!atlng film 4 and improve dielectric 
strength. In addition, it is more difficult for impurities to penetrate a silicon oxynitride membrane compared to a 
silicon oxide membrane; therefore, use of a silicon oxynitride membrane enables control of fluctuations in 
threshold voltage that can cause scattering of impurities in the gate electrode material on the substrate 1S side. 
In order to form a silicon oxynitride membrane, for example, the substrate 15 ls subjected to heat treatment in a 

7 
Intel Ex. 1002 

Page 179 



nitrogen--containing gas atmosphere such as NO_, N02, or NH3. In addition, the effects as stated above can also be 
obtained by heat treating the substrate 15 in the nitrogen-containing gas atmosphere after forming a gate 
insulating film 4 made up of sillcon oxide on the surface of the substrate 15, and segregating the nitrogen in the 
interface layer between the gate insulating mm 4 and the substrate lS. In addition, the gate insulating film 4 can 
have a structure where a sHicon nitride film is laminated on the sHicon oxide film. Furthermore, the gate 
insulating film 4 can be formed from an insulating film made up of high dielectric films, for example, Hf02 
(dielectric constant IT!r" 20.6), Zr02 {filr = 24.7}, AbO3 (lllr = 8.4), Y203 (rnr = 14), HfSi04, ZrSi04 (lllr = 19.4), and the 

like. 

[0023] 
The gate electrode 5, for example, is made up of a !ow-resistance polycrystalline silicon. However., it is not 
limited to this, and various modifications are feasible, for example .. it can be a so-called polymetal gate electrode 
structure providing a metal membrane such as tungsten and the like on a so-called polydde gate electrode 
structure or low-resistance polycrystalline silicon membrane through a barrier metal layer such as a tungsten 
nitrlde (WN) and the !ike, which provides a silicide layer such as a cobalt silicide (CoSix) on the low-resistance 
polycrystalline silicon membrane. A sidewall 7 made up of a silicon oxide membrane is formed to form a LDD 
structure on the side surface of the gate electrode 5, In addition .. the gate lengths are around 0,14 µm for a gate 
insulating film 4 thickness of 2.5 nm, and around 0.08 µm for a gate insulating fiim 4 thickness of 1.5 nm. In 
addition, the source voltage on the high--voltage side ofthe logic circuit area formed on the nM!SQn is, for 
example, around 1.5 V to 0.7 V, and ls comparative1y lower than the source voltage on the high-voltage side of 
the surrounding circuit areas, Furthermore., regarding the semiconductor chip lC, the source voltage on the 
hlgh-voltage side of the surrounding circuit areas (for example, the input circuit, output circuit, and input/output 
bidirectional circuit} is around 3.0 V or 33 V. 

[0024] 
This type of nMISQn is covered by an interlayer insulating membrane 8 deposited on the main surface of the 
substrate 15. The interlayer insulating membrane 8 is made up of, for example, a siilcon oxide membrane, and a 
first layer wiring 9 ls formed on the surface thereof. The first layer wiring 9, is made up of, for example, 
aluminum or aluminum ailoy, and is electrically connected to a semiconductor area 3 for source and drain 
through contact holes 10 that are bored in the interlayer insulating membrane 8, 

[0025] 
Incidentally, the present inventors found while deve1oping a semiconductor device using a partially depleted SOI 
substrate, that many of the merits of using a partially depleted SO! substrate compared to use of a normal 
substrate were an increase in drive current due to floating of the substrate and a decrease in junction 
capacitance. Here, a structure such as the one that follows was used in order to achieve a structure that has 
these kinds of merits with a normal substrate. 

[0026] 
!n other words,. regarding the present embodiment 1, an n-we!I NWL (second conductive type semiconductor 
area) is provided between the p type semiconductor area PA where the nMISQn ls formed and the lower layer 
substrate 1S. Regarding the depth from the main swface of the substrate 15 so that the substrate 1S and p type 
semiconductor area PA as well as the channel area CHn and substrate 15 are not electrically connected, the 
impurity distribution of the n-wel! NWL ls formed at a position slightly more shallow than the bottom of the 
groove type partitioning part 2, and distributed from a position deeper than the peak position of the p type 
semiconductor area PA to a position slightly more shallow than the bottom of the groove type partitioning part 
2. In other words, regarding the present embodiment 1, the channel areas CHn of the nMISQn, and the p type 
semiconductor area PA and the Sllbstrnte 15, are electrically isolated by a pn Junction between then-well NWL 
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and the substrate 15. Here, with a power supply voltage applied to the semiconductor area 3 for the nM!SQn 
source and drain, connecting of then+ type semiconductor area 3b and n-wel! NWl needs to be prevented by a 
depleted !ayer with the Junction of the channel area CHn (p type semiconductor area PA) and depleted !ayer 
spreading between the channel area CHn (p type semlconductor area PA) and n-weH NWL. !n other words .. the 
distance x 1 in F!G,1 needs to be larger than the sum ofthe widths of the depletion layers described above. In 
addition, the width x2 of the n-weli NWL itself can not be allowed to be reduced by the depletion layer with the 
channel area CHn (p type semiconductor area PA) or the depletion layer with the substrate 15. In other words, 
the width x2 needs to be larger than the sum of the depletion layer widths. This type of n-we!i NWL can be 
formed using ion implantation of phosphorus, for example, onto the main surface of the substrate 15 with an 
ion implantation energy of around 450 keV of phosphorus, for exam pie, after the groove type partitioning part 2 
is formed. Furthermore, the impurity concentration of then-well NWl at its peak position is, for example, 
around 1018/cm3 or somewhat lower, as shown in FIG. 2. 

[0027] 
By providing this type of n-we!I NWL, similar effects to those of using an SOI substrate can be obtained 
depending on the performance of the semiconductor device. In other words, while conducting,. the threshold 
voltage of the nMISQn decreases and current increases, due to an increase in potential ofthe channel area CHn 
(p type semiconductor area PA) from a capacitive coup!lng of the gate electrode 5 and the channel area CHn (p 
type semiconductor area PA), and an increase in potential of the channel area CHn (p type semiconductor area 
PA} due to the generation of impact ionization holes from drain current flow. FIG. 3 shows the gate voltage 
dependence of the drain current between the nMISQn of the present embodiment land the nMIS formed on a 
normal substrate that does not contain an n-weli isolation structure, In the present embodiment 1., as the 
channel area CHn (p type semiconductor area PA) is electrically insulated, threshold voltage is lowered and drain 
current can be increased when gate voltage is applied. in addition, the junction capacitance between the 
semiconductor area 3 for source and drain and the substrate lS can be decreased to 1/3 of a case where then­
wel! NWL is not provided, as the junction capacitance of then+ type semiconductor area 3b and the channel 
area CHn (p type semiconductor area PA). the junction capacitance of the channel area CHn (p type 
semiconductor area PA) and the n-wel! NWl, and the junction capacitance of the n-weli NWl and the substrate 
1S are put in a state of serial connection. Therefore, operation speeds of a circuit comprising this transistor can 
be increased, 

[0028] 
in addition, as the channel area CHn (p type semiconductor area PA) and the substrate 15 are not completely 
isolated by an insulator, and have a structure such that they are isolated by the n-wel! NWL that more readily 
releases heat in comparison to an SO! substrate., increase in heat resistance can be substantlally reduced, 
suppressing an increase in _iunction temperature. Therefore, operation reliability of the semiconductor device 
can be improved. !n addition, a cooling structure of the package itself., or a cooling device or cooling mechanism 
for cooling the semiconductor device can be simplified. 

[0029] 
In addition, crystal defects can be reduced !n comparison to an SO! substrate. Therefore .. the yield and reliability 
of the semiconductor device can be improved. 

[0030] 
In addition, an increase in substrate potential can be controlled with comparative ease by controlling the 
leakage current of the pn junction under the channel area CHn, In other words, the controllability of substrate 
floating can be improved, Therefore, this can simpilfy circuit design. 
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[0031] 
In addition, providing of an n-we!I NWL is basica!!y a normal substrate structure and so this enables reducing 
costs of the semiconductor device compared to the case of using a high cost SOI substrate, 

[0032] 
{Embodiment 2} Embodiment 2 is a description of applying the present invention to a semiconductor device that 
has a CMIS {Complementary MIS), 

[0033} 
FIG. 4 shows a cross section of the main part of a CMIS circuit that makes up a logic circuit on the semiconductor 
chip lC that forms the semiconductor device of another embodiment of the present invention. 

[0034] 
As the vertical structure of the area the nM!SQn is formed on is the same as that in embodiment 1, the 
explanation thereof is omitted. Here, a description of the vertical structure of the area pMISQp is formed on ls 
provided, Regarding the area the pMiSQp is formed on, an n type semiconductor area NA (second conductive 
type semiconductor area) ls formed on the active area of the substrate 1S, and the pMISQp is formed within this 
n type semiconductor area NA. The n type semiconductor area NA .. for example, contains phosphorus {P) or 
arsenic (As). 

[0035] 
The pMISQp comprises semiconductor areas 11, 11 for a source and drain, a channel area CHp, a gate insulating 
film 4, and a gate electrode 5. The semiconductor areas 11, 11 for source and drain are arranged as a palr with a 
channel area CHp interposed can comprise p type semiconductor areas 11a arranged respectively dose to the 
channel area CHp and p<-type semiconductor area 11b arranged at a distance from the channel area CHp with 
the p type semiconductor areas 11a interposed. The p type semiconductor area lla and p+ type semiconductor 
area 11b both contain, for example, boron (B) or boron difluoride (BFJ. However, the p type semiconductor 
area 11a can be called an extension area, of which impurity concentration is set to be lower than that of the p+ 
type semiconductor area llb. !n other words, it ls a LDD structure. 

[0036] 
In addition, regarding the present embodiment 2., a p-well PWL (first conductivity type semiconductor area) ls 
provided between then type semiconductor area NA where the pMISQp ls formed and the substrate 1S. In 
other words, regarding the present embodiment 2, the channel areas CHp {n type semiconductor area NA} of 
the pMISQp and the substrate lS are electrically isolated by the pn junction between the p-we!I PWl and then 
type semiconductor area NA. As the impurity distribution forming conditions for the p-well PWl are the same as 
then-well NWL, the explanation thereof is omitted. This type of p-we!i PWl can be formed by ion implantation 
on the main surface of the substrate lS with an ion implantation energy of around 160 keV of boron, for 
example, after the groove type partitioning part 2 is formed. Futthermore, the impurity concentration at the 
peak position of the p-weli PWL ls around the same as the n-we!I NWL The channel area CHp of the pl'v11SQp is 
formed by ion implantation of phosphorus onto the main surface of the substrate 1S surface with using roughly 
20 keV, for example, to reach the prescribed desired threshold (enhancement of roughly 50 mV to 100 mV 
compared to a conventlonal structlire}. Other items are the same as embodiment 1, and the description ls 
omitted. 

[0037] 
in this manner, with embodiment 2, the following effects, other than the effects obtained in embodiment 1, can 
be obtained, In other words, the pMISQp achieves the same effects as the nMISQn. Therefore, the operating 
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[0038] 
{trnbod~nH::nt 3} Rt~garding thE~ vt:rtk:a~ structurf~ of the fiiHS ~n t:rnbod~rnents 1 and 2,. opt:ration spt~:t!d can b~: 
;rnprov~:d a~~ st;~teti atHJvei hovvl~\lt~f'.. t-lHS threshold vo~tagt~ fh.H::tu~:=tt:s \•V~thin the acth.:;.:! i~rea ~:~nd bt:corn;.:~s 
unstablt~. H£~rt~ .. n:~gan:Hng the fHl!~~ent enibodirnent 3., fv1~S that ust~ a vt~rth:i~~ structure i~nd those tht~t do notl 
i?\l~!n for NHS th.at an~ fornit~d on tht~ san-1-::.~ substn~tt: 1S ... ~•\terf.! prodt~Ci2!d separatt~~V- ~n otht::r \.'Vords? tht::re ~n:: 
d~ffert:nt purpost~s .. a fv·l~S vertk:ai ~;tructurt! as t!Xp~aint~d in en-1bod!rnt:nts 1 cind 2 accord~ng to tht: t:~ectrk~.a~ 
charac:t~!r~stk.:s n~qu~red by th£~ c~rcu!t .. ;~nd a nor~r~a~ ~.:HS vt:rtk:a~ structure .. f\llOfl! sp:::.:cffk:aUt/i tht~ !\/HS vertk:a~ 

thn~sho~d \toH:agt~ to a c~:-:rta~n t:xtt:nt .. ~~nd a genera~ !\..-Hs \lt~rth::~i~ structurt! ~s USi~d ant not thi? rvHS v~~:rUc~:~ 
structurt~ i~bo\t:£~ for a ~\/HS ronfigur{~d \:V~th i~ cJrcu~t ~n \:vhk:h opr:~r.ations th~!reof are obstructt~d bv a fluctuating 
thn.:-sho!d vo~t~:~gt: .. For {:xarnph::: for .a ~-1~S thi~t rn;;:k:::.!s up a d~gital c~rcu~tl the f\l];S \:'i~rtk:a~ structure as t=:-xp!a~ned 
ijn t~n1bod~rn~~nts l ;:1nd 2 ~s used, !n ~~ddHJon .. for ~~xarf1p~t~ ... th~! !\lBS Vi~rtica! structurt:: dt~st:rH:.H::d above \,Ven~ not 
us.t:d for fv1!5 that rn~~ke up analog c~rcujt!; ~\:hf:n~ .. for i~Xi:Hllp~{~ .. h~gh op{~raUon prt:cij~;h:H1 js. rt:qu~r--t~d .. input/output 
c;rcu~t~~ .. or rnf~n-1orv cells or sensi:> .arnp cin::u!"ts of rnernorv c~rcu~ts {ht~reaft{~r sinipi\/ ca!~~~d an~alog circu~ts i~nd tht: 
~~k~!}. Herei norn1i~~ !VHS vi~rtk:al strtH.:tur{=::; \.'V{=:re ut;ed. Vv'hde a rn~!rnorv CE:~! h; a d~g!ta! circu!t .. they rl!ad and 
\Ndte rn~croscoph: signats {chargt:s}... !;o threshold vo~tage fluct:u{ltk.1ns of' tht=:.- i\lHSFFT th;~t rnakt~s up thE.~ n1t~rnorv 
c~!n c~:ln hjndt::r d.at;;] proci~S~~ing .. such th~at use of a cornn~~on !'VHS ·1·./t:rtk:a! structurl! ~s pn.:""ferab!t~. ~n add~th1n: 

{so,~rce vo[tagE~ on tht=:.- hSgh~vo~tagt~ ~;;de}.. if the opt~rat~ng ~ioH:agt:" ~~; 1,S \/ or ~t~~:s .. for f~xarnp~el s..~~i~ of tht: ~VHS 
v~~rtk:a! structure .as t~xp!a~ned ~n en-ibod~rn~nts 1 and 2 ~s pr-tJt:rab~~!. ()n tfH~ otht~r hand .. lf the Opi~rating vo~tag~: 
of the ~v! !S is high~~r than 1 .. S V., us~! of tht:" cornrnon t~ll~S vt~rt~c;,~~ structure ~) prt:-ferab!t: .. 

[0039] 

[0040] 
()n thi:: otht~r h~:nd .. an i:H·t~-:.1 i-\2 shov;ts {~n arrangernent art~a r~f a ntv1;sctnl .. CJ.pl {2nd fie~d efff:ct trans~stor) that 
~riakt~s up;:~ c~n:u~t gi~n~:rat~ng an obstruction \·vh(~n thre-shoid \lO~tagt: such i~S the an;~~og c~n::uH".,, ~nput/output 
c~rctdt .. rrH~n-i<H-~l censor sens{: c!n::uit of a rnt~rnorv c!rcu~t ... or tht~ nke fluctuates. ~n the .area /.-\.:t i~ cornrr~on {\l! !S 
vertk:a! structun~ is used .. ~n other \-vords .. th{:~ nt•./HSCtnl ~s f\.)rTned ~n~Jd~ of tht~ p~\:vt~n P\.tVL ... and a p~VHSClp1 is 

t;tructun:':s of tht: p~\f\.-'£~H P\:VL and th-t~ n~-\.-vt:H N\:\/L of the area l\1. Ch:anrH~! ~on h11p~antat~on ~s pt!rforn)t~d f<H .. 
chann~~ f~n~as C:Hnl .. CH pl of th(~ nfvi~S{).nl ;~nd thi: ptvl!S(lp1 in ~n~a i-\2 as vve;~; perforrn!ng .adjllstrn~!nt~i to 

[0041] 
~n th~s rn;~nnt~r ... rt~garding th~~ pn~~;f~nt ~:rnbod~n"H~nt 3: efft:(ts .as fo~iO\:VS otht:r th;~n thost: th;~t ~An:n:.~ obt.a~nt:d ~n 
thi:: i~n"'~bod!rnt!nt~; 'l ;;ind 2 can KH:': obt~llnt~d. 

[00421 
~n otht~r \\:on:k; .. b\l us~ng a ~VHS vt:tt~ca~ structure ilS descdtH::d ln t:rnbodhnt~nt5 1 and 2 for {1 logic circuit ~\/HS .. and 

using a norrnal tv'HS vert~c~! struc:tur0 for an ani:dog c~rcu~t and th~~ ~~kt~ .. an ~n~~prov~!rr1~!nt !n Gpi~rating ~pf?€~d of 
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the logic circuit and an improvement in operating reliability of the analog circult and the like can both be 

achieved. 

[0043] 
(Embodiment 4) In the CMIS circuit structure of embodiment 2, there are cases where the increase in substrate 
potential when voltage is applied to the gate is too large, In this case, as shown in FIG. 6, a crystal defect 12 is 
formed in the vicinity of the junction of the p type semiconductor area PA and then-well NWL by lon 
implantation of impurity ions such as argon (Ar), germanium (Ge), and the like. As this causes a moderate re­
combination in the depletion layer of the pn Junction of the p type semiconductor area PA and the n-well NWL, 
allowing a leakage current to flow, ability to control this enables suppressing rise in potentlal of the p type 
semiconductor area PA. Therefore, as this improves controllability of nMISQn threshold voltage settings, 
operating reliability of the semiconductor device can be improved. Furthermore, electrons that were generated 
by the impact ionization of the pMISQp n type semiconductor area flow to the source p+ type semiconductor 
area 11b (power supply wiring on the high-potential side), On the pl'v1ISQp side, a floating suppression effect for 
substrate potential ls not produced even if a re~combination nudeus is formed so a crystal defect is not provided 
on the pMISQp side. 

[0044] 
{Embodiment S) The present embodiment 5 is an explanation of a modified example to achieve the same 
objective as explained in embodiment 4, in other words, w·ith an objective of suppressing an increase in 
substrate potential, a p+ type semiconductor area 13P with a high impurity concentration is provided on the 
lower part of the p type semiconductor area PA (between the p type semiconductor area PA and the n-we!I 
NWL), as shown in FIG. 7. The p+ type semiconductor area 13P comes in contact with both the p type 
semiconductor area PA and the n-we!I NWL By providing this type of p+ type semiconductor area 13P, the 
impurity concentrations in the area corresponding to the parasitlc bipolar transistor base area formed by the 
source and drain semiconductor area 3 of the nMISQn and the p type semiconductor area PA can be increased., 
such that the current amplification factor of the parasitic bl polar transistor can be reduced, As a result, increase 
in substrate potential can be controlled. Therefore, as this improves contro!iabmty of nMiSQn threshold voltage 
settings, operating reliability of the semiconductor device can be improved. 

[0045] 
in addition, regarding the present embodiment S, with an objective of suppressing rise in substrate potential, an 
ri+ type semiconductor area 13N with a high impurity concentration Is provided on the lower part of the n type 
semiconductor area NA {between the n type semiconductor area NA and the p-weil PWL). The n+ type 
semiconductor area 13N comes in contact 1,•vith both the n type semiconductor area NA and the p-we!I PWL. 
Providing this type of n' type semiconductor area 13N, improves setting controllability of the pMiSQp threshold 
value for the same reasons as with the nM!SQn, enabling improving operating reliability of the semiconductor 

device. 

[0046] 
(Embodiment 6) The present embodiment 6 is a descrlptlon of a modified example to achieve the same 
objective as explained in embodiments 4 and 5, in other words, with an objective of suppressing rise in substrate 
potential, regarding the forming area of the nMISQn, a p• type semiconductor area 13 is provided in a state of 
contact with the lower part of the p type semiconductor area PA, and an n+ type semkonductor area 14 is 
provided in a state of contact with the lower part thereof, and then-well NWL is provided in a state of contact 
with the lower part thereof, as shown in FIG, 8. This enables forming p• and n+ high impurity concentration 
junctions, increasing the diode tunnel current, and causlng a re-combination, such that the increase in substrate 
potential of the p type semiconductor area PA can be further suppressed. Therefore, as this improves 
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controllabWty of nMiSQn threshold voltage settings, operating reliability of the semiconductor device can be 
improved. Fmthermore, on the pMISQp side, an n+ semiconductor area and a p+semicondllctor area are not 
provided on the lower part of the n type semiconductor area NA for the same reasons as explained in 
embodiments 4 and 5. 

[0047] 
The present invention discovered by inventors has been specifically described using an embodiment; however, 
the present invention is not restricted to the embodiment described above and it goes without saying that 
various changes that do not deviate from the essentials of the invention can be made. 

[0048] 
In these explanations the invention made by the present inventors were mainly explained by application to 
semiconductor devices that have CM!S circuits, a use field of their background. However, use is not limited as 
such, and for example, can also be applied to semiconductor devices that have memory circuits such as DRAM 
(Dynamic Random Access Memory), SRAM {Static Random Access Memory), or flash memory {EEPROM; Electric 
Erasable Programmable Read Onlv Memory), and the like, semiconductor devices that have logic circuits such as 
a microprocessor, or consolidated type semiconductor devices that provide a memory circuit and a logic circuit 
on the same semiconductor sl!bstrate. 

[0049] 
EFFECT OF THE INVENTION 
A simple description of the effects that can be obtained representing the invention disdosed in this application 
is provided below. 
(1) The performance of a semiconductor device can be improved by using a pn junction to isolate a 
semiconductor substrate and a semiconductor area formed by a field effect transistor channel formed on the 

main surface thereof. 
(2} A semlconductor device can be configured using a normal substrate structure without using an SOI structure 
that has a relatively high number of defects and is highly prlced, by isolating a semiconductor substrate and a 
semiconductor area formed by a field effect transistor channel formed on the maln sutface thereof using a pn 
junction, enabling cost reduction. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 
the first embodiment of the present invention. 
FIG. 2 is a graph diagram showing the impllrity concentration distribution of the semiconductor substrate of the 
semiconductor device ln FIG. 1. 
FIG. 3 ls a graph diagram showing the drain current gate voltage dependence of the field effect transistor of the 
semiconductor device in FIG. 1 and the field effect transistor formed on a normal semiconductor substrate, 
FIG. 4 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 
another embodiment of the present invention. 
FIG. 5 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 
another embodiment of the present invention, 
FIG. 6 is a cross-section view of the main part of the semiconductor chlp that makes up the semiconductor device of 
another embodiment of the present invention. 
FIG, 7 is a cross-section view of the main part of the semiconductor chip that makes up the semiconductor device of 
another embodiment ofthe present invention. 
FIG. 8 is a cross--sec:tion view of the main part of the semiconductor chip that makes up the semiconductor device of a 
further additional embodiment of the present invention. 
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EXPLANATION OF CODES 
lC. semiconductor chip 
1S. semiconductor substrate 
2. Partitioning part 
3. Semiconductor area 
3a. n type semiconductor area 
3b. ri' semiconductor area 
4. Gate insulating film 
5. Gate electrode 
7. Sidewall 
8. Interlayer insulating membrane 
9. First layer wiring 
10. Contact hole 
1L Semiconductor area 
11a. p type semiconductor area 
11b. p• type semiconductor area 

12. Crystal defect 
BP. p.,. type semiconductor area 

13N. n+ semiconductor area 
14. n+ semiconductor area 
PA. p type semiconductor area (first conductivity type semiconductor area) 
NWL n-well (second conductivlty type semiconductor area) 
NA. n type semiconductor area (second conductivity type semiconductor) 
PWL p-well (first conductivity type semiconductor area) 
Qp. p-channel type MISFET (flrst field effect transistor) 
Qn. n-channel type MISFET (first field effect transistor) 
Qp1. p-channel type MISFET (second field effect transistor) 
Qnl. n-channel type MISFET (second field effect translstor) 

CHn, CHnl channel areas 
CHp, CH pl channel areas 
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[FIG. 1] 
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[FIG, 2] 
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[FIG. 3] 
FIG. 3 
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[FIG. 4] 
FIG. 4 
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[FIG. 5] 
FIG. 5 
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[FIG. 7J 
FIG. 7 
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[FIG. 8] 

FIG. 8 
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Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 

Intel Ex. 1002 
Page 213 



Doc Code: PA.. 
Document Description Power of .£\ttorney PTO//\!A/8~'.fo. (07~13) 

ApproverJ far use through 0313--:;2021. 0MB 0654 .QQ35 
U.S. Patent and T1·ademarh Office; U.S. DEPARTMENT OF COMf,1ERCE 

Under tt,e Paper",vork Re,juct!on Act cf ·1995. r.o persons are required tc respond to a collection cf 1nfr)rnration unfess it dispby$ a valid OfV\8 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/828) to identify the application to which the 
Power of A,ttorney is directed, in accordance with 37 CFR 1.5, unless the application number and fiiing date are identified in the Power o-f 
Attorney by Applicant form. !f neither form PTO/AIA/82A nor form PTO/AIA.82B identifies the application to which the Power of Attorney is 
directed, the Power of .4ttorney will not be recognized in the application. 

Application Number 16/947,294 
Filing Date 2020-07-27 

R Mohan Rao G 
First Named Inventor 

Title SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

Art Unit 

Examiner Name 

Attorney Docket Number 0-35294 
SIGNATURE of Applicant or Patent Practitioner 

---·--········· 

Signature JG regoryM H owison#30646/ Date (Optional) 2021-07-15 
-------··············---·-------------------

Name Gregory M. Howison Registration 30646 
Number 

Title ("If Applicant :s a 
juristic entity) 

........ 

Applicant Name (if Applicant is a juristic entity) 

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

• 'Tota! of forms are submitted. 

This col!ectlon of information is required by 3"7 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 tr1e USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1. i 1 and 1, 14. This collection is e5timated to take 3 mmutes to complete, including gathering, preparing, and submitting tl1e completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on lhe arnount 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, PO Box 1450. Alexandria. VA 22.313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

if you need assistance in completing the form. call 1-800-PTO-9199 and select option 2 

. 
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Doc Code: PA.. 
Oocurnent Description: Power of Attorney PTOiAIA/828 (07-13) 

Approved for use through 03/:5112021. 0MB 0651--UUJ5 
U.S. Patent and Tradernark Office. U.S. DEPARTMENT OF COMMERCE 

Under the PaoerNork Reck:ction. Act of l 995. no persor:s are required to respond to a coHectton of !nforrnation unless :t fJrspiays a valid 0MB contro1 nu1·(1ber 

[ 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. 

---------
Application Number Filing Date 

16/947,294 2020-07-27 
----------------------

(Note The boxes above may be left biank if information is provided on form PTO/AiA/82/\.) 

[Kl I hereby appoint the Patent F'ractitioner(s) associated with the foilowing Customer t\Jurnber as my/our attorney(s) or agent(s), and 
to transact ail business in the United States Patent and Trademark Office connected therewith for the appiication referenced in 
the attached transmittal letter (form PTOiAIA/82.!.\) or identified above: 

!25883 I OR i 

• I hereby appoint Practitiorier(s) named in the attached list (forrn PTO/Ai/V82C) as my/our attorney(s) or agent(s), and io transact 
a!i business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO!AIA/82A) or identified above. (i'-Jote: Complete form PTO/AiA/82C,) 

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

~ The address associated with ihe above-mentioned Customer Number 

OR 

[Zl The address associated with Customer Number: 25883 I 
OR 

• Firm or 
lnd·1vidual i'-Jame 

Address 

City I State I I Zip I 
Country 

Telephone I Email l 
! am the Applicant (if the !-1pplicant is a juristic entity, list the Applicant name in the box): 

I Greenthread, LLC 
----·-··-··-················································ 

• Inventor or Joint Inventor (title not required below) 

• Legal Representative of a Deceased or Legally Incapacitated Inventor (tit!e not required below) 

[K] Assignee or Person to Whom tr1e Inventor is Under an Obligation to Assign (provide signer"s tit!e if applicant is a juristic entity) 

• Person \Nho Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR ·1 .46(b)(2) was granted in the 
app!icaiion or is concurrently beinQ filed wiih this document) /provide sim1er's tit!e if app!icant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose _title i~ supplied belq'/'I is authon;rd to act on behalf of tr,e applicant {e g .. where the applicant is a juristic entity). 

Signature ~f·:~~t.i._~}~~;~-··~ {,-t,·> ,,':,·t~,~-'::f .... ,, ... ~ .. / ........ , .. I Date (Optional) I 2021-07-15 

Name Pt1i! .John l"'~J..f ~ l ~, r"l [. .. ~) ..... ,). :) l~~J Jtl.~. 
Title President 

NOTE: Signature - This form rnusl be signed by the applicant in accordance with 37 CFR 1.33 See 37 CFR 1.4 for signature requirements 
and certifications. If !TlQ:e than one applicant. use multiple fom;s, 

0Tot31 of forms are submitted. 
.. 

This coliect:on o~ :nrorrnat1on 1s required t:iy 2,7 CFR 1.13i, 1.3:.?, and 1 3(L The 1nformat1on :s reqwred to obtain or retain a benef;t l:;y the pubtic Wl1!cn is to r:le (anc by the 
USPTO to process_) an appllcatiori. Cc,nfidentiality is goverr:ecJ by 36 U. S.C. 122 and 37 CFR 1. 11 and 1.14. This coHectlon is estrrnsterJ to take 3 minutes t0 :;ornp!ete. 
;nr.iuding g;;,thering, prep;;;rin(, . .:ind submitting the completed application farm to the USPTO. Time wili vary depending upon the individual c;ase. Any comments on the amount 
of t,me you reqwe to complete this form and/or suqqestions to,· reducing this burden. should be sent to the Ctw,f Information O!f1ce;. U.S. Patent and Trademark Office, U.S. 
Department of Commerce. P.O. Box ·1450. Alexandria_ VA 22312,-1450 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SENP TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the iorm. ca!/ 1-800-PTO--9199 anci seleci option 2. 

J 
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[ 

PTOiA!Ai82C (07-1:3) 
Approved for1.:se thff.1ugh 03!3'1/2021 0MB 065·1-0035 

U.S Patent and Tra,Jen1ark Office: US. DEPARTMENT OF COMMERCE 
Under the Papervvork Reduction /\d of 1995. n:..1 persons are r€qu:red to r·espond lo a coliection ot intormot!on unless it displays a vailcJ 0MB control nurnbe1 

POWER OF ATTORNEY BY APPLICANT 

No mme than ten (10) patent pmctitioners total rnay be appointed as set forth below by name and registration number. 
This page need not be submitted if appointing thE• Patent Practitioner(s) associated with a Customer Number (see form 
PTO/AIA/82B): 

Name Registration 
Number 

) 
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Electronic Acknowledgement Receipt 

EFSID: 43300849 

Application Number: 16947294 

International Application Number: 

Confirmation Number: 6907 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Customer Number: 40672 

Filer: Gregory Michael Howison 

Filer Authorized By: 

Attorney Docket Number: GRTD.01 .01 .DV7 

Receipt Date: 20-JUL-2021 

Filing Date: 27-JUL-2020 

Time Stamp: 17:44:21 

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.) 

2993357 

1 Power of Attorney GRTDREVPOA.pdf no 3 
a0530366f1 da6b2c29b 1 cbd912dbdaae5dC 

555a9 
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Information: 

Total Files Size (in bytes)~ 2993357 

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

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 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. 
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APPLICATION NUMBER 

16/947,294 

40672 
BILL R. NAIFEH 
PO BOX 803423 
DALLAS, TX 75380 

FILING OR 3 71 (C) DATE 

07/27/2020 

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 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

G.R. Mohan Rao GRTD.01.0l .DV7 
CONFIRMATION NO. 6907 

POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!1]!~1!~1! ~j,~ li!~ll 1111111111111111111111111111 

Date Mailed: 07/23/2021 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/20/2021. 

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

/sibrahirn/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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APPLICATION NUMBER 

16/947,294 

25883 

FILING OR 3 71 (C) DATE 

07/27/2020 

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 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

G.R. Mohan Rao GRTD60-35294 
CONFIRMATION NO. 6907 

POA ACCEPTANCE LETTER 
MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 111111111111111111111111]~!1]!~1!~1! ~i,~ ll!~Hll 11111111111111111111111 
DALLAS, TX 75380 

Date Mailed: 07/23/2021 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 07/20/2021. 

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

/sibrahirn/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

25883 7590 08/11/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

APPLICATION NO. FILING DATE 

16/947,294 07/27/2020 

FIRST NAMED INVENTOR 

G.R. Mohan Rao 

TITLE OF INVENTION: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

EXAMINER 

ARORA.AJAY 

ART UNIT PAPER NUMBER 

2892 

DA TE MAILED: 08/11/2021 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

GRTD60-35294 6907 

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

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 11/12/2021 

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

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

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

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

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

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

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

25883 7590 08/11/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

APPLICATION NO. 

16/947,294 

FILING DATE 

07/27/2020 

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 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

G.R. Mohan Rao GRTD60-35294 6907 

TITLE OF INVENTION: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

ARORA, AJAY 2892 

1. 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 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

257-025000 

2. For printing on the patent front page, list 
( 1) 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. 

$1200 11/12/2021 

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 must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: • Issue Fee • Publication Fee (if required) • Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

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

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

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. 

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 (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. FILING DATE 

16/947,294 07/27/2020 

25883 7590 08/11/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

FIRST NAMED INVENTOR 

G.R. Mohan Rao 

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. 

GRTD60-35294 6907 

EXAMINER 

ARORA.AJAY 

ART UNIT PAPER NUMBER 

2892 

DA TE MAILED: 08/11/2021 

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 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I 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 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 
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Notice of Allowability 

Application No. 
16/947,294 
Examiner 
AJAY ARORA 

Applicant(s) 
Rao, G. R. Mohan 

Art Unit I AIA (FITF) Status 
2892 No 

-- 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.~ This communication is responsive to 7/27/2020. 

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

2.0 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. 

3.~ The allowed claim(s) is/are 1-44. 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. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) • All b) 0 Some* c) D None of the: 

1. D 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. 

5.0 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). 

6.0 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. ~ Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 9/29/2020 & 6/30/2021. 

5. D Examiner's Amendment/Comment 

6. ~ Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. • Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/AJAY ARORA/ 
Primary Examiner, Art Unit 2892 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210731 
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Application/Control Number: 16/947,294 
Art Unit: 2892 

DETAILED ACTION 

Notice of Pre-A/A or A/A Status 

1. The present application is being examined under the pre-AIA first to invent 

provisions. 

Reasons for Allowance 

Page 2 

2. Claims 1-44 are allowed. The following is an examiner's statement of reasons for 

allowance: 

Claims 1-20 are allowed because the prior art of record does not teach or 

suggest, singularly or in combination, at least the limitations of the base claim 1 that 

requires "at least one well region adjacent to the first or second active region containing 

at least one graded dopant region, the graded dopant region to aid carrier movement 

from the surface towards the area of the substrate where there are no active regions" 

(see last 5 lines). 

The closest reference is Hong (US 2007/0045682), hereinafter Hong. More 

specifically, regarding claim 17, Hong (refer to Figures 4A-4D and 5A-5C) teaches a 

semiconductor device, comprising: 

a substrate (312 - see para 29) of a first doping type (i.e. parts 312 and 21 of the 

substrate have n-type doping, see para 29) at a first doping level having a surface; 
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a first region (311, which includes wells such as 21, 22, 5, 2) disposed adjacent 

the first surface, 

a second active region (such as source/drain region 2, see para 40; or 2 or 5 or 

22 of pixel cell formed in an adjacent region separated by shallow trench isolation 37 -

see para 30) separate from the first region disposed adjacent to the first active region 

and within which transistors (406, 407) may be formed; 

at least a portion of at least one of the first and second regions having at least 

one graded dopant concentration (350 - see para 24, last 3 sentences; also see Figure 

5C and para 29) to aid carrier movement (para 26). 

However, the first region is not an "active" region and the structure does not 

show that the graded dopant region is to "aid carrier movement from the surface to the 

area of the substrate where there are no active regions". Further, it is not obvious to 

modify Hong as changing first region and second region as above would change the 

intended function of the device. 

Similarly, claims 21-38 are allowed because the prior art of record does not teach 

or suggest, singularly or in combination, at least the limitations of base claim 21 that 

requires "at least one well region adjacent to the first or second active region containing 

at least one graded dopant region, the graded dopant region to aid carrier movement 

from the surface to the area of the substrate where there are no active regions" (see last 

5 lines). Again, the closest reference is Hong. 

Intel Ex. 1002 
Page 227 



Application/Control Number: 16/947,294 
Art Unit: 2892 

Page 4 

Similarly, claims 39-40 are allowed because the prior art of record does not teach 

or suggest, singularly or in combination, at least the limitations of base claim 30 that 

requires "at least a portion of at least one of the first and second active regions having 

at least one graded dopant concentration to aid carrier movement from the first or 

second active region to at least one substrate area where there is no active region" (see 

last 3 lines). Again, the closest reference is Hong. 

Similarly, claim 41 is allowed because the prior art of record does not teach or 

suggest, singularly or in combination, at least the limitations of "at least one graded 

dopant acceptor concentration to aid carrier movement from the first or second active 

region to at least one substrate area where there is no active region" (see last 3 lines). 

Again, the closest reference is Hong. 

Similarly, claim 42 is allowed because the prior art of record does not teach or 

suggest, singularly or in combination, at least the limitations of "at least one graded 

donor dopant concentration to aid carrier movement from the first or second active 

region to at least one substrate area where there is no active region" (see last 3 lines). 

Again, the closest reference is Hong. 

Similarly, claim 43 is allowed because the prior art of record does not teach or 

suggest, singularly or in combination, at least the limitations of "at least one graded 

acceptor dopant concentration and one graded donor dopant concentration to aid 

carrier movement from the first or second active region to at least one substrate area 

where there is no active region" (see last 3 lines). Again, the closest reference is Hong. 

Similarly, claim 44 is allowed because the prior art of record does not teach or 

suggest, singularly or in combination, at least the limitations of "a second static 
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unidirectional electric drift field to aid the movement of carriers from the surface layer to 

the area of the substrate where there are no active regions" (see last 3 lines). Again, 

the closest reference is Hong. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

3. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to AJAY ARORA whose telephone number is (571 )272-

8347. The examiner can normally be reached on 9 AM - 5 PM. 

Examiner interviews are available via telephone, in-person, and video 

conferencing using a USPTO supplied web-based collaboration tool. To schedule an 

interview, applicant is encouraged to use the USPTO Automated Interview Request 

(AIR) at http://www.uspto.gov/interviewpractice. 

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

supervisor, Thao X. Le can be reached on 5712721708. 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 https://ppair-
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my.uspto.gov/pair/PrivatePair. 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. 

/AJAY ARORA/ 
Primary Examiner, Art Unit 2892 
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and ((no near2 active) (inactive))).clm. 
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("20030030488" I "20020102783" I 
"20030026126" I "20030030488" I 
"6211028" I "6310366" I "6753202" I 
"7115925" I "8164124" I 
"20020056883" I "20020093281" I 
"20150200314" I "4347654" I 
"5496746" I "6452086" I "6737722" I 
"6747883" I "20030042511" I 
"5029277" I "5888857" I "6670544" I 
"6706550" I "6713813" I "6921943" I 
"20040027753" I "4160985" I 
"5448087" I "6472715" I "6683343" I 
"6831292" I "7307327" I "5569612" I 
"5575862" I "5637898" I "6720622" I 
"6744117" I "20020134419" I 
"20060113592" I "20130001661" I 
"4481522" I "5262345" I "6756616" I 
"20010040622" I "20020074585" I 
"5130262" I "5213988" I "5329144" I 
"6465862" I "6696314" I "RE37441" I 
"20020084430" I "4001864" I 
"4866000" I "5480816" I "5517052" I 
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"6754093").PN. 

("5448087" I "5888857" I 
"20030030488" I "6720622" I 
"20030026126" I "5973575" I 
"5262345" I "20040027753").PN. 

("20020056883" I "20020084430" I 
"20020102783" I "20030042511" I 
"4160985" I "5637898" I "5517052" I 
"4481522" I "6831292" I 
"20020093281" I "5029277" I 
"20060113592" I "20020134419").PN. 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

US-PGPUB; 
USPAT; 
USOCR; 
FPRS; EPO; 
JPO; 
DERWENT; 
IBM_TDB 

Intel Ex. 1002 
Page 242 



"6310366" I "6753202" I "7115925" I 
"8164124" I "6878603" I 
"20020056883" I "20020093281" I 
"201so200314" I "4347654" I 
"5496746" I "6452086" I "6737722" I 
"6747883" I "6780713" I 
"20030042511" I "5029277" I 
"5888857" I "6670544" I "6706550" I 
"6713813" I "6921943" I "7504692" I 
"20040027753" I "4160985" I 
"5448087" I "6472715" I "6683343" I 
"6831292" I "7307327" I "5569612" I 
"5575862" I "5637898" I "6720622" I 
"6744117" I "20070045682" I 
"20020134419" I "20060113592" I 
"20130001661" I "4481522" I 
"5262345" I "6756616" I "6933215" I 
"7233044" I "20010040622" I 
"20020074585" I "5130262" I 
"5213988" I "5329144" I "6465862" I 
"6696314" I "RE37441" I 
"20020084430" I "4001864" I 
"4866000" I "5480816" I "5517052" I 
"5797999" I "5973575" I "6754093" I 
"7064385" I "20120048462").PN. 
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("10510842" I "10734481" I 
"20010040622" I "20020056883" I 
"20020074585" I "20020084430" I 
"20020093281" I "20020102783" I 
"20020134419" I "20030026126" I 
"20030030488" I "20030042511" I 
"20030183856" I "20040027753" I 
"20040063288" I "20060113592" I 
"20070045682" I "20080142899" I 
"20120048462" I "20130001661" I 
"201so200314" I "4001864" I 
"4160985" I "4347654" I "4481522" I 
"4684971" I "4866000" I "5029277" I 
"5130262" I "5213988" I "5262345" I 
"5329144" I "5448087" I "5480816" I 
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"6696314" I "6706550" I "6713813" I 
"6720622" I "6737722" I "6744117" I 
"6747883" I "6753202" I "6754093" I 
"6756616" I "6780713" I "6831292" I 
"6878603" I "6921946" I "6933215" I 
"7064385" I "7115925" I "7233044" I 
"7307327" I "7504692" I "8164124" I 
"8421195" I "9190502" I "9647070" I 
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"4994887" I "5835402" I "6025237" I 
"6384431" I "6465862").PN. 
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2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
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@ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 5D-D2D8 

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. 

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 /Gregory M. Howison, Reg. #3D646/ 

Typedorprintedname GREGORY M. HOWISON 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date August 11, 2D21 

Registration No. _ 3_D_,6_4_6 ___________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 16947294 

Filing Date: 27-Jul-2020 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Filer: Gregory Michael Howison/Anna Nguyen 

Attorney Docket Number: GRTD60-35294 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Intel Ex. 1002 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

UTILITY APPL ISSUE FEE 1501 1 1200 1200 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1200 

Intel Ex. 1002 
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Electronic Acknowledgement Receipt 

EFSID: 43481763 

Application Number: 16947294 

International Application Number: 

Confirmation Number: 6907 

Title of Invention: SEMICONDUCTOR DEVICES WITH GRADED DOPANT REGIONS 

First Named Inventor/Applicant Name: G.R. Mohan Rao 

Customer Number: 25883 

Filer: Gregory Michael Howison 

Filer Authorized By: 

Attorney Docket Number: GRTD60-35294 

Receipt Date: 11-AUG-2021 

Filing Date: 27-JUL-2020 

Time Stamp: 15:54:14 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1200 

RAM confirmation Number E20218AF55164564 

Deposit Account 500208 

Authorized User Gregory Howison 

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

37 CFR 1.17 (Patent application and reexamination processing fees) 

37 CFR 1.21 (Miscellaneous fees and charges) Intel Ex. 1002 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1235057 

1 Issue Fee Payment (PTO-85B) 
GRT35294IssueFeeTransmittal. 

1 
pdf 

no 
bcc7d713d5093b3da2caf0714325c11158a 

3f3e9 

Warnings: 

Information: 

40279 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
89ee78f80675f92f2bff9aca0fbabba28b7b3 

531 

Warnings: 

Information: 

Total Files Size (in bytes) 1275336 

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. 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/947,294 09/14/2021 

25883 7590 08/25/2021 

MUNCK WILSON MANDALA L.L.P 
P.O. Drawer 800889 
DALLAS, TX 75380 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11121222 GRTD60-35294 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

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

CONFIRMATION NO. 

6907 

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

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

GREENTHREAD, LLC, Dallas, TX; 
G.R. Mohan Rao, Allen, TX; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) Intel Ex. 1002 
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Case 6:22-cv-00105-ADA Document 3 Filed 01/27/22 Page 1 of 1 

AO 120 (Rev. 08/10} 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court Western District of Texas, Waco Division on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEF[LED U.S. rnSTRlCT COURT 
6:22-cv-00105 1/27/2022 Western District of Texas, Waco Division 

PLAfNTIFF DEFENDANT 

GREENTHREAD, LLC INTEL CORPORATION, DELL INC., AND DELL 
TECHNOLOGIES INC., 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 8,421,195 4/16/2013 GREENTHREAD, LLC 

2 9,190,502 11/17/2015 GREENTHREAD, LLC 

3 1 o,s·1 o,842 12/H/20'19 GREENTHREAD, LLC 

4 10,734,481 8/4/2020 GREENTHREAD, LLC 

5 11,121,222 9/14/2021 GREENTHREAD, LLC 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment • Answer • Cross Bill • Other Pleadrng 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n. the above----·entitied case, the following decision has been rendered or judgement issued: 

DECJSIONiJUDGEMENT 

I (llYJ DEPUTY (WRK 

Co1iy 1-----Upon initiatioll of action, mail this copy to Director Copy 3-----lJiion termination of adion, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 

Intel Ex. 1002 
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