PTO/SB/47 (03-09)

Approved for use through 07/31/2018. OMB 0651-0016

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

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

[ “FEE ADDRESS” INDICATION FORM
Address to: Fax to:

Mail Stop M Correspondence 571-273-6500
Commissioner for Patents -OR -

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

|:| Customer Number: 96879

OR

|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

9,450,579 14/833,076

Completed by (check one):

|:|Applicantllnventor /James W. Chang/
Signature
IEAﬂorney or Agent of record_ 02,718 James W. Chang
(Reg. No.) Typed or printed name
|:|Assignee of record of the entire interest. See 37 CFR 3.71. _(949) 336-1454
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number
(Form PTO/SB/96)
|:|Assignee recorded at Reel Frame_ JUIy 1 6’ 201 8
Date

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one

signature is required, see below™*.
I:I * Total of forms are submitted.

This collection of information is required by 37 CFR 1.363. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and 1.14. This colle ction is estimated to take 5 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. Depar tment of Commerce, P.O. Box 1450, Alex andria, VA 22313- 1450. DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

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

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

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

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

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

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

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

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

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

EFS ID: 33189034
Application Number: 14833076
International Application Number:
Confirmation Number: 3042

Title of Invention:

RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION

DISTORTION
First Named Inventor/Applicant Name: Anuj Madan
Customer Number: 115870

Filer:

James W. Chang

Filer Authorized By:

Attorney Docket Number:

75900-50031D1

Receipt Date: 16-JUL-2018
Filing Date: 22-AUG-2015
Time Stamp: 15:59:14

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
133095
2018-07-16_Fee-
1 Change of Address by no 2
Address_75900_50031 D1 pdf dbOa0eb6da3fla32d279b1c162c13b257d2
Warnings:
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Information:

Total Files Size (in bytes){ 133095

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/833,076 09/20/2016 9450579 75900-50031D1 3042
115870 7590 08/31/2016
Chang & Hale LLP
4199 Campus Drive

Suite 550, #115
Irvine, CA 92612

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 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 hitp://pair.uspto.gov for additional applicants):

Anuj Madan, Cambridge, MA;

SKYWORKS SOLUTIONS, INC., Woburn, MA
Fikret Altunkilic, North Andover, MA;
Guillaume Alexandre Blin, Carlisle, MA;

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

IR103 (Rev. 10/09)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

115870 7590 0512712016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Fernando Hale & Chang LLP States Postal Service with sufficient postage for first class mail in an envelope
4199 C Dri addressed to the Mail Stop ISSUE FEE address above, or being facsimile

7~ L.ampus Drive transmitted to the USPTO (571) 273-2885, on the date indicated below.

Suite 550, #115 -
Irvine, CA 92612 (Depostors memne)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/833,076 08/22/2015 Anuj Madan 75900-50031D1 3042
TITLE OF INVENTION: RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION DISTORTION
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/29/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, TUAN HOANG 2647 455-083000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list n 1
CER 1.363). (1) The names of up to 3 registered patent attorneys 1 C ang & Hale LLP
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Skyworks Solutions, Inc. Woburn, MA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

Issue Fee [ A check is enclosed.

[ Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.

[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

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

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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 /Alan T. Hale/ Date 2016-08-24
Typed or printed name Alan T. Hale Registration No. 68 ’ 226
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 14833076

Filing Date: 22-Aug-2015

Title of Invention:

RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION

DISTORTION
First Named Inventor/Applicant Name: Anuj Madan
Filer: Alan Troy Hale
Attorney Docket Number: 75900-50031D1
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl Issue Fee 1501 1 960 960
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.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 26735661
Application Number: 14833076
International Application Number:
Confirmation Number: 3042

Title of Invention:

RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION
DISTORTION

First Named Inventor/Applicant Name: Anuj Madan
Customer Number: 115870
Filer: Alan Troy Hale

Filer Authorized By:

Attorney Docket Number:

75900-50031D1

Receipt Date: 24-AUG-2016
Filing Date: 22-AUG-2015
Time Stamp: 14:55:58

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $960

RAM confirmation Number

082516INTEFSW14564700

Deposit Account

0585

Authorized User

Alan Hale

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
161932
1 Issue Fee Payment (PTO-85B) 2016-08-24_lssueFeePaid.pdf no 1
5d5f7f4e4147fc4351f8eeb9955bb96cdc90)
b90e
Warnings:
Information:
30467
2 Fee Worksheet (SB06) fee-info.pdf no 2
27a24e59b8c0d4ec65df1fb6788eb7cS5b3b)
Warnings:
Information:
Total Files Size (in bytes){ 192399

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
115870 7590 05/27/2016
Fernando Hale & Chang LLP NGUYEN, TUAN HOANG
4199 Campus Drive
Suite 550, #115 I ART UNIT PAPERNUMBER |
Irvine, CA 92612 2647
DATE MAILED: 05/27/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. [ CONFIRMATION NO.
14/833,076 08/22/2015 Anuj Madan 75900-50031D1 3042

TITLE OF INVENTION: RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION DISTORTION

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/29/2016

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:

L. 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 (f 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

115870 7590 0512712016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Fernando Hale & Chang LLP States Postal Service with sufficient postage for first class mail in an envelope
4199 C Dri addressed to the Mail Stop ISSUE FEE address above, or being facsimile

7~ L.ampus Drive transmitted to the USPTO (571) 273-2885, on the date indicated below.

Suite 550, #115 -
Irvine, CA 92612 (Depostors memne)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/833,076 08/22/2015 Anuj Madan 75900-50031D1 3042
TITLE OF INVENTION: RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION DISTORTION
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 08/29/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, TUAN HOANG 2647 455-083000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). : 1
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

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

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [  CONFIRMATION NO. |
14/833,076 08/22/2015 Anuj Madan 75900-50031D1 3042
I EXAMINER |
115870 7590 05/27/2016
Fernando Hale & Chang LLP NGUYEN, TUAN HOANG
4199 Campus Drive
Suite 550, #115 I ART UNIT PAPERNUMBER |
Irvine, CA 92612 2647

DATE MAILED: 05/27/2016

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

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

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

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

Page 3of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/833,076 MADAN ET AL.
H il i i AlA (First Inventor to File)
Notice of Allowability _EGZ“':”NGUYEN 2&;’““ Statue
No

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

1. X This communication is responsive to 04/04/2016.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3. [X] The allowed claim(s) is/are 1-6 and 9-20. 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 hitp://www. usnlo.cov/patents/inil _evenis/nph/index.sp or send an inquiry to FPHfegdback@uspto.goy .

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

a)[d Al b)y[JSome *c) ] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ 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. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

O 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 nhumber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

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

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

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

/Tuan H. Nguyen/
Primary Examiner
Art Unit 2647

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160516
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Application/Control Number: 14/833,076 Page 2
Art Unit: 2647

The present application is being examined under the pre-AlA first to invent

provisions.

DETAILED ACTION

1. The applicant’s remarks, filed on 04/04/2016, have been carefully reviewed with
updated search. Claims 1-6 and 9-20 are allowed over the prior art record. Claims 7 and

8 are canceled.

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
2. Any response to this action should be mailed to:
Mail Stop (Explanation, e.g., Amendment or After-final, etc.)

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
Facsimile responses should be faxed to:

(571) 273-8300
Hand-delivered responses should be brought to:

Customer Service Window

EX-
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Application/Control Number: 14/833,076 Page 3
Art Unit: 2647

Randolph Building
401 Dulany Street
Alexandria, VA 22313

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tuan H. Nguyen whose telephone number is (§71) 272-
8329. The examiner can normally be reached on 8:00Am - 5:00Pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Maung Nay A. can be reached on (571) 272-7882. The fax phone number
for the organization where this application or proceeding is assigned is (571) 273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

/Tuan H. Nguyen/

Primary Examiner
Art Unit 2647

EX-
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 14833076 MADAN ET AL.
Examiner Art Unit
TUAN H NGUYEN 2647
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | | Interference 0] Objected
[J Claims renumbered in the same order as presented by applicant O cpA O T.D. O R.1.47
CLAIM DATE
Final Original [12/28/2015 |05/16/2016
1 1 v =
2 2 v =
3 3 v _
4 4 v =
5 5 v =
6 6 v =
7 v
8 v
9 v =
10 v =
9 11 v =
10 12 v =
11 13 v =
12 14 % =
13 15 v =
14 16 v =
15 17 v =
16 18 v =
17 19 v =
18 20 v =

U.S. Patent and Trademark Office

Part of Paper No. : 20160516
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ;435076 MADAN ET AL
‘mmH“H““““HH““H “ m““ “‘ - o

TUAN H NGUYEN 2647
CPC
Symbol Type Version
HO3K il 47 F 2013-01-01
Ho4B 1 I 2013-01-01
Ho4B 1 I 2013-01-01
HO3K 17 I 2013-01-01
HO3K 2217 A 2013-01-01
HO3K 2217 A 2013-01-01
Ho1L 21 I 2013-01-01
Ho1L 27 I 2013-01-01
Ho1L 27 I 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE

Total Claims Allowed:

18
(Assistant Examiner) (Date)
/TUAN H NGUYEN/
Primary Examiner.Art Unit 2647 05/16/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20160516
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14833076 MADAN ET AL.
INRRMAINATR ==
TUAN H NGUYEN 2647
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
455 83 H| o B 1/ 44 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
18
(Assistant Examiner) (Date)
/TUAN H NGUYEN/
Primary Examiner.Art Unit 2647 05/16/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20160516
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 4535076 MADAN ET AL

H“m H‘“ “W m“ “m “H “ m““ “‘ e o

TUAN H NGUYEN 2647
O Claims renumbered in the same order as presented by applicant O CPA O 7D O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 15 17

2 2 16 18

3 3 17 19

4 4 18 20

5 5

6 6

7
8

7 9

8 10

9 1

10 12

11 13

12 14

13 15

14 16
NONE

Total Claims Allowed:
18
(Assistant Examiner) (Date)
/TUAN H NGUYEN/
Primary Examiner.Art Unit 2647 05/16/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20160516
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits Search Query DBs Default {Plurals {iTime
# Operator Stamp
L1 162969 semiconductor$1 near3 die Us OR ON 2016/05/16
PGPUB; 14:07
USPAT;
USCOCR;
FPRS
L2 1593168 iisemiconductor$i near3 substrate Us OR ON 2016/05/16
PGPUB; 14:08
USPAT;
USCOCR;
FPRS
L3 27463 1and L2 us OR ON 2016/05/16
PGPUB; 14:08
USPAT;
USCOCR;
FPRS
L4 6464 (stack$3 near3 (field adj2 effect$3 adj2 {US OR ON 2016/05/16
transistor$1) FET) near3 (connect$3 PGPUB; 14:24
coupl$3) near3 ser$3 USPAT;
USCOCR;
FPRS
L5 {15843 capacitor$1 near3 form$3 near3 us OR ON 2016/05/16
semiconductor$1 near3 substrate PGPUB; 14:45
USPAT;
USCOCR;
FPRS
L6 1587 switch$3 near3 form$3 near3 us OR ON 2016/05/16
semiconductor$1 near3 substrate PGPUB; 14:45
USPAT;
USCOCR;
FPRS
L7 #§100 L5 and L6 us CR ON 2016/05/16
PGPUB; 14:45
USPAT;
USCOCR,;
FPRS
L8 9 4 and L7 us CR ON 2016/05/16
PGPUB; 14:45
USPAT
9 96 2 and L7 us OR ON 2016/05/16
PGPUB; 14:46
USPAT
L10 23297 (H04B1/44 OR H04B1/48 OR us CR ON 2016/05/16
H04B15/005 OR H04B15/00 OR PGPUB; 14:46
H04B15/02 OR H04B1/10 OR H04B1/04 {j USPAT;
OR H04B7/0602 OR HO3H19/004 OR USOCR;
HO3H2210/025).CPC. FPRS
L11 §3 9 and L10 us OR ON 2016/05/16
PGPUB; 14:46
USPAT
' N
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EAST Search History

L12 43

(shunt adj2 arm) same
(semiconductor$1 near3 substrate)

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2016/05/16

14:47

L13 {1687

(shunt adj2 arm)

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2016/05/16

14:48

L14 47

7 and 13

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2016/05/16

14:48

L15 {33

Anuj near3 Madan.in.

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2016/05/16

14:48

L16 {35

Fikret near3 Altunkilic.in.

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2016/05/16

14:49

L17 {37

Guillaume near3 Alexandre near3
Blin.in.

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2016/05/16

14:49

L18 {10

3and 7

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2016/05/16

14:51

L19 {6

15 and 18

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

16 and 18

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2016/05/16

14:51

2016/05/16

14:51

21 {6

17 and 18

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2016/05/16

14:51

22 {4

(capacitor$1 near3 form$3 near3
semiconductor$1 near3 substrate) same
((connect$3 coupl$3) near3 ser$3)
same (switch$3 near3 circuit$3)

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2016/05/16

15:10

S2 {5745

capacitor$1 near3 form$3 near3
semiconductor$1 near3 substrate

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

10:21

EASTSearchHistory.14833076_AccessibleVersion.htm[5/16/2016 3:31:18 PM]

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0024



EAST Search History

1538

switch$3 near3 form$3 near3
semiconductor$1 near3 substrate

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:21

97

&2 and S3

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:21

22620

(HO04B1/44 OR H04B1/48 OR
H04B15/005 OR H04B15/00 OR
HO4B15/02 OR H04B1/10 OR H04B1/04
OR H04B7/0602 OR HO3H19/004 OR
HO3H2210/025).CPC.

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:47

S7

4 and S6

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:47

S14

26464

((radio adj2 frequenc$3) RF) adj3
switch$3

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S15

4 and S14

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S16

29

Anuj near3 Madan.in.

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S17

4 and S16

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S18

28

Fikret near3 Altunkilic.in.

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S19

4 and S18

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S20

31

Cuillaume near3 Alexandre near3
Blin.in.

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
10:48

S21

&4 and S20

us

PGPUB;
USPAT;
USOCR;

FPRS

OR

ON

2015/12/22
10:48
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EAST Search History

S22

1342

(reduc$3 decreas$3 lower) near3
intermodulat$3 near3 distort$3

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

13:19

S23

5745

capacitor$1 near3 form$3 near3
semiconductor$1 near3 substrate

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

13:19

S24

1538

switch$3 near3 form$3 near3
semiconductor$1 near3 substrate

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

13:19

S25

97

3 and S24

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

13:19

S26

22 and S25

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

13:19

S27

S22 and S24

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:20

528

6292

((stack$3 near3 field adj2 effect$3 adj2
transistor$1) FET) near3 (connect$3
coupl$3) near3 ser$3

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:42

S29

25 and S28

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

23 and S28

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:42

2015/12/22

13:51

S31

41

24 and S28

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:51

S32

7756

capacit$4 near3 (connect$3 coupl$3)
near3 antenna$3

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:53

S33

S31 and S32

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

13:53

EASTSearchHistory.14833076_AccessibleVersion.htm[5/16/2016 3:31:18 PM]

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0026



EAST Search History

s34

24

S31 and ((transmi$6 receiv$3
transceiv$3) near3 (device$1 unit$1
module$1 apparatus))

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
14:45

S35

333011

((radio adj2 frequenc$3) RF) near3
signal$ 1

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
14:47

S36

19

S34 and S35

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
14:47

S37

3450708

((transmi$6 receiv$3 transceiv$3) nearl
(device$1 unit$1 module$1 apparatus))

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:16

S38

202701

S35 and S37

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:16

S39

25 and S38

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:17

$40

64

24 and S38

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:18

S

35

&23 and S38

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:18

$42

S22 and $40

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
15:18

$43

19

28 and $40

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
16:26

S44

576222

semiconductor$1 near3 substrate

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22
16:32

45

218001

(silicon near3 insulat$3)

us

PGPUB;
USPAT;
USOCR;

FPRS

OR

ON

2015/12/22
16:33

EASTSearchHistory.14833076_AccessibleVersion.htm[5/16/2016 3:31:18 PM]

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0027



EAST Search History

S46

13

S31 and $45

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

16:34

47

78209

((field adj2 effect$3 adj2 transistor$1)
FET) same insulat$3

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

16:47

S48

18

A0 and 47

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

16:47

$49

18

S38 and $48

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

16:48

S50

279250

(silicon near3 insulat$3) SOI

us

PGPUB;
USPAT;
USCOCR,;
FPRS

OR

ON

2015/12/22

17:41

S51

592

S8 and S50

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

17:41

S52

175

S37 and Sh1

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

17:42

S53

10

24 and Sh2

us

PGPUB;
USPAT;
USOCR;
FPRS

OR

ON

2015/12/22

17:42

5/16/2016 3:31:13 PM

C:\ Users\ thguyen90\ Documents\ EAST\ Workspaces\ 14833076.wsp

EASTSearchHistory.14833076_AccessibleVersion.htm[5/16/2016 3:31:18 PM]

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0028



Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14833076 MADAN ET AL.
TUAN H NGUYEN 2647
CPC- SEARCHED
Symbol Date Examiner
H04B1/44. 5/16/2016 T.N
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
H04B1/48,H04B15/005. 5/16/2016 T.N
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner
All searches are on EAST data base. 5/16/2016 T.N
Updated search above. 5/16/2016 T.N
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
See search above. 5/16/2016 TN

U.S. Patent and Trademark Office

Part of Paper No. : 20160516

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0029



75900-50031D1 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant  : Skyworks Solutions, Inc.
App.No.  : 14/833,076

Filed : August 22, 2015

Title . RADIO FREQUENCY DEVICES

HAVING REDUCED
INTERMODULATION DISTORTION
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RESPONSE TO FINAL OFFICE ACTION DATED JANUARY 4, 2016

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
In response to the pending Office Action, the Applicant requests that the above-
identified application be considered in view of the following amendments and remarks:
Amendments to the Claims are reflected in the listing of claims which begins on
page 2 of this paper.
Remarks begin on page 7 of this paper.
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AMENDMENTS TO THE CLAIMS

The following listing of claims replaces all prior versions thereof. Changes are
shown below in highlighted form, where insertions appear as underlined text (e.g.,
insertions) while deletions appear as strikethrough text (e.g., deletiens) or double
brackets (e.g., [[deletions]]).

1. (Currently amended) A semiconductor die comprising:

a semiconductor substrate;

a first switch circuit formed on the semiconductor substrate anrd-reluding
a-stack-ot-tield-ettecttransistors{FETFs}-cennected-ir-series connected between

an antenna node and a transmit node; [[and]]

a second switch circuit formed on the semiconductor substrate and

connected between the antenna node and a receive node;

a first capacitor formed on the semiconductor substrate and connected in

series with the first switch circuit between the first switch circuit and the antenna

node;

a second—the capacitor formed on the semiconductor substrate and

connected in series with the second switch circuit between the second switch
circuit and the antenna node; and cenfigured-to-inhibitalow-frequency-blocker
. g - ith o fund Lg . Lint el

a first shunt arm formed on the semiconductor substrate and connected to

the first switch circuit and the transmit node, the first shunt arm including a third

switch circuit connected to ground.

2. (Currently amended) The semiconductor die of claim 1 further comprising

an insulator layer disposed between the first and second switch circuits stack-etFEFs

and the semiconductor substrate.

75900-50031D1 -2-
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3. (Currently amended) The semiconductor die of claim 2 wherein the
semiconductor die is a silicon-on-insulator (SOI) die.

4. (Currently amended) The semiconductor die of claim 1 wherein the staek
of FETs first shunt arm includes a third capacitor connected in series with the first
switch circuit between the first switch circuit and the transmit node silicen-on-instiater

(SONEETs.

5. (Currently amended) The semiconductor die of claim [[1]] 4 _further

comprising a second shunt arm connected to the second switch circuit and the receive

node, the second shunt arm including a fourth switch circuit connected to ground

horsint L I .

6. (Currently amended) The semiconductor die of claim 5 wherein the
second shunt arm includes a fourth capacitor connected in series with the second
switch circuit is—dispesed between the second switch circuit and the receive antennra
node.

7. (Cancelled)
8. (Cancelled)

9. (Currently amended) A method for operating a radio-frequency (RF)
device, the method comprising:

providing an RF device including a first switch circuit connected between

an_antenna node and a transmit node, a second switch circuit connected

between the antenna node and a receiver node, a first capacitor connected in

series with the first switch circuity between the first switch circuit and the antenna

node, a second capacitor connected in_series with the second switch circuit

between the second switch circuit and the antenna node, and a first shunt arm

75900-50031D1 -3-
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connected to the first switch circuit and the transmit node, the first shunt arm

including a third switch circuit connected to ground:;

controlling an RF switch of the RF device by placing the first switch circuit

neludi lurality of ficld-off , EETs ¥ oy
first-and-second-nodes-so-thatthe FETsare-collectively in an ON state [[or]] and

placing the third switch circuit in an OFF state; and

inhibiting a low-frequency blocker signal from mixing with a fundamental-
frequency signal in the RE switch using [[a]] the first capacitor connected-in
. it 4 el I el Liho f o,

10.  (Currently amended) The method of claim 9 wherein the first switch circuit
is plurality of FETs-is formed on an insulator layer disposed between the first switch
circuit FEFs and a semiconductor substrate.

11.  (Currently amended) The method of claim 9 wherein the RE switch is a

silicon-on-insulator (SOI) switch.

12.  (Currently amended) The method of claim 9 wherein the first shunt arm
includes a third capacitor connected in series with the first switch circuit between the
first switch circuit and the transmit node firstrode-is-an-antennanode.

13.  (Currently amended) The method of claim [[9]] 12 wherein the RF device

further includes a second shunt arm connected to the second switch circuit and the

receive _node, the second shunt arm including a fourth switch circuit connected io

ground the
o i BE o | odf I .

14.  (Currently amended) The method of claim [[9]] 13 wherein the second

shunt arm includes a fourth capacitor connected in series with the second switch circuit

75900-50031D1 -4-
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between the second switch circuit and the receive node switeh-is-part-et-a-transmitpath

15.  (Currently amended) A wireless device comprising:

a transceiver configured to process RF signals;

an antenna in communication with the transceiver; and

a switch module interconnected to the antenna and the transceiver and
configured to selectively route RF signals to and from the antenna, the switch
module including a first switch inreluding-a-stack-oftield-eHfecttransistors (FETs)
connected between the antenna and a transmit node, a second switch connected
between the antenna and a receive node, a first irseries—the—-switch—medule
further-including-a capacitor connected in series with the first switch between the
first switch and the antenna, a second capacitor connected in series with the

second switch between the second switch and the antenna, and a first shunt arm

connected to the first switch and the transmit node, the first shunt arm including a

third switch connected to ground;—the—eapaciter—centfigured—to—inhibita—low-

16.  (Currently amended) The wireless device of claim 15 wherein the first

switch is formed on a silicon-on-insulator (SOI) die of the wireless device.

17.  (Currently amended) The wireless device of claim 15 wherein the first

capacitor is part of the same semiconductor die as the first switch stack-ofFETs.

18.  (Currently amended) The wireless device of claim 15 wherein the first
shunt arm includes a third capacitor connected in series with the first switch between

the first switch and the transmit node eapacitor-is-disposed-between-the-switch-and-the
antenna.
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EX-

1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0034



Application No.: 14/833,076
Filing Date: August 22, 2015

19.  (Currently amended) The wireless device of claim [[15]] 18 wherein the
switch module further includes a second shunt arm connected to the second switch and

the receive node, the second shunt arm including a fourth switch connected to ground

20.  (Currently amended) The wireless device of claim [[15]] 19 wherein the

second shunt arm includes a fourth capacitor connected in series with the second

switch between the second switch and the receive node switch-is—partof atransmit

75900-50031D1 -6-
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REMARKS

By way of summary, claims 1-20 were pending in this application. In the present
amendment, the Applicant has amended claims 1-6 and 9-20 without prejudice or
disclaimer to previously pending versions thereof and cancelled claims 7 and 8.

Accordingly, claims 1-6 and 9-20 remain pending for consideration.

Rejection of Claims Under 35 U.S.C. § 101
The Office Action rejected claims 1-20 under 35 U.S.C. § 101 as allegedly being

directed to non-statutory subject matter. The Office Action asserts that the claims “are

not significantly more than an abstract idea.” Office Action at pp. 2-3. However, the
Office Action does not present a prima facie case of patent ineligibility. The Applicant
references the USPTO’s “July 2015 Update: Interim Eligibility Guidance Quick
Reference Sheet” (Alice Update), which states that:

a prima facie case of eligibility requires the examiner to explain why a
claim or claims are unpatentable clearly and specifically, so that applicant
has sufficient notice and is able to effectively respond. For subject matter
eligibility, the examiner’s burden is met by clearly articulating the reason(s)
why the claimed invention is not eligible, for example by providing a
reasoned rationale that identifies the judicial exception recited in the
claim and why it is considered an exception, and that identifies the
additional elements in the claim (if any) and explains why they do not
amount to significantly more than the exception.

(emphasis added). The Office Action fails to identify what the abstract idea is (see Alice
Update at p. 2, identifying four categories of abstract ideas: (1) “fundamental economic
practices,” (2) “methods of organizing human activity,” (3) “mathematical
relationships/formulas,” (4) “ideas ‘of themselves’ that can be performed in the human
mind”). The Applicant asserts that the claimed “semiconductor dies,” methods for
operating radio-frequency devices,” and “wireless devices” are not directed to any of the

recognized categories of abstract ideas.

75900-50031D1 -7-
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Furthermore, the Office Action fails to identify the remaining elements of the
claims and explain why they do not amount to significantly more than the abstract idea,
whatever it may be. The claims recited switches, transistors, and capacitors in various
configurations. The Applicant submits that such elements amount to significantly more
than any abstract idea. In addition, the Applicant has amended the claims herein to
include additional elements that further clarify the subject matter eligibility of the claims.
Therefore, the Applicant asserts that the claims satisfy the requirements of § 101, and
requests that the rejection of the claims under § 101 be withdrawn.

Rejection of Claims Under 35 U.S.C. § 103

The Office Action rejected claims 1-6, 9-12 and 15-18 as allegedly being
unpatentable over U.S. Pat. No. 7,265,604 (Yasuda) in view of U.S. Pub. No.
2011/0260773 (Granger-Jones). The Applicant respectfully traverse the rejections of

the claims for the reasons set forth below.

Independent Claim 1

The Applicant has amended claim 1 herein to recite, among other things:

a first switch circuit formed on the semiconductor substrate
connected between an antenna node and a transmit node;

a second switch circuit formed on the semiconductor substrate and
connected between the antenna node and a receive node;

a first capacitor formed on the semiconductor substrate and
connected in series with the first switch circuit between the first switch
circuit and the antenna node;

a second capacitor formed on the semiconductor substrate and
connected in series with the second switch circuit between the second
switch circuit and the antenna node; and

a first shunt arm formed on the semiconductor substrate and
connected to the first switch circuit and the transmit node, the first shunt
arm including a third switch circuit connected to ground.

(emphasis added). The features of amended claim 1 can be understood with reference
to Figure 9, which is provided in annotated form below:

75900-50031D1 -8-
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The Applicant submits that the cited references fail to disclose or render obvious
the particular configuration claimed in amended claim 1, particularly with respect to the
positioning of the first and second capacitors with respect to the antenna node, and
further with respect to the shunt arm. Therefore, the Applicant respectfully requests that
the rejection of claim 1 be withdrawn.

Independent Claim 9

The Applicant has amended claim 9 to recite, among other things:

providing an RF device including a first switch circuit connected
between an antenna node and a transmit node, a second switch circuit
connected between the antenna node and a receiver node, a first
capacitor connected in series with the first switch circuity between the
first switch circuit and the antenna node, a second capacitor connected
in series with the second switch circuit between the second switch circuit
and the antenna node, and a first shunt arm connected to the first switch
circuit and the transmit node, the first shunt arm including a third switch
circuit connected to ground,;

controlling an RF switch of the RF device by placing the first switch
circuit in an ON state and placing the third switch circuit in an OFF state;
and

inhibiting a low-frequency blocker signal from mixing with a
fundamental-frequency signal in the RF switch using the first capacitor.

75900-50031D1 -9-
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(emphasis added). For at least reasons similar to those discussed above with respect
to claim 1, the Applicant submits that the cited references fail to disclose or render
obvious the features of independent claim 9. Therefore, the Applicant respectfully

requests that the rejection of independent claim 9 be withdrawn.

Independent Claim 15

The Applicant has amended claim 15 to recite, among other things, one or more
processors configured to:

a switch module interconnected to the antenna and the transceiver and
configured to selectively route RF signals to and from the antenna, the
switch module including a first switch connected between the antenna
and a transmit node, a second switch connected between the antenna
and a receive node, a first capacitor connected in series with the first
switch between the first switch and the antenna, a second capacitor
connected in series with the second switch between the second switch
and the antenna, and a first shunt arm connected to the first switch and
the transmit node, the first shunt arm including a third switch connected
to ground.

(emphasis added). For at least reasons similar to those discussed above with respect
to claim 1, the Applicant submits that the cited references fail to disclose or render
obvious the features of independent claim 15. Therefore, the Applicant respectfully

requests that the rejection of independent claim 15 be withdrawn.

Dependent Claims

Claims 2-6, which depend from claim 1; claim 10-14, which depend from claim 9;
and claims 16-20, which depend from claim 20, are believed to be patentable for the
same reasons articulated above with respect to claims 1, 9 and 15, respectively, and

because of the additional features recited therein.

No Disclaimers or Disavowals

Although the present communication may include alterations to the application or

claims, or characterizations of claim scope or referenced art, the Applicant is not

75900-50031D1 -10-
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conceding in this application that previously pending claims are not patentable over the
cited references. Rather, any alterations or characterizations are being made to
facilitate expeditious prosecution of this application. The Applicant reserves the right to
pursue at a later date any previously pending or other broader or narrower claims that
capture any subject matter supported by the present disclosure, including subject matter
found to be specifically disclaimed herein or by any prior prosecution. Accordingly,
reviewers of this or any parent, child or related prosecution history shall not reasonably
infer that the Applicant has made any disclaimers or disavowals of any subject matter
supported by the present application.

Respectfully submitted,

FERNANDO HALE & CHANG LLP

Dated: April 4,2016 By: /Alan T. Hale/
Alan T. Hale
Registration No. 68,226
Attorney of Record
Customer No. 115870
(949) 229-8045
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The present application is being examined under the pre-AlA first to invent

provisions.
DETAILED ACTION
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 08/22/2015 has been

considered by Examiner and made of record in the application file.

Claim Rejections - 35 U$C § 101

2. 35 U.S.C. 101 reads as follows: Whoever invents or discovers any new and
useful process, machine, manufacture, or composition of matter, or any new and useful
improvement thereof, may obtain a patent therefor, subject to the conditions and

requirements of this title.

3. The claimed invention is directed to a judicial exception (i.e., a law of nature, a
natural phenomenon, or an abstract idea) without significantly more. Claims 1-20 are
directed to a semiconductor die comprising: a semiconductor substrate; a switch formed
on the semiconductor substrate and including a stack of field-effect transistors (FETS)
connected in series; and a capacitor formed on the semiconductor substrate and
connected in series with the switch, the capacitor configured to inhibit a low- frequency
blocker signal from mixing with a fundamental-frequency signal in the switch. The

claims do not include additional elements that are sufficient to amount to significantly
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more than the judicial exception because the claims 1-20 are not significantly more than

the abstract idea.

Claim Rejections - 35 USC § 103

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

obviousness rejections set forth in this Office action:

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

5. Claims 1-6, 9-12 and 15-18 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Yasuda et al. (US PAT. 7,265,604 hereinafter, “Yasuda”) in view of

Granger-Jones et al. (U.S PUB. 2011/0260773 hereinafter, “Fu”).

Consider claim 1, Yasuda teaches a semiconductor die comprising: a
semiconductor substrate (col. 5 line 55 through col. 6 line 7); a switch formed on the
semiconductor substrate and including a stack of field-effect transistors (FETSs)
connected in series (Abstract, col. 13 lines 16-41).

Yasuda does not explicitly show that a capacitor formed on the semiconductor
substrate and connected in series with the switch, the capacitor configured to inhibit a
low- frequency blocker signal from mixing with a fundamental-frequency signal in the
switch.

In the same field of endeavor, Granger-Jones teaches a capacitor formed on the

semiconductor substrate and connected in series with the switch, the capacitor
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configured to inhibit a low- frequency blocker signal from mixing with a fundamental-
frequency signal in the switch (page 3 [0033]).

Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to use, a capacitor formed on the semiconductor substrate
and connected in series with the switch, the capacitor configured to inhibit a low-
frequency blocker signal from mixing with a fundamental-frequency signal in the switch,
as taught by Granger-Jones, in order to provide a stacked field effect transistor (FET)
switch having a plurality of FET devices coupled in series to form an FET device stack.
The FET device stack is configured to operate in an open state and in closed state.
During the closed state, the plurality of FET devices is turned on and thus a time-variant
input signal can be transmitted through the FET device stack. On the other hand, in the
closed state, the plurality of FET devices is turned off and the time-variant input signal is

blocked from being transmitted through the FET device stack.

Consider claim 2, Yasuda further teaches an insulator layer disposed between

the stack of FETs and the semiconductor substrate (col. 5 line 55 through col. 6 line 7).

Consider claim 3, Granger-Jones further teaches wherein the die is a silicon-on-

insulator (SQOI) die (page 3 [0030]).

Consider claim 4, Granger-Jones further teaches wherein the stack of FETs

includes silicon-on-insulator (SOI) FETs (page 3 [0030]).
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Consider claim 5, Granger-Jones further teaches wherein the capacitor is

connected to an antenna node (page 8 [0063]).

Consider claim 6, Granger-Jones further teaches wherein the capacitor is

disposed between the switch and the antenna node (page 8 [0063]).

Consider claim 9, Yasuda teaches a method for operating a radio-frequency (RF)
device, the method comprising: controlling an RF switch including a plurality of field-
effect transistors (FETs) connected in series between first and second nodes so that the
FETs are collectively in an ON state or an OFF state (Abstract, col. 10 lines 25-46 and
col. 13 lines 16-41).

Yasuda does not explicitly show that inhibiting a low-frequency blocker signal
from mixing with a fundamental-frequency signal in the switch using a capacitor
connected in series with the switch between the switch and the first node.

In the same field of endeavor, Granger-Jones teaches inhibiting a low-frequency
blocker signal from mixing with a fundamental-frequency signal in the switch using a
capacitor connected in series with the switch between the switch and the first node (col.
2 lines 32-45).

Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to use, inhibiting a low-frequency blocker signal from
mixing with a fundamental-frequency signal in the switch using a capacitor connected in
series with the switch between the switch and the first node, as taught by Granger-

Jones, in order to provide a stacked field effect transistor (FET) switch having a plurality
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of FET devices coupled in series to form an FET device stack. The FET device stack is
configured to operate in an open state and in closed state. During the closed state, the
plurality of FET devices is turned on and thus a time-variant input signal can be
transmitted through the FET device stack. On the other hand, in the closed state, the
plurality of FET devices is turned off and the time-variant input signal is blocked from

being transmitted through the FET device stack.

Consider claim 10, the previous rejections of claim 2 apply mutatis mutandis to

corresponding claim 10.

Consider claim 11, Granger-Jones further teaches wherein the switch is a silicon-

on-insulator (SOI) switch (page 3 [0030]).

Consider claim 12, Granger-Jones further teaches wherein the first node is an

antenna node (page 8 [0063]).

Consider claim 15, Yasuda teaches a wireless device comprising: a transceiver
configured to process RF signals (col. 1 lines 12-17); an antenna in communication with
the transceiver (col. 1 lines 12-17); and a switch module interconnected to the antenna
(col. 1 lines 12-17) and the transceiver and configured to selectively route RF signals to
and from the antenna, the switch module including a switch including a stack of field-
effect transistors (FETs) connected in series (Abstract, col. 1 lines 12-17 and col. 13

lines 16-41).
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Yasuda does not explicitly show that the switch module further including a
capacitor connected in series with the switch, the capacitor configured to inhibit a low-
frequency blocker signal from mixing with a fundamental- frequency signal in the switch.

In the same field of endeavor, Granger-Jones teaches the switch module further
including a capacitor connected in series with the switch, the capacitor configured to
inhibit a low-frequency blocker signal from mixing with a fundamental- frequency signal
in the switch (col. 2 lines 32-45).

Therefore, it would have been obvious to one of ordinary skill in the art at the
time the invention was made to use, the switch module further including a capacitor
connected in series with the switch, the capacitor configured to inhibit a low-frequency
blocker signal from mixing with a fundamental- frequency signal in the switch, as taught
by Granger-Jones, in order to provide a stacked field effect transistor (FET) switch
having a plurality of FET devices coupled in series to form an FET device stack. The
FET device stack is configured to operate in an open state and in closed state. During
the closed state, the plurality of FET devices is turned on and thus a time-variant input
signal can be transmitted through the FET device stack. On the other hand, in the
closed state, the plurality of FET devices is turned off and the time-variant input signal is

blocked from being transmitted through the FET device stack.

Consider claim 16, Granger-Jones further teaches wherein the switch is formed

on a silicon-on-insulator (SOI) die of the wireless device (page 3 [0030]).
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Consider claim 17, Granger-dones further teaches wherein the capacitor is part

of the same semiconductor die as the stack of FETs (page 3 [0030]).

Consider claim 18, the previous rejections of claim 6 apply mutatis mutandis to

corresponding claim 18.

6. Claims 7, 8, 13, 14, 19 and 20 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Yasuda in view of Granger-Jones and further in view of Brindle et al.

(U.S PAT. 8,129,787 hereinafter, “Brindle”).

Consider claim 7, Yasuda and Granger-Jones in combination fail to teach
wherein the switch is part of a receive path, the switch being connected to an output
node for an RF signal received from the antenna.

However, Brindle teaches wherein the switch is part of a receive path, the switch
being connected to an output node for an RF signal received from the antenna (col. 11
lines 48-59).

Therefore, it is obvious to one of ordinary skill in the art at the time the invention
was made to incorporate the disclosing of Brindle into view of Yasuda and Granger-
Jones, in order to control accumulated charge in SOl MOSFETS, thereby improving
nonlinear responses and harmonic and intermodulaton distortion effects in the operation

of the SOl MOSFETSs.
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Consider claim 8, Brindle further teaches wherein the switch is part of a transmit
path, the switch being connected to an input node for an amplified RF signal (col. 17

line 57 through col. 18 line 8).

Consider claim 13, the previous rejections of claim 7 apply mutatis mutandis to

corresponding claim 13.

Consider claim 14, the previous rejections of claim 8 apply mutatis mutandis to

corresponding claim 14.

Consider claim 19, the previous rejections of claim 7 apply mutatis mutandis to

corresponding claim 19.

Consider claim 20, the previous rejections of claim 8 apply mutatis mutandis to

corresponding claim 20.

Conclusion
7. Any response to this action should be mailed to:
Mail Stop (Explanation, e.g., Amendment or After-final, etc.)

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
Facsimile responses should be faxed to:

(571) 273-8300
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Hand-delivered responses should be brought to:
Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22313

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tuan H. Nguyen whose telephone number is (571)272-
8329. The examiner can normally be reached on 8:00Am - 5:00Pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Maung Nay A. can be reached on (571)272-7882. The fax phone number
for the organization where this application or proceeding is assigned is (571)273-8300.

Information Consider the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

/Tuan H. Nguyen/
Primary Examiner
Art Unit 2647
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NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Anuj Madan, Cambridge, MA;
Fikret Altunkilic, North Andover, MA;
Guillaume Alexandre Blin, Carlisle, MA;
Applicant(s)
SKYWORKS SOLUTIONS, INC., Woburn, MA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a DIV of 13/936,175 07/06/2013
which claims benefit of 61/669,045 07/07/2012

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 - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 09/04/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/833,076

Projected Publication Date: 12/17/2015

Non-Publication Request: No
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Early Publication Request: No
Title

RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION DISTORTION
Preliminary Class

455
Statement under 37 CFR 1.55 or 1.78 for AlA (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 USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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-HALT (1-866-999-4258).
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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).

SelectUSA

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
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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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 Infermation 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 record s.

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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A RF switch circuit (20} is fabricated in a silicon-on-insulator "SOI" fechnology. The R switch circuit (20) includes
pairs of switching and shunting transistor grouping (33, 34, 37, 38) used fo alternatively coupled RF input signals
(RFt, RF2) to a common RF node (38). The switching and shunting transistor groupings (33, 34, 37, 38} comptise
one or more MSFET transistors connected together in o "stacked” or serial configuration. The stacking of transistor
groupings{ 33, 34), associated gate rasistors incraase the breakdown voltage across the series connected switch
fransistors and operate to improve RF swiich compression. A fully integrated RF swilch is described including digital
control logic (110} and a negative voltage generator (120} integrated together with the RF switch elements (30}.; in
one embodiment, the fully integrated RF switch includes a buiit-in oscillator (202}, a charge pump circuit (208), a level
shifting, voltage divider circuits (500), and an BF buifer circuit {400). The inventive RF switch (20) provides
improvements in insertion loss, swiich isolation, and switch compression.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.#%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim 1]

(a) A first input port that receives a first RF input signal,

(b) A second input port which receives a second RF input signal,

(c) RF common port,

(d) A first switch transistor group who has a first node combined with said first input port, and
the second node combined with the aforementioned RF common port, and is controlled by a
switch control signal (SW),

(e) A second switch transistor group who has a first node combined with said second input port,
and the second node combined with the aforementioned RF common port, and is controlled by
an inversion signal (SW_) of the aforementioned switch control signal (SW),

(f) A first shunt transistor group who has a first node combined with said second input port, and
the second node combined with a ground, and is controlled by the aforementioned switch control
signal (SW),

(g) A second shunt transistor group who has a first node combined with said first input port, and
the second node combined with a ground, and is controlled by an inversion signal (SW_) of the
aforementioned switch control signal (SW),

It is an RF switching circuit for switching ****** and an RF signal,

When the aforementioned switch control signal SW is effective, while said first switch transistor
group and said first shunt transistor group operate, Become non-operative [ said second switch
transistor group and said second shunt transistor group ], and by that cause, Pass said first RF
input signal to the aforementioned RF common port, shunt said second RF input signal to a
ground, and when the aforementioned switch control signal SW is un-effective, While said
second switch transistor group and said second shunt transistor group operate, An RF switching
circuit which said first switch transistor group and said first shunt transistor group become non-
operative, pass said second RF input signal to the aforementioned RF common port by that
cause, and shunts said first RF input signal to a ground.

[Claim 2]

The RF switching circuit according to claim 1 manufactured in silicon on insulator (SOI)
technology.

[Claim 3]

The RF switching circuit according to claim 1 manufactured on an ultra-thin silicon ("UTSi")
substrate.

[Claim 4]

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.
0164



Said perfect insulation sapphire wafer the joint effect of a substrate by decreasing including an
MOSFET transistor by which the aforementioned transistor group is formed in a thin silicon
layer on a perfect insulation sapphire wafer, The RF switching circuit according to claim 3 which
improves the performance characteristic of the aforementioned RF switch.

[Claim 5]

The RF switching circuit according to claim 4 which decrease in number when switch insertion
loss decreases on resistance of the aforementioned MOSFET transistor.

[Claim 6]

The RF switching circuit according to claim 4 improved when the switch separation
characteristics of the aforementioned RF switch decrease parasitic capacitance between nodes of
the aforementioned MOSFET transistor.

[Claim 7]

The RF switching circuit according to claim 3 where the aforementioned transistor group
contains two or more MOSFET transistors arranged at laminated constitution.

[Claim 8]

The RF switching circuit according to claim 7 where the aforementioned gate resistance machine
is usually controlled by switching voltage including gate nodes by which the aforementioned
lamination MOSFET transistor was combined with each related gate resistance machine.

[Claim 9]

The RF switching circuit according to claim 8 by which the aforementioned gate resistance
machine combined with a transistor gate node of said first switch transistor group and said first
shunt transistor group is usually controlled by the aforementioned switch control signal SW.
[Claim 10]

The RF switching circuit according to claim 8 where the aforementioned gate resistance machine
combined with a transistor gate node of said second switch transistor group and said second
shunt transistor group is usually controlled by aforementioned reversing-switch control signal
SW_.

[Claim 11]

Have the gate capacitance to which the aforementioned MOSFET transistor relates, and a RC
time constant relevant to each MOSFET transistor in the aforementioned transistor group, The
RF switching circuit according to claim 8 where it is a function of the aforementioned gate
resistance machine and the aforementioned related gate capacitance, the aforementioned RC time
constant of each transistor exceeds a cycle of the aforementioned RF input signal far, and RF
voltage is equally shared by it by the aforementioned whole MOSFET transistor.

[Claim 12]

Breakdown voltage of two or more aforementioned whole lamination MOSFET transistors of a
selected transistor group, The RF switching circuit according to claim 8 where it is increased
effectively [ breakdown voltage of an individual MOSFET transistor of a transistor group who
chose / aforementioned ] n times, and n includes the total of an MOSFET transistor in a transistor
group who chose [ aforementioned ].

[Claim 13]

The RF switching circuit according to claim 12 which has a related 1-dB compression point and
increases the aforementioned 1-dB compression point using the aforementioned lamination
MOSFET transistor composition.

[Claim 14]

Said first RF input signal and said second RF input signal have a related input power level, and
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an input power level which increased by increasing the number of MOSFET transistors for every
transistor group, The RF switching circuit according to claim 7 which can be adjusted in the
aforementioned RF switching circuit.

[Claim 15]

Said first RF input signal and said second RF input signal have a related input power level, and
by changing physical size of a transistor which uses an input power level which increased for a
transistor group's realization, The RF switching circuit according to claim 7 which can be
adjusted in the aforementioned RF switching circuit.

[Claim 16]

(a) An RF switching circuit of a description to Claim 3,

(b) A control logic block which outputs the aforementioned switch control signal (SW) and the
aforementioned reversing-switch control signal (SW_) and which was combined with the
aforementioned RF switching circuit,

(c) A negative voltage generator combined with the aforementioned control logic block which
receives positive power supply voltage of a clock input signal and an external power, and outputs
negative power supply voltage,

wkxkkk an RF switching circuit integrated completely.

[Claim 17]

The RF switching circuit according to claim 16 on which the aforementioned RF switching
circuit is accumulated by integrated circuit (IC) with two or more digital circuits and analog
circuitry and which was integrated completely.

[Claim 18]

(a) An oscillator which outputs a clock input signal,

(b) A charge pump which is combined with the aforementioned oscillator which inputs the
aforementioned clock input signal, and outputs negative power supply voltage,

(c) A logic circuit block which outputs a control signal which is combined with the
aforementioned charge pump and used for control of the aforementioned switch transistor group
and the aforementioned shunt transistor group,

(d) A level shift circuit which decrease in number a gate drain, a gate source, and drain source
voltage of an MOSFET transistor used in order to be combined with the aforementioned logic
circuit block and the aforementioned RF switching circuit and to realize the aforementioned
transistor group,

(e) An RF buffer circuit which is combined with the aforementioned RF switching circuit and
separates RF signal energy from the aforementioned electric charge pump block and the
aforementioned logic circuit block,

The RF switching circuit according to claim 16 which is included in a pan and which was
integrated completely.

[Claim 19]

The aforementioned charge pump,

(a) At least two P channel MOS FET transistors,

(b) An N-channel metal oxide semiconductor FET transistor which it is at least two N-channel
metal oxide semiconductor FET transistors, and each is combined with each related P channel
MOS FET transistor and series, and forms each leg of the aforementioned charge pump by it,
(c) At least one joint capacitor which combines each leg of the aforementioned charge pump
combined with a continuation leg,

(d) An output capacitor combined with an output leg of the aforementioned charge pump,
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An implication,

Since the aforementioned P channel MOS FET transistor and the aforementioned N-channel
metal oxide semiconductor FET transistor are driven for the aforementioned negative power
supply voltage, The RF switching circuit according to claim 18 which is generated with the
aforementioned charge pump by using a non-overlapping input clock signal, and charging and
discharging alternately the aforementioned joint capacitor and the aforementioned output
capacitor and which was integrated completely.

[Claim 20]

The RF switching circuit according to claim 19 where a first non-overlapping clock control
signal controls P channel transistor including two non-overlapping clock control signals in the
aforementioned non-overlapping input clock signal, and a second non-overlapping clock control
signal controls N channel transistor and which was integrated completely.

[Claim 21]

The RF switching circuit according to claim 19 whose aforementioned P channel transistor and
aforementioned N channel transistor are single threshold value transistors and which was
integrated completely.

[Claim 22]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal is generated by pulse shift circuit and which was integrated completely.

[Claim 23]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal is pulled out from the aforementioned oscillator clock input signal and which was
integrated completely.

[Claim 24]

The RF switching circuit according to claim 19 where the aforementioned oscillator contains a
relaxation oscillator and which was integrated completely.

[Claim 25]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal changes by a voltage swing from -Vdd to +Vdd and which was integrated
completely.

[Claim 26]

The RF switching circuit according to claim 18 where the aforementioned level shift circuit
contains two or more inverters combined with both feedback composition and which was
integrated completely.

[Claim 27]

In the aforementioned inverter, the aforementioned level shift circuit including a first difference
input, a second difference input, a logic input, and fanout,

(a) Are an input inverter group containing two input differential inverters, and a first input
differential inverter receives a logic-input signal (input), An input inverter group to whom a first
logic-input signal (in) is outputted, and a second input differential inverter receives said first
logic-input signal (in), and outputs reverse (in_) of said first logic-input signal,

(b) He is a first inverter group containing three differential inverters, The aforementioned fanout
of a first inverter in said first inverter group, It is combined with said first logic-input signal (in),
and the aforementioned fanout of said first inverter, It is combined with a first difference input of
output inverters in said first inverter group, The aforementioned fanout of a second inverter in
said first inverter group, A first inverter group to whom it is combined with a second difference
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input of the aforementioned output inverters in said first inverter group, and said first inverter
group's aforementioned output inverters output a first output signal (out),

(c) He is a second inverter group containing three differential inverters, The aforementioned
fanout of said second inverter group's first inverter, It is combined with said reverse (in_) of said
first logic-input signal, and the aforementioned fanout of said first inverter in said second
inverter group, It is combined with a first difference input of output inverters in said second
inverter group, The aforementioned fanout of a second inverter in said second inverter group, It
is combined with a second difference input of the aforementioned output inverters in said second
inverter group, and the aforementioned output inverters in said second inverter group contain
said second inverter group who outputs a second output signal (out_),

Said first output signal (out) is supplied as feedback, It inputs into a logic-input part of said
second inverter in said second inverter group, The RF switching circuit according to claim 26
which said second output signal (out_) is supplied as feedback, and is input into a logic-input
part of said second inverter in said first inverter group and which was integrated completely.
[Claim 28]

The RF switching circuit according to claim 27 where said first output signal and said second
output signal control the aforementioned switch transistor group and the aforementioned shunt
transistor group of the aforementioned RF switch and which was integrated completely.

[Claim 29]

The RF switching circuit according to claim 26 which shifts direct current level of the
aforementioned logic-input signal (input) without the aforementioned level shift circuit affecting
a frequency response of the aforementioned input signal and which was integrated completely.
[Claim 30]

The aforementioned RF buffer circuit includes two stage circuits including the 1st step level shift
circuit and the 2nd step RF buffer circuit, Said 1st step level shift circuit includes a level shift
circuit defined by Claim 27, In said 2nd step RF buffer circuit, said two or more second
differential inverters have a first difference input, a second difference input, a logic input, and
fanout including two or more second differential inverters, respectively, and said 2nd step RF
buffer circuit is further,

(a) He is a first RF buffer inverter group containing three differential inverters, The
aforementioned logic input of a first inverter in said first RF buffer inverter group and a second
inverter by the aforementioned level shift circuit, It is combined with said first output signal (out)
output, and the aforementioned fanout of said first inverter in said first RF buffer inverter group,
It is combined with a first difference input of output inverters in said first RF buffer inverter
group, The aforementioned fanout of said second inverter in said first RF buffer inverter group,
A first RF buffer inverter group to whom it is combined with a second difference input of the
aforementioned output inverters in said first RF buffer inverter group, and said first RF buffer
inverter group's aforementioned output inverters output a first output signal (OUT),

(b) He is a second RF buffer inverter group containing three differential inverters, The
aforementioned logic input of a first inverter in said second RF buffer inverter group and a
second inverter by the aforementioned level shift circuit, It is combined with said second output
signal (out_) output, and the aforementioned fanout of said first inverter in said second RF buffer
inverter group, It is combined with a first difference input of output inverters in said second RF
buffer inverter group, The aforementioned fanout of said second inverter in said second RF
buffer inverter group, A second RF buffer inverter group to whom it is combined with a second
difference input of the aforementioned output inverters in said second RF buffer inverter group,
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and said second RF buffer inverter group's aforementioned output inverters output a second
output signal (OUT_),

wkxkk the RF switching circuit according to claim 18 integrated completely.

[Claim 31]

The RF switching circuit according to claim 30 where the aforementioned RF buffer circuit
separates a digital logic signal from the aforementioned RF switching circuit and which was
integrated completely.

[Claim 32]

Said 2nd step RF buffer circuit does not supply feedback of the aforementioned output signal
OUT and OUT_ to said 1st step level shift circuit, but it by it, The RF switching circuit
according to claim 31 which improves separation of the aforementioned RF switch from the
aforementioned digital logic signal and which was integrated completely.

[Claim 33]

The RF switching circuit according to claim 30 where a transistor used in order to realize said 1st
step level shift circuit is smaller than a transistor used in order to realize said 2nd step RF buffer
circuit and which was integrated completely.

[Claim 34]

A voltage divider circuit combined with the aforementioned output signal (out) and (out_) is
included further, The RF switching circuit according to claim 27 where the aforementioned
voltage divider circuit restricts a voltage level of the aforementioned output signal, and the
aforementioned output signal is supplied to said second inverter of said 1st inverter group and
said 2nd inverter group as feedback after that and which was integrated completely.

[Claim 35]

The RF switching circuit according to claim 34 where the aforementioned voltage divider circuit
restricts the aforementioned voltage level to Vdd substantially and which was integrated
completely.

[Claim 36]

The aforementioned voltage divider contains two or more MOSFET devices combined with both
series constitution, The RF switching circuit according to claim 34 where an output MOSFET
device is combined with a ground node via a ballast-resistances machine, and the aforementioned
MOSFET device performs a diode function and which was integrated completely.

[Claim 37]

The aforementioned RF buffer circuit includes two stage circuits including the 1st step level shift
circuit and the 2nd step RF buffer circuit, Said 1st step level shift circuit includes a level shift
circuit defined by Claim 34, Said 2nd step RF buffer circuit contains two or more second
differential inverters, said two or more second differential inverters include a first difference
input, a second difference input, a logic input, and fanout, respectively, and said 2nd step RF
buffer circuit is further,

(a) Are a first RF buffer inverter group containing three differential inverters, and the
aforementioned logic input of a first inverter in said first RF buffer inverter group by the
aforementioned level shift circuit, It is combined with a first output signal (out_pos1) output, and
the aforementioned logic input of a second inverter in said first RF buffer inverter group by the
aforementioned level shift circuit, It is combined with a second output signal (out_negl) output,
and the aforementioned output of said first inverter in said first RF buffer inverter group, It is
combined with a first difference input of output inverters in said first RF buffer inverter group,
The aforementioned fanout of said second inverter in said first RF buffer inverter group, A first
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RF buffer inverter group to whom it is combined with a second difference input of the
aforementioned output inverters in said first RF buffer inverter group, and said first RF buffer
inverter group's aforementioned output inverters output a first output signal (OUT),

(b) Are a second RF buffer inverter group containing three differential inverters, and the
aforementioned logic input of a first inverter in said second RF buffer inverter group by the
aforementioned level shift circuit, It is combined with the 3rd output signal (out_pos2) output,
and the aforementioned logic input of a second inverter in said second RF buffer inverter group
by the aforementioned level shift circuit, It is combined with the 4th output signal (out_neg2)
output, and the aforementioned output of said first inverter in said second RF buffer inverter
group, It is combined with a first difference input of output inverters in said second RF buffer
inverter group, The aforementioned fanout of said second inverter in said second RF buffer
inverter group, It is combined with a second difference input of the aforementioned output
inverters in said second RF buffer inverter group, and said second RF buffer inverter group's
aforementioned output inverters contain a second RF buffer inverter group who outputs a second
output signal (OUT_),

Said first output signal (out_posl) includes an output to which the buffer of said first inverter in
said first inverter group of the aforementioned level shift circuit was carried out, Said second
output signal (out_negl) includes an output to which the buffer of said second inverter in said
first inverter group of the aforementioned level shift circuit was carried out, Said 3rd output
signal (out_pos2) includes an output to which the buffer of said first inverter in said second
inverter group of the aforementioned level shift circuit was carried out, The RF switching circuit
according to claim 18 where said 4th output signal (out_neg2) includes an output to which the
buffer of said second inverter in said second inverter group of the aforementioned level shift
circuit was carried out and which was integrated completely.

[Claim 38]

The RF switching circuit according to claim 20 which the aforementioned non-overlapping input
clock signal is input into a level shift circuit defined by Claim 34, and is input into the account
charge pump of back to front and which was integrated completely.

[Claim 39]

The aforementioned level shift circuit includes a first level shift circuit and a second level shift
circuit, Said first level shift circuit and said second level shift circuit are defined by Claim 34,
Said first level shift circuit outputs a first output signal (clk1pos) from the aforementioned fanout
of said first inverter in the first inverter group, A second output signal (clklneg) is outputted
from the aforementioned fanout of said second inverter in the first inverter group, The 3rd output
signal (clk1pos_) is outputted from the aforementioned fanout of said first inverter in the second
inverter group, The 4th output signal (clklneg_) is outputted from the aforementioned fanout of
said second inverter in the second inverter group, Said second level shift circuit outputs a fifth
output signal (clk2pos) from the aforementioned fanout of said first inverter in the first inverter
group, A sixth output signal (clk2neg) is outputted from the aforementioned fanout of said
second inverter in the first inverter group, A seventh output signal (clk2pos_) is outputted from
the aforementioned fanout of said first inverter in the second inverter group, The RF switching
circuit according to claim 38 which outputs an eighth output signal (clk2neg_) from the
aforementioned fanout of said second inverter in the second inverter group and which was
integrated completely.

[Claim 40]

Said 3rd output signal (clk1pos_) controls a first P channel MOS FET transistor of the
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aforementioned charge pump, Said 4th output signal (clklneg_) controls a second P channel
MOS FET transistor of the aforementioned charge pump, Said fifth output signal (clk2pos)
controls a first N-channel metal oxide semiconductor FET transistor relevant to said first P
channel MOS FET transistor, The RF switching circuit according to claim 39 where said sixth
output signal (clk2neg) controls a second N-channel metal oxide semiconductor FET transistor
relevant to said second P channel MOS FET transistor and which was integrated completely.
[Claim 41]

(a) A first input means for receiving a first high frequency signal,

(b) A second input means for receiving a second high frequency signal,

(c) A high frequency common port means,

(d) A first lamination transistor switching means that has a first node combined with said first
input means, and the second node combined with the aforementioned high frequency common
port means, and is controlled by a switch control signal (SW),

(e) A second lamination transistor switching means which has a first node combined with said
second input means, and the second node combined with the aforementioned high frequency
common port means, and is controlled by an inversion signal (SW_) of the aforementioned
switch control signal (SW),
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.#%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[Field of the Invention]

[0001]

The background of invention

The field of invention

Especially the present invention relates to the switching circuit in an integrated circuit, and the
switching method of a high frequency (RF) signal about a switch. According to one embodiment,
the CMOS device realized on [ for using it in the field of application of RF, such as a wireless
communication equipment, a satellite, and cable TV, ] a silicon on insulator (SOI) is contained in
this switching circuit.

[Background of the Invention]

[0002]

The description of a pertinent art

As everyone knows, the high frequency (RF) switch serves as an important configuration block
in many wireless communication systems. The RF switch is used for the communication
equipment with which many, such as a cellular phone, a wireless pager, wireless infrastructure
equipment, satellite communication equipment, and cable TV equipment, differ. As everyone
knows, it opts for the performance of an RF switch by the three main performance parameters of
operation, i.e., insertion loss, switch separation, and a "1-dB compression point." These three
performance parameters are connected closely, and in the design of an RF switch component,
when they think any one parameter as important, other parameters will be sacrificed for them.
The 4th parameter sometimes taken into consideration in an RF switch design is usually called
switching time or switching speed (one side of a switch is turned ON and defined as time
required to turn OFF an opposite side). In the design of an RF switch, the ease of RF switch
accumulation, a degree (level), complexity, the yield, a returned-goods loss, and a manufacturing
cost are contained in other important indices.

[0003]

The performance parameter of these RF switches can be more easily described with reference to
the RF switch design by the advanced technology shown in the simple circuit diagram of Fig.1 a
- 1c. The simple circuit diagram of single-pole single-throw (SPST) RF switch 10 of the
advanced technology is shown in Fig.1 a. The switching transistor M1 (5) and the shunt
transistor M2 (7) are contained in SPST switch 10 of the advanced technology. If Fig.1 a is
referred to here, it will be dependent on the state of two MOSFET transistors M1 (5) and the
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control voltage of M2 (7) (). Namely, depending on the DC bias applied to the gate input part of
the MOSFET switching transistor M1 and the shunt transistor M2, respectively an RF signal, It
is sent to the RF output node 3 from the RF input node 1, or shunts via the shunt transistor M2
(7) in a ground. The actual value of DC bias voltage is dependent on MOSFET transistor M1 (9),
and the polarity of M2 (7) and a threshold value. An RF power signal and the in-series resistor
RO (9) separate bias from a power supply signal.

It is indispensable for the highest switch performance.

"ON" state of RF switch 10 in Fig.1 a is shown in Fig.1 b (that is, to Fig.1 b). RF switch 10
shows the equivalent small signal value of the transistors M1 and M2 in case "ON" and the
switching transistor M1 (5) are [ ON and the shunt transistor M2 (7) ] OFF. "OFF" state of the
switch 10 of Fig.1 a is shown in Fig.1 ¢ (that is, RF switch 10 shows the equivalent small signal
value of the transistors M1 and M2 in case "OFF" and the switching transistor M1 (5) are [ OFF
and the shunt transistor M2 (7) ] ON to Fig.1 c).

[0004]

As shown in Fig.1 b, when RF switch 10 is ON, the switching transistor M1 (5) is mainly
resistance, and, on the other hand, its shunt transistor M2 (7) is mainly capacitive. "Insertion
loss" of RF switch 10 is determined from the difference between the maximum available electric
power in the input node 1, and the electric power supplied to the load of the output node 3. In a
low frequency wave, when the switch 10 is ON (Fig.1 b should be referred to), each power loss
originates in the on resistance 13 "r" with the limited switching transistor M1 (5). Typically, the
on resistance r13 (Fig.1 b) is much smaller than the power-resistors machine RO (9). Therefore,
insertion loss "IL" has the characteristics like the formula 1 shown below.

Formula 1: IL is equal to 10 r/R0In(10) =0.087r (dB) substantially.

[0005]

Therefore, the value of r serves as insertion loss of about 0.25 dB as a result at 3ohms by a low
frequency wave. Since insertion loss is largely influenced by the on resistance of an RF switch
transmitter, it lowers transistor on resistance and can improve insertion loss by decreasing
parasitism board resistance.

[0006]

Generally, input-output separation (or simply switch separation) of an RF switch is determined
by measuring the electric energy which "flows" out of an input port into an output port, when the
transistor which has connected the input port and the output port is OFF. As for separation
characteristics, the degree of cutting of an RF switch shows how much (that is, how much does a
switch block an input signal from an output?). If "OFF" state of RF switch 10 in Fig.1 c is
referred to especially here, the OFF state of the switch M1 (5) will serve to block the input 1
from the output 3. The shunt transistor M2 (7) serves to improve input-output separation of the
switch 10.

[0007]

When a turn-off is carried out (namely, when RF switch 10 and the switching transistor M1 (5)
carry out a turn-off) M1 (5), It is mainly capacitive and "feed through" (an RF input signal
should pass from the input node 1 to the output node 3) of an input signal, The capacitor CGD
OFF 15 (gate drain capacitance when the switching transistor M1 carries out a turn-off),
Capacitor CGS OFF 17 (when the switching transistor M1 carries out a turn-off) The series /
parallel value of a ** gate source capacitance, and capacitor CDS1 (19) and (a drain source
capacitance when the switching transistor M1 carries out a turn-off) determine. The feed through
of an input signal relates to input-output separation of RF switch 10 directly desirably. The size
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of feed through is decreased using the shunt transistor M2 (7), and the separation characteristics
of an RF switch are improved by it.

[0008]

When the switching transistor M1 (5) is a turn-off, turn-on of the shunt transistor M2 of Fig.1 ¢
(7) is carried out. In this condition, the shunt transistor M2 (7) mainly works as a resistor of the
value r. Depending on a design, the value of r is much smaller than impedance peculiar to RF
power. As a result, r decreases remarkably the voltage of the input part of the switching transistor
M1 (5). When the value of r is much smaller than the power resistors RO (9) and feed-through
capacitive resistance of the shunt transistor M2 (7), separation can be calculated easily. Switch
separation of the OFF state of RF switch 10 is determined with the difference between the
maximum available electric power of an input part, and the electric power of an outputting part.
[0009]

It is the capability to process the input power with another, important big RF switch performance
characteristic in addition to the insertion loss of an RF switch, and separation. When turn-on of
the switch is carried out, this is fixed frequency and is making for insertion loss not to serve as a
function of input power into a positive thing. It is called for by many field of application that a
switch cannot be distorted in the electric power sent through the switch which carried out
"switch-on." For example, when two sounds which approached pass an RF switch
simultaneously, they may start an intermodulation (IM) for the nonlinearity of a switch, and may
generate a pseudo voice by the channel which adjoins by that cause. For example, when securing
these adjoining channels for the information signal, the electric power of a pseudo voice must be
maintained as small as possible. Switch compression or a "1-dB compression point" ("P1dB")
shows the capability to process electric power. P1dB, it defines as input power when insertion
loss increases only 1 dB from the low-electric-power value. Or when it has another way of
speaking, a 1-dB compression point is a degree of the electric energy which can be input into an
RF switch in an input port, before output power of only 1 dB deviates from linear relation with
input power.

[0010]

Switch compression is generated in any one of the two routes. In order to understand how switch
compression occurs, it describes about operation of the MOSFET transistor shown in RF switch
10 of Fig.1 a - 1c. In order to carry out turn-on of the MOSFET as everyone knows in the
transistor design field, the gate source bias exceeding threshold voltage V, is required. Similarly,
gate source bias must be smaller than Vy, in order for a switch to be come by off. V. is positive in
"N type" MOSFET.

In "P type" MOSFET, it is negative.

N-channel MOS FET is chosen as RF switch 10 of Fig.1 a - 1c. The source of N-channel MOS
FET is a node of the lowest electric potential.

If Fig.1 c is referred to again and the shunt transistor M2 (7) will carry out turn-on to the part
period of an input signal cycle as a result of the transient voltage of the shunt transistor M2 (7),
input power will be sent to a ground and will be lost to an output. The loss of this electric power
will increase, if input power increases (namely, input signal of the electric power which
increased), and thereby, it causes a first type of compression. The 1-dB compression point of RF
switch 10 is determined by the signal vibration of the input in the point it stops in the shunt
transistor M2 (7) which carried out the turn-off keeping [ OFF / point ] not been. After all, a
negative vibration of an input is lower than a ground, and becomes lower than M2 gate potential
in a similar manner (therefore, it source-izes). If this difference becomes equal to V¢, the
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transistor M2 (7) will begin to carry out turn-on, and compression will start. This first type of
compression is caused by the turn-on phenomenon of the no MARIOFU type gate in the shunt
leg of an RF switch. Once the shunt transistor M2 (7) carries out turn-on, the electric power of
the output node 3 will not follow the electric power of a switch input part any longer at linearity.
A second type of RF switch compression is generated when the source and drain of the shunt
transistor M2 (7) carry out breakdown on excessive voltage. This voltage has only the possibility
exceeding service voltage direct-current abbreviation+1V to a submicron silicon on insulator
(SOI) device. In breakdown, a shunt device begins to conduct a lot of electric power, and the
electric power which can be used with an output by that cause decreases.

[0011]

The simple figure of single pole double throw (SPDT) RF switch 20 by the advanced technology
is shown in Fig.2. As shown in Fig.2, four MOSFET transistors 23, 24, 27, and 28 are contained
in RF switch 20 of the advanced technology at worst. The transistors 23 and 25 work as a "path"
or a "switching" transistor (to switching MOSFET transistor M1 (5) and the appearance of
drawing 1 a-1c), It is constituted so that each of these related RF input node may be combined
with RF node 25 common in alternative. For example, when operating, the switching transistor
23 combines the first input signal "RF,;" that is an input to the first RF input node 21 to the RF
common nodes 25 (namely, when switched to "ON"). Similarly, when operating, the switching
transistor 24 combines the second RF input signal "RFE," which is an input to the second RF
input node 22 to the RF common nodes 25. The shunt transistors 27 and 28 by the case where it
is operating those related RF input nodes, When not having combined with the RF common
nodes 25, it works in order to shunt each related RF input node to a ground in alternative
(namely, when the turn-off of the switching transistor (23 or 24) connected to those related input
nodes is carried out).

[0012]

In order to control operation of the RF switch of the advanced technology to be shown in Fig.2,
two control voltage is used. The control voltage with the name of "SW" and its reverse "SW_"
controls operation of the transistors 23, 24, 27, and 28. control voltage is an alternative about the
pair of the selected transistor ---like -- an operation (turn-on) -- or it is adjusted so that it may be
made non-operative (turn-off). For example, as shown in Fig.2, SW turns on (according to some
embodiments). When this is determined by setting control voltage to a voltage level logically
"high", for example, "+Vdd", the switching transistor 23 is operating and the related shunt
transistor 28 also operates. However, reverse SW_ of SW controls operation and its related shunt
transistor 27 of the second switching transistor 24, and control signal SW_, during ON
(according to some embodiments, this is determined by setting SW_ as -Vdd) of SW, since it is
off, these two transistors are non-operative in this same period -- or the turn-off is carried out.
RFjinput signal is combined with the RF (passing switching transistor 23 which is operating)
common port 25 in this state (in SW, SW_ turns off by ON). Since the turn-off of the second
switching transistor 24 is carried out, RF, input signal is blocked from the RF common port 25.
Moreover, since an RF, input signal is shunted in a ground via the shunt transistor 28 which is
operating, it is further separated from the RF common port 25. When [ whose SW control signal
is "OFF" (and SW_ "ON") like ] it will be understood easily, the person skilled in the art of the
transistor design field, RF; signal is the same method and is combined with the RF common port
25 (and RF;signal is shunted to a block ** leg round).

[0013]

RF switches, such as SPDF, RF switch 20, etc. of Fig.2, have so far been realized with the result
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on various performances in different element technology including a bulk complementary metal
oxide semiconductor (CMOS) and gallium arsenide (GaAs) technology. In fact, GaAs
technology is being used for almost all highly efficient high frequency switches. In realization of
the RF switch by the advanced technology, although it has tried to improve the above-mentioned
RF switch performance characteristic, those results are miscellaneous and are various. [ of the
complexity of an integrated circuit and the degree of the yield ] For example, bulk CMOS and an
RF switch show a high insertion loss performance characteristic, the low compression
performance characteristic, and an insufficient linearity performance characteristic to a
disadvantageous thing. By contrast, for semi insulating [ of GaAs material ], the parasitism board
resistance can decrease remarkably and, thereby, can decrease switch insertion loss. Similarly, a
half-insulation GaAs substrate improves switch separation.

[0014]

Although improvement in a performance characteristic is brought about by realization of a
GaAsRF switch, this technology has some faults. For example, the yield of the integrated circuit
which functions normally in GaAs technology is comparatively low. It tends to become
expensive [ a design and manufacture ] comparatively [ a GaAsRF switch ]. In addition, although
GaAs switches improve an insertion loss characteristic as mentioned above, frequency
restrictions may become low for the slow surface state which exists in a GaAs substrate. Since
this technology is not fit for integration of the high level, an "off-chip" needs to realize the digital
control circuit relevant to an RF switch from a switch. It turns out that the low-electric-power
circuit relevant to a switch is difficult to be accumulated. Since this makes overall system cost or
manufacturing cost, size, and complexity increase and decreases the throughput speed of a
system similarly, it is disadvantageous.

[Description of the Invention]

[Problem to be solved by the invention]

[0015]

Therefore, it is desirable to provide the method of switching the RF switch and RF signal which
have an improved performance characteristic. It is desirable to provide the RF switch which
insertion loss, separation, and compression have improved especially. Design manufacture of
such an RF switch was completed easily, it was manufactured comparatively inexpensive, and is
fit for accumulation of the high level, and it is desirable that it is applicable from a low frequency
wave to high frequency. It should enable it to accumulate a power control circuit on chip simply
with a switch function. Such accumulation was difficult to realize until now using a Si substrate
and a GaAs substrate. The present invention provides such an RF switch and the switching
method of an RF signal.

[Means for solving problem]

[0016]

The outline of invention

It describes about the switching method of a new RF switching circuit and an RF signal. An RF
switch is usable for a wireless use, and can be manufactured with silicon on insulator technology.
In one embodiment, an RF switch is manufactured on an ultra-thin silicon ("UTSi") substrate.
The following thing is contained in an RF switch in one embodiment. Namely, the first switching
transistor group who is connected to the input part for receiving an RF signal, the input part for
receiving an RF signal, and RF common port, and is controlled by switching voltage (SW), It is
connected to a first switching transistor group and RF common port, The second switching
transistor group controlled by switching voltage (SW_) is contained, and SW_ is the reverse of
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SW, and when a first switching transistor group is ON, a second switching transistor group is
come by off. A switching transistor group connects each RF input signal to RF common port in
alternative, while operating. In this embodiment, it is combined with an RF switch by the
switching transistor group again, and the shunt transistor group controlled by the switching
voltage SW and SW_is contained. While operating, a shunt transistor group works so that those
related RF input nodes may be shunted to a ground in alternative, and improves RF switch
separation by it.

[0017]

One or more MOSFET transistors connected by lamination or series constitution are contained in
both switching and a shunt transistor group. Within each transistor group, the gate of a
lamination transistor is usually controlled by switching voltage (SW or SW_), and this switching
voltage is combined with each transistor gate via each gate resistance machine. The compression
point of a switch increases with lamination and the gate resistance machine of a transistor group
device. The RC time constant formed of the gate resistance machine and gate capacitance of
MOSFET is designed to become much longer than the cycle of an RF signal, and RF voltage is
equally shared with the whole series-connection device. By this composition, the 1-dB
compression point of an RF switch increases.

[0018]

It describes about the RF switch integrated completely. A digital switch control logic circuit and
the negative power-supply-voltage generator accumulated with the RF switch of the present
invention are contained in this RF switch. According to one embodiment, the RF switch of the
advanced technology is provided with some functions not existing by the RF switch integrated
completely. For example, in one embodiment, to the RF switch integrated completely. The built-
in type oscillator which supplies a clock input signal to a charge pump circuit, and the charge
pump circuit which generates the negative power supply voltage which other RF switching
circuits need and which were accumulated, The CMOS logic circuit which generates the control
signal which controls RF switch transistor, The level shift circuit and low current voltage divider
circuit which increase the reliability of a switch device, and the RF buffer circuit which separates
RF signal energy from a charge pump circuit and a digital control logic circuit are included. It
describes about some embodiments of a charge pump circuit, a level shift circuit, a voltage
divider, and an RF buffer circuit. By the RF switch of the present invention, insertion loss,
switch separation, and switch compression are improved. Thanks to the accumulation of a higher
level which becomes available with the RF switch of the present invention, by using the present
invention, a design and manufacturing cost of RF system decrease, and reliability increases.

In the following brief explanation of the drawings, the same reference mark of various Drawings
shows the same component.

[Best Mode of Carrying Out the Invention]

[0019]

DETAILED DESCRIPTION

It should let this Description pass and the preferable embodiment and working example to clarify
should be considered as an illustration thing rather than the limitation to the present invention.
The RF switch of the present invention

The present invention is a method for switching a new RF switch design and RF circuit. The first
illustration embodiment of RF switch 30 of the present invention is shown in Fig.3. As shown

in Fig.3, in one embodiment, four clusters or a "group” of an MOSFET transistor is contained in
RF switch 30 of the present invention. These are shown in Fig.3 as the transistor groups 33, 34,
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37, and 38. A "path" or "switching" transistor groups 33 and 34 are contained in two transistor
groups, and the shunt transistor groups 37 and 38 are contained in two transistor groups. One or
more MOSFET transistors arranged at series constitution are contained in each transistor group.
For example, in the embodiment shown inFig.3, three switching transistor Mssa, Masg, and

Ms;c are contained in the switching group 33. Similarly, three switching transistor Msga, Mg,
and My is contained in the switching group 34. Three transistor Ms7a, Ma7p, and Ms;c are
contained in the shunt group 37. Similarly, three transistor Maga, Magg, and Maigc are contained in
thing containing three MOSFET transistors, The person skilled in the art of the RF switch design
field will be understood [ that a substitute group configuration can be used and ], without
deviating from the range or the meaning of the present invention. For example, without deviating
from the range of the present invention so that it may describe in detail by the following, any
convenient number of transistors can be used and the group who shows Fig.3 can be realized.
[0020]

In one embodiment of the RF switch of the present invention, an MOSFET transistor (for
example, transistor Ms;a, M3;p, and Ms;c) is realized using the substrate silicon on insulator
(SOI) technology insulated completely. So that it may describe in detail by the following
especially the MOSFET transistor of the RF switch of the present invention, It realizes using
"ultra-thin silicon (Ultra-Thin-Silicon) (UTSi)" (in this Description, it is called "ultra-thin silicon
on sapphire (ultrathin silicon-on-sapphire)") technology. In accordance with a UTSi
manufacturing method, the transistor used in order to realize the RF switch of the present
invention is formed in the ultra-thin layer of the silicon in an insulating sapphire wafer. Perfect
insulating silicon on sapphire improves the performance characteristic of the RF switch by the
present invention by decreasing the harmful joint effect of a substrate relevant to a non-insulating
substrate and a semi insulating substrate. For example, an improvement of insertion loss lowers
the on resistance of a transistor, and is realized by decreasing parasitism board resistance. Switch
separation improves using the perfect insulating substrate provided by UTSi technology. Thanks
to insulation with perfect silicon on sapphire technology, as compared with bulk CMOS and
other conventional integrated circuit production technology, the parasitism capacitance between
the nodes of RF switch 30 decreases remarkably. As a result, in the RF switch of the present
invention, switch separation is improved as compared with the RF switch design of the advanced
technology.

[0021]

A transistor group is controlled by the two control signals SW and reverse SW_ of those like the
with the gate of each transistor via each related gate resistance machine. For example, three
transistors [ in / in the control signal SW / the switching transistor group 33 ] (M 334) Operation
of M3 and Masc is controlled via the gate resistance machine (Risa, R3sp, and Rssc) relevant to
three each. The control signal SW is input into input node 33', and controls the switching
transistor group 33. SW is input into input node 38’, and controls the shunt transistor group 38
again. Similarly, reverse SW_ of SW controls the switching transistor group 34 via input node
34'. SW_ is input into input node 37', and controls the shunt transistor group 37 again.

[0022]

In one embodiment, although about 30K ohm of a resistor is contained in a transistor group's
resistor, substitute resistance can be used, without deviating from the meaning or the range of the
present invention. In some embodiments of the present invention, any resistance element which
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has comparatively high resistance is contained in a gate resistance machine. For example, in one
embodiment, a gate resistance machine may be realized using a reverse bias diode. A gate
resistance machine is useful to increase the effective breakdown voltage of the whole series-
connection transistor so that it may describe in detail by the following.

[0023]

Function as controlling a control signal about the transistor groups' 33, 34, 37, and 38 operation,
and un-operating, and RF switch 30, or [ passing an RF signal in a way similar with controlling
the switching transistor groups 33 and 34 function as a path transistor or a switching transistor,
and in alternative, they are constituted so that each related RF input node may be combined with
common RF node 35. For example, if the switching transistor group 33 operates, he will combine
with the RF common nodes 35 the first RF input signal "RF;" that is an input to the first RF input
node 31. Similarly, if the switching transistor group 34 operates, he will combine the second RF
input signal "RF," which is an input to the second RF input node 32 to the RF common nodes 35.
The shunt transistor groups 37 and 38, If it operates, when those related RF input nodes will not
have combined with the RF common nodes 35 () That is, when the turn-off of the switching
transistor group (33 or 34) connected to the related input node is carried out, each related RF
input node is committed so that it may shunt to a ground in alternative.

[0024]

In alternative, the group as which the transistor group chose control voltage is connected an
operation or in order to make it non-operative. For example, as shown in Fig.3, when SW is ON
(according to some embodiments) This is determined when the control voltage SW is set as a
voltage level logically "high", The switching transistor group 33 operates (that is, all the
transistors of the group 33 carry out turn-on), and the related shunt transistor group 38 also
operates (that is, all the transistors of the group 38 carry out turn-on). However, like operation of
the switch in Fig.2, since the second switching transistor group 34 and its related shunt transistor
group 37 are controlled, reverse SW_ of SW, These two transistor groups become non-operative
in this period (that is, the turn-off of all of the groups' 34 and 37 transistor is carried out).
Therefore, when SW is ON, RF; input signal is combined with the RF common nodes 35. Since
the switching transistor group 34 is off, RF, input signal is blocked from the RF common nodes
35. Since RF; input signal is shunted in a ground via the shunt transistor group 38 who operated,
it is further separated from the RF common nodes 35. Like, RF, signal is the same method when
[ whose SW control signal is OFF (SW_control signal. and ON) ] the person skilled in the art of
the RF switch design field will be understood, and it is combined with the RF common nodes 35
(and RF; signal is shunted to a block ** leg round).

[0025]

As shown in RF switch 30 of the present invention in Fig.3, one to laminate an MOSFET
transistor and use a gate resistance machine is making high breakdown voltage of the whole
series-connection transistor. The RC time constant formed of the gate capacitance of a gate
resistance machine and MOSFET is designed to become much longer than the cycle of an RF
signal. So, RF energy does not almost have dissipating via a gate resistance machine. RF voltage
is effectively shared equally with the whole series-connection transistor by this arrangement. As
a net effect, the breakdown voltage of the whole series-connection device increases by n times
the breakdown voltage of individual FET. In this case, n is the number of the transistors
connected in series. By this composition, the 1-dB compression point of RF switch 30 of the
present invention increases.
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[0026]

In order to improve switch performance, the RC time constant must be made into big size to an
RF signal cycle. This will impose restrictions on the minimum of R which can be used mainly
for realizing gate transistors (gate resistance machine). As mentioned above, although the typical
value for R is 30komega in one embodiment of the present invention, other resistance can also be
used, without deviating from the range of the present invention. Since an MOSFET gate input
part does not draw a direct current near, the bias in a device is not changed for the IR drop of this
whole resistance.

[0027]

RF switch 30 of the present invention can respond to the input signal of the power level which
increased at an advantageous thing. Thanks to the serial arrangement of an MOSFET transistor
including a transistor group (33, 34, 37, and 38), the power signal which increased can be
supplied to an RF input node (namely, input nodes 31 and 32), without having influence harmful
to switching. The person skilled in the art of the transistor design field will be understood [ that it
can respond to a bigger input power level increasing the number of transistors for every
transistor group, or by changing the physical configuration of a transistor, and ]. For example, in
one embodiment, the dimension of a transistor is about 0.5x2,100 micrometers. However,
substitute composition can be used, without deviating from the range or the meaning of the
present invention.

a silicon on insulator (SOI) -- PRIOR ART

As reference was made above in the description of the RF switch inFig.3, SOI technology is
attractive in realization of an RF switch for insulation with a perfect insulating substrate. As
everyone knows, a highly efficient microelectronics device is realized and SOI has mainly been
used for the use which needs radiation resistance and high-speed operation. The junction wafer
and silicon on sapphire which have the thin silicon layer joined to SIMOX and an insulating
layer, for example are contained in SOI technology. In order to attain the above-mentioned
desirable switch performance characteristic, in one embodiment, the RF switch of the present
invention is manufactured on silicon on sapphire.

[0028]

In order to manufacture a device on an insulating substrate, it is necessary to use the effective
method for forming a silicon CMOS device on an insulating substrate. It is well recognized by
the advantage of using the composite board which contains single crystal semiconductor layers
which carried out epitaxial deposition, such as silicon, in insulating supporting boards, such as
sapphire, and these advantages, Using insulating materials, such as sapphire (aluminum,0s), a
spinel, or a high insulating material of other well-known, as a substrate, when making it the
electric conduction course of the leakage current between devices certainly pass a substrate, it is
realizable.

[0029]

It can be defined as an "ideal" silicon on sapphire wafer containing a silicon layer without a
defect in it with a perfect single crystal with sufficient thickness which can manufacture an
active device. Probably this silicon layer adjoins an insulating substrate and the disorder of the
crystalline lattice in a silicon insulator interface is the minimum. The early trial which is going to
manufacture this "ideal" silicon on sapphire wafer suffered a setback for the problem for which
many were conspicuous. these problems -- (1) -- the annealing of the silicon layer being carried
out and the elevated temperature used for first epitaxial silicon deposition, and after that, The
thing by which a contaminant, especially aluminum of a p type dopant enter into an epitaxial
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deposited silicon layer considerably as a high temperature result used in order to decrease the
defect in it and to do, (2) -- it can summarize as a crystal property with an insufficient epitaxial
silicon layer when various elevated temperatures which devote themselves and pose a problem
through the method of an annealing and/or re-growth are avoided. [ and ]

[0030]

Although it turns out that a quality silicon thin film suitable for the severe device use of a
demand can be manufactured on silicon on sapphire, The annealing of the composite at the low-
temperature ion implantation for embedding at epitaxial deposition of the silicon layer on silicon
on sapphire and a silicon layer, and forming an amorphous region and the temperature below
about 950 degrees C is contained in the method at this time.

[0031]

The example and method of manufacturing such a silicon on sapphire device are described in the
following Descriptions. They, US,5,416,043,B Description ("minimum electric charge FET
manufactured on a super-thin film silicon on sapphire wafer" (Minimum chargeFET fabricated
on an ultrathin silicon)) on sapphire wafer, US,5,492,857,B Description ("high frequency
wireless communication system on a single ultra-thin film silicon on sapphire chip” (High-
frequency wireless communication system)) on asingle ultrathin silicon on sapphire chip,
US,5,572,040,B Description ("high frequency wireless communication system on a single ultra-
thin film silicon on sapphire chip" (High-frequency wirelesscommunication system)) on a single
ultrathinsilicon on sapphire chip, US,5,596,205,B Description ("high frequency wireless
communication system on a single ultra-thin film silicon on sapphire chip" (High-frequency
wireless communicationsystem)) on a single ultrathin silicon on sapphire chip, US,5,600,169,B
Description ("minimum electric charge FET manufactured on a super-thin film silicon on
sapphire wafer” (Minimum charge FET fabricated on an ultrathin silicon)) on sapphire wafer,
US,5,663,570,B Description ("high frequency wireless communication system on a single ultra-
thin film silicon on sapphire chip” (High-frequency wireless communication system)) on a single
ultrathin silicon on sapphire chip, US,5,861,336,B Description ("high frequency wireless
communication system on a single ultra-thin film silicon on sapphire chip" (High-frequency
wireless communication system)) on a single ultrathin silicon on sapphire chip, The
US,5,863,823,B Description ("edge control in a silicon on insulator by which self align was
carried out" (Self-aligned edge control in silicon on insulator)), US,5,883,396,B Description
("high frequency wireless communication system on a single ultra-thin film silicon on sapphire
chip" (High-frequency wireless communication system)) on a single ultrathin silicon on sapphire
chip, US,5,895,957,B Description ("minimum electric charge FET manufactured on a super-thin
film silicon on sapphire wafer" (Minimum charge FET fabricated on an ultrathin silicon)) on
sapphire wafer, US,5,920,233,B Description ("false side band) Phase-locked loop" Phase locked
loop including a samplingcircuit for reducing spurious side band including the sampling circuit
for decreasing, US,5,930,638,B Description ("how to manufacture low parasitic resistance on an
ultra-thin silicon on insulator” (Method of making a low parastic resistor on ultrathin)) silicon on
insulator, the US,5,973,363,B Description (on "ultra-thin silicon on insulator) The CMOS circuit
which has the shortened P channel length" (CMOS circuitry with shortened P-channel length on
ultrathin silicon on insulator), The US,5,973,382,B Description. ("The capacitor on the ultra-thin
semiconductor on an insulator".) (Capacitor on ultrathin.) semiconductor on insulator and the
US.,6,057,555,B Description ("minimum electric charge FET manufactured on a super-thin film
silicon on sapphire wafer" (High-frequency wireless)) It is communicationsystem on a single
ultrathin silicon on sapphire chip. In the whole instruction about an ultra-thin silicon on sapphire
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integrated circuit design and manufacture, all of these reference patents are used for this
Description.

[0032]

An electron device can be formed in the silicon ultra-thin layer on an insulating synthesis
sapphire wafer using the method described in the patent referred to above. Typically, silicon
layer thickness is less than 150 nm. The advantage of insulating silicon on sapphire is maximized
by such "ultra-thin" silicon layer, and it becomes possible to accumulate a many function on a
single integrated circuit. With thick silicon, it is [ the conventional transistor separation well
needed ] less necessary, transistor processing is simplified, and circuit density increases. In order
to distinguish the method and device which were referred to by these above from a former thick
silicon embodiment, in this Description, these are collectively called "ultra-thin silicon on
sapphire."

[0033]

In some preferable embodiments of the present invention, a MOS transistor, US,5,416,043,B,
No. 5,492,857, No. 5,572,040, No. 5,596,205, No. 5,600,169, No. 5,663,570, No. 5,861,336, No.
5,863,823, No. 5,883,396, It forms in ultra-thin silicon on sapphire by the method disclosed in
each Description of No. 5,895,957, No. 5,920,233, No. 5,930,638, No. 5,973,363, No. 5,973,382,
and No. 6,057,555. However, the method of other well-known which manufactures an ultra-thin
silicon on sapphire integrated circuit can be used, without deviating from the meaning or the
range of the present invention.

[0034]

A quality silicon thin film suitable for the severe device use of a demand as claim for patent is
described and carried out to these patents, It can manufacture on an insulating substrate by the
method containing the annealing of the low-temperature ion implantation for embedding at
epitaxial deposition of the silicon layer to an insulating-substrate top, and a silicon layer, and
forming AMORUFASU, and the composite in the temperature below about 950 degrees C. Any
processings which expose a silicon layer to the temperature over about 950 degrees C are carried
out in oxidation ambient environment. There is area density of an active state to the region which
was not intentional to the silicon thin film which forms a transistor, and was doped electrically [
less than abbreviation 5x10"em™ ].

[0035]

As reference was made above, a UTS1 substrate is desirable for especially RF use. A perfect
insulating substrate is because the harmful influence of the substrate combination relevant to the
conventional substrate (that is, it is not completely insulation) is decreased. As a result, RF

RF switch design trade-off

When designing RF switch 30 of the present invention described above in relation to Fig.3 and
realizing, some design parameters and a trade-off should be taken into consideration. The RF
switch of the present invention can be prepared so that it may exceed whether a desired system
design demand and RF switch performance objective are filled. It describes here about the design
trade-off and the thing which should be taken into consideration which affect an RF switch
design.

[0036]

As it described above in relation to Fig.3, RF switch 30 is realized using an MOSFET transistor,
although "N type" or "P type" may be used. However, in order to realize an RF switch in a
CMOS technology, N channel transistor is preferable. It is because one with preferable N
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channel transistor has "ON" resistance of N channel transistor much smaller than the case of P
channel transistor to fixed transistor size. This is because the mobility in electronic silicon is high
to an electron hole. Control voltage is chosen so that the on resistance of an "on-" transistor may
decrease reliably. the time of an "off-" transistor being made non-operative again as for control
voltage -- reliably -- OFF and ****** __ it chooses like.

[0037]

In the transistor design field, "ON" resistance is in inverse proportion to the difference between
the voltage applied to a transistor gate, and the voltage applied to a transistor source in an N-
channel metal oxide semiconductor transistor as everyone knows. This voltage is usually called
"Vgs" (gate source voltage). Although it is noticing easily, In an input port (for example, first RF
port 35, Vgs of an on-transistor decreases (for example, Vgs of transistor M33 4 in the switching
transistor group 33 decreases as the size of RF1 signal increases). For this reason, it becomes
saying that gate control voltage (for example, SW of input node 33') should as just as possible be
carried out. However, though regrettable, the degree which can just do gate control voltage is
restricted due to concern of reliability.

[0038]

The same concern exists also to an "off-" transistor. It is important to note that an RF input signal
(for example, RF1 input signal) generally vibrates involving zero reference voltage in application
of a typical RF switch. The off-transistor (for example, the shunt transistor group's 37 transistor)
must remain in as at non-operative or a turn-off between the voltage deviation of an RF input
signal positive and negative. From this, it will be said that gate control voltage (for example,
SW_control voltage signal) of an off-transistor should be made negative as much as possible.
Again, the degree as for which gate control voltage is made negative is restricted due to concern
of reliability.

[0039]

The 1-dB compression point of a switch is restricted by the design of an off-transistor for a
CMOS switch again. In the transistor design field, there is breakdown voltage fundamental
between the source and drain by a MOS transistor as everyone knows. If the electric potential of
device both ends exceeds this breakdown voltage, even when the gate potential which is going to
maintain the transistor to the OFF state exists, high electric current flows between a source and a
drain. an improvement of the compression in a switch increases the breakdown voltage of a
transistor -- it can attain. One of the methods which manufactures the MOS transistor which has
high breakdown voltage is increasing gate length. Regrettably, by the increase in gate length, the
channel resistance of a device increases also inconvenient and, thereby, the insertion loss of a
device increases. Although the channel resistance can decrease by making width of a device
wide, this makes switch separation be deteriorated again. Therefore, a trade-off exists in a MOS
switch.

[0040]

laminated to series constitution and the 1-dB compression point of a switch is improved. The
effective breakdown voltage of the whole series-connection transistor is increased with the
combination of the comparatively high gate resistance machine of a value, and the laminated
constitution of the transistor in a transistor group. It is made for a RC time constant (the
resistance of a gate resistance machine and the gate capacitance of MOSFET determine) to
become much longer than the cycle of the RF signal which RF switch 30 processes in a design
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and manufacture of a switch element. As mentioned above, it increases by one n times the rate [
laminated constitution and / in / as a net effect of the gate resistance machine of high resistance /
comparatively / in the breakdown voltage of the whole series-connection transistor / an
individual transistor ] of breakdown voltage (here). n is equal to the number of the transistors
connected to series in a transistor group.

[0041]

What should be further taken into consideration on a design is related with the "body tie"
currently used in the conventional bulk CMOS transistor. In the transistor design field, a body tie
combines a device with either a well or a substrate as everyone knows. The well substrate
Jjunction must always keep reverse bias applied. A source body and the drain body junction must
always keep reverse bias applied. Generally, a well (N well technology) is combined with the
greatest electropositive potential applied to a circuit in a bulk CMOS design. A substrate (P well
technology) is combined with the greatest electronegative potential applied to a circuit. Since an
RF input signal vibrates the upper and lower sides of a ground symmetrically, a CMOS switch
design shows insufficient performance about insertion loss, separation, and a 1-dB compression
point. It is preferable to realize RF switch 30 of the present invention on an insulating substrate
for these and the above-mentioned Reason.

[0042]

By realizing the RF switch of the present invention on an insulating substrate, some advantages,
such as an improvement of switch separation and reduction of insertion loss, are provided. The
further advantage is acquired by realizing the RF switch of the present invention using UTSi
technology. For example, as compared with realizing the RF switch of the advanced technology
to GaAs, the improvement of the integrated circuit yield, reduction of a manufacturing cost, and
the increase in an accumulation level are attained by using UTSi. In the integrated circuit design
field, GaAs are not fit for integration of a high level as everyone knows. therefore, the digital
control circuit relevant to operation and the function of the RF switch and other circuits (a
negative voltage electric power supply generator circuit --) The level shift circuit, the low current
voltage divider circuit, the RF buffer circuit, etc. must often realize with an off-chip (that is,
these functions are easily [ as an RF switch ] umaccumulable). This is connected to the
degradation of the RF switch realized with an increase in cost and the advanced technology.
[0043]

By contrast, according to invention of this RF switch, a circuit required for normal operation of
an RF switch and a function is realizable for the same integrated circuit as the switch itself
together using UTSi technology. For example, an RF switch is accumulable on the same
integrated circuit by realizing an RF switch with UTSi technology with a CMOS control logic
circuit required to control operation of a negative voltage generator and an RF switch so that it
may describe in detail by the following. Thanks to reduction of the control line required to
control operation of a switch, the complexity of an RF switch also decreases. An RF switch
control logic circuit is realizable for an advantageous thing using a low-voltage CMOS transistor.
Even if it is for high power RF switch realization, electric power can be comparatively supplied
to the RF switch of the present invention using the external power of low electric power. These
characteristics are advantageous as compared with realization of GaAs by the advanced
technology. It is because it is required to use a power generation circuit required to realize an
electric power supply the external power of high power, positive, and negative [ both ]
comparatively in the case of GaAs. For example, in the illustration embodiment described below
in relation to Fig.4 - 12, the RF switch of the present invention only needs one 3V single external
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power. In the switch by the advanced technology, the external voltage generation circuit for
realizing at least one 6V external power and a positive and negative electric power supply is
required typically.

The RF switch integrated completely

To Fig.4, it manufactures according to the present invention, and it is illustration-like and the
simple block diagram of RF switch 100 integrated completely is shown. As shown in Fig.4, to
RF switch 100 integrated completely, The RF switch 30(simplified schematic representation
shows Fig.4)CMOS control logic circuit 110 and the negative voltage generator circuit 120 (in
one embodiment, it realizes using a "charge pump" circuit) of the present invention which were
described by Fig.3 in the above are included.The control signal 130 is input CMOS logic circuit
block 110. The control signal 130 will have it understood from 0 volt in one embodiment that
other logic circuit levels can be used, without the person skilled in the art of the digital logic
circuit design field deviating from the range or the meaning of the present invention in the range
of +Vdd. For the Reason shown above, RF switch 100 integrated completely is manufactured on
a UTSi substrate at one embodiment. However, other insulating-substrate technology can also be
used.

[0044]

Some the functions and the characteristics which are not in the RF switch of the advanced

in detail by the following. For example, RF switch 30 (as it described above in relation to Fig.3)
of the present invention In addition, a negative voltage generator and an RF switch control
facility are accumulated together on the same integrated circuit as the switch of the present
invention with RF switch 100 integrated completely using new lamination and gate-transistors
(gate resistance) composition of a transistor. To RF switch 100 integrated completely, so that it
may describe in detail by the following, The built-in type oscillator which supplies a clock input
signal to a charge pump circuit, the integration charge pump circuit which generates the negative
power supply voltage which other RF switching circuits need, The gate drain of the CMOS logic
circuit which generates the control signal which controls RF switch transistor, and a switch
transistor, a gate source, and drain source voltage by decreasing, The RF buffer circuit which
separates RF signal energy from the level shift circuit to which reliability is made to increase, a
charge pump circuit, and a digital control logic circuit is included. Each of these circuits are
described in detail by the following with reference to related figures.

A 1st embodiment of a negative voltage generator-charge pump

As shown in Fig.4, the negative voltage generator 120, i.e., a charge pump, is contained in one
embodiment of RF switch 100 integrated completely. The negative power supply voltage (it is
hereafter described as "-Vdd") which other circuits of RF switch 100 integrated completely need
with the negative voltage generator 120 is generated. The two input sets (Vdd) 122, i.e.,a
positive DC-power-supply-voltage signal, and the clocked into (shown in a figure as a single
input signal "Clk") 124 are supplied to the negative voltage generator 120. Although Fig.4 has
shown the clocked into 124 as a single input signal, by some embodiments of the RF switch in
the present invention, the clocked into 124 can include the clock input signal exceeding two or it
so that it may describe in relation to Fig.5 b below.

[0045]

In the embodiment shown in Fig.4, direct-current 3V power supply source is included in the
positive service voltage which is an input to the negative voltage generator circuit 120. However,
other electric power supply levels may be used, without deviating from the range or the meaning
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of the present invention. For example, if it is a request, a positive electric power supply with the
sufficient direct current 3.5V, the direct current 5V, or other arbitrary convenience can be
considered as the input to the negative voltage generator circuit 120 of Fig.4. Typically, a
positive electric power supply signal is generated with an external low-electric-power supply
source.

[0046]

In one embodiment of the present invention, the negative voltage generator 120 of Fig.4 is
realized using a charge pump circuit. The simple block diagram of one illustration embodiment
in the negative voltage generator 120 of Fig.4 is shown in Fig.5 a.As shown in the simple block
diagram of Fig.5 a, the oscillator 202, the clock generation machine circuit 204, and the charge
pump circuit 206 of the present invention are included in a negative voltage generator. The
output of the oscillator 202 is input into the clock generation machine circuit 204. The output of
the clock generation machine circuit 204 is input into the charge pump circuit 206. The negative
power supply voltage which other circuits of RF switch 100 integrated completely use with the
negative voltage generator 120 is supplied.

[0047]

The negative power supply voltage must be generated to an RF switching circuit in a
disadvantageous thing in an external circuit in many of RF switches by the advanced technology.
In realization of other RF switches, joint approach required in order to shift the direct-current
value of an RF input signal to the halfway point of the applied bias voltage is used. In this
approach, generally, since an FET gate drive becomes half effectively because of this level shift,
it is necessary to apply comparatively high bias voltage. Negative influence is brought to switch
insertion loss by this when not increasing bias voltage. It is because gate drives decrease in
number by this and FET channel resistance increases by it.

[0048]

In order to cope with these problems, in one embodiment of RF switch 100 integrated
completely, the charge pump circuit 206 of the present invention shown in detail is used for Fig.5
b. As shown in Fig.5 b, two P channel MOS FET transistors 208 and 210 are contained in the
first embodiment of the charge pump circuit 206, and these are connected to two N-channel
metal oxide semiconductor FET transistors 212 and 214 in series at it. The left leg (the first P
channel transistor 208 connected to the first N channel transistor 212 in series is included) of the
charge pump circuit 206, First capacitor Cp216 is used for the right leg (the second P channel
transistor 210 connected to the second N channel transistor 214 in series is included) of a charge
pump circuit, and it is combined with it. The source of the second N channel transistor 214 is
combined with the illustrated second capacitor C218 which is an output capacitor like. Two non-
overlapping clock control signals "Clk1" and "Clk2" are used in order to control operation of the
transistors 208, 210, 212, and 214. For example, reverse "Clk1_" of "Clk1" controls the gate of
the P channel transistors 208 and 210 to be shown in Fig.5 b. The non-overlapping clock control
signal "Clk2" of another side controls the gate of the N channel transistors 212 and 214 like a
graphic display.

[0049]

The charge pump 206 generates negative power supply voltage (-Vdd) by using the non-
overlapping clock control signals Clk1 and Clk2 which drive a transistor gate, and charging and
discharging alternately two capacitors (Cp216 and output capacitor C218). Negative power-
supply-voltage-Vdd is generated from the electric charge which charged the capacitor C218.
According to one embodiment, the train of impulses (that is, a train of impulses is input as the
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clock input signals Clk1 and Clk2) which drives a charge pump is generated using a pulse shift
circuit (not shown). Since a train of impulses is applied to the charge pump 206, capacitor Cp216
is applied in the positive electric power supply Vdd, then, is discharged by the counter direction
over the capacitor C218, and generates negative power-supply-voltage-Vdd. No transistor of a
charge pump needs to avoid the thing exceeding Vdd also between which source / drain node,
therefore the reliability of the charge pump 206 increases dramatically.

[0050]

In one embodiment of the charge pump circuit 206 of the present invention, the capacitance of
the output C218 is about 200 pF, and the capacitance of Cp216 is about 50 pF. The person
skilled in the art of the charge pump design field will be understood [ that other capacitance
values can be used and ], without deviating from the range or the meaning of the present
invention.

As shown in the simple block diagram of Fig.5 a, in one embodiment, two non-overlapping clock
signals are derived from the oscillation signal which the internal oscillator 202 generates. As
shown in Fig.5 a, the oscillator 202 inputs an oscillation signal into the clock generation machine
circuit 204, and generates shortly two non-overlapping clock signals with which this circuit
controls a charge pump transistor gate (by the arbitrary and useful well-known method).
According to one embodiment of RF switch 100 with which the present invention was integrated
completely, the oscillator of a low frequency wave is contained comparatively (several MHz
order) in the oscillator 202. According to this embodiment, an easy relaxation oscillator is
contained in an oscillator. however, the person skilled in the art of the integrated circuit field is
understood [ that the present invention can be carried out using the oscillator of other types, and
], without deviating from the meaning or the range of the present invention -- I will come out.
[0051]

The voltage swing of the two non-overlapping clock signals Clk1 and Clk2 which changes to
Fig.5 ¢ temporally is shown. As shown in Fig.5 c, two non-overlapping clock signals change by
the voltage swing from -Vdd to Vdd. In one embodiment, a clock signal changes from direct-
current-3V to direct-current+3V. The efficiency of the charge pump 206 is improved by
adjusting in this way.

[0052]

The N channel (212 and 214) and P channel (208 and 210) device of a single threshold value are
contained in being advantageous to the charge pump transistors 208, 210, 212, and 214. The
conventional charge pump circuit needs use of two or more threshold level device. Therefore, in
order to have realized the thing of these former, rather than the charge pump circuit 206 of the
present invention in Fig.5 b, the design was complicated and cost started. In one embodiment of
the charge pump 206 of the present invention, the width of the P channel transistors 208 and 210
is about 20 micrometers, and length is about 0.8 micrometer. The width of the N channel
transistors 212 and 214 is about 8§ micrometers, and length is about 0.8 micrometer. The person
skilled in the art of the integrated circuit design field will be understood [ that the transistor of
other dimensions can be used, and ], without deviating from the range or the meaning of the
present invention. The charge pump circuit 206 of the present invention is dramatically efficient,
and operates perfect in spite of change of temperature and a process.

Level shift circuit

Since a charge pump circuit doubles efficiently the power supply voltage applied to this circuit, it
must pay attention to the integrity problems of electric potential relevant to such high voltage. In
order to realize a charge pump by a method which improves the reliability of a transistor, a level
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shift circuit is used and the gate source voltage, gate drain voltage, and drain source voltage of a
transistor are restricted to a permissible level.

[0053]

The invention level shift circuit 300 created according to the present invention is shown in Fig.6
a. Using the level shift circuit 300, an "ordinary” digital input signal [ typical or ] (a digital signal
ranges from a ground (GND) to the range of +Vdd typically) is converted or shifted so that the
range of -Vdd to +Vdd may be attained to. Thereby, the reliability of the RF switch integrated
completely increases. Although a control signal is shifted to the range of direct-current-3V to
direct-current+3V, the person skilled in the art of the RF switch control field will have it
understood in one embodiment of the present invention, without deviating from the meaning or
the range of the present invention that other level-shifted-voltages ranges can be used.

[0054]

As shown in Fig.6 a, two or more inverters combined with feedback structure are contained in
the level shift circuit 300 (henceforth, it is called the level shifter 300) of the present invention.
Especially in the embodiment shown in Fig.6 a, to the level shifter 300, Two groups' inverter is
contained and "out of the 1st and the shifted second output signal 314, i.e., a first output node,"
and its reverse "out_" of the second output node 316 are generated using these inverters. The
inverters 302, 304, and 304 are contained in a first inverter group. The inverters 308, 310, and
312 are contained in a second inverter group. An "ordinary" digital input signal [ typical or ]
(namely, digital input signal covering the range of GND to +Vdd) is the input node 318 of the
first inverter 320, and is input into the level shifter 300. The first inverter 320 generates the first
input signal "in" (with output node 324), and this signal is input into the second inverter 322. The
second inverter 322 generates the second input signal "in_" which is the reverse of a first input
signal "in" in the output node 326. Therefore, the 1st and the second inverters 320 and 322
generate the signal input into the two above-mentioned inverter groups. For example, the first
input signal "in" is combined with the input part 328 of the inverter 302. Similarly, the second
input signal "in_" is combined with the input part 330 of the inverter 308.

[0055]

It is generated by the first output inverters 306 and a first inverter group's output "out" is
supplied to the first output node 314. It is generated by the second output inverters 312 and a
second inverter group's output "out_" is supplied to the second output node 316. Two level-
shifter outputs "out" and out_" are input into other circuits of RF switch 100 with

which Fig.4 was integrated completely. For example, in one embodiment a first output "out", It
is combined with the gate of the device in the switching transistor group 33 and the shunt
transistor group 38 (). Namely, the "out" signal in the first output node 314 of Fig.6 a, It is
combined with the "SW" control input signal of Fig.3, and this controls operation of the
switching transistor group 33 and the shunt transistor group 38 by input node 33' and 38', as it
described above in relation to Fig.3. Similarly, it is combined with "SW_" control input signal
of Fig.3 (with input node 34' and 38"), and, thereby, a second level-shifter output "out_" controls
the switching transistor group 34 and the shunt transistor group 37 by this embodiment as
mentioned above.

The level shifter 300 of Fig.6 a shifts the direct current level of an input signal (namely, input
signal supplied by the input node 318), and, on the other hand, makes the frequency response of
an input signal eternal. The level shifter 300 uses sufficiently the floating technology provided
by realization by the silicon on insulator substrate of RF switch 100 integrated completely. The
inverter of the level shifter 300 operates based on differential bias. That is, a level shifter shifts a
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digital input signal based on the difference between two voltage signals. As long as the
difference between the electric power supply signals especially supplied to inverters (for
example, output inverters 306 and 312 etc.) is the order of Vdd, the level shifter 300 functions
reliably and shifts an input signal in the range between -Vdd and +Vdd. In one embodiment, Vdd
is equal to the direct current 3V. In this embodiment, the voltage applied between those sources /
drain nodes does not become larger than the direct current 3V with the transistor which
constitutes the inverter (for example, output inverters 306 and 312) of the level shifter 300. The
reliability of a transistor device increases by this.

[0056]

If Fig.6 ais referred to again, a level shifter will shift a digital input signal from -Vdd to the
voltage level of the range of +Vdd using a feedback method. In particular, a second inverter
group's (308, 310, and 312) output (namely, "out_" signal) in the second output node 316 is
supplied as feedback to a first inverter group's input part by the input part of the inverter 304.
Similarly, a first inverter group's (302, 304, and 306) output (namely, "out" output signal) in the
first output node 314 is supplied as an input to a second inverter group, especially the inverter
310.

[0057]

When the digital input signal in the input node 318 will be in a state logically "high" (that is, in
some embodiments) When an input signal changes from GND to +Vdd, it swerves and the "in"
signal (it can set to the node 324) and "in_" signal (it can set to the node 326) are set to a ** leg
round (for example, direct current 0V) and Vdd (for example, direct current 3V). The "out"
signal of the first output node 314 is set to +Vdd. Simultaneously, the "out_" signal of the second
output node 316 is set to -Vdd. ("out" which acts as feedforward to the input part of "out_" fed
back to the input part of the inverter 304, and the inverter 310) By feedback composition, quick
change of the state in the level shifter 300 is carried out reliably. The level shifter 300 works
similarly, when an input signal changes in the low state logically from a high state (from +Vdd to
namely, GND transition). If the digital input signal of the input node 318 will be in a state
logically "low", the "in" signal (it can set to the node 324) and "in_" signal (it can set to the node
326) will become Vdd (for example, direct current 3V) and a ground, respectively. The "out"
signal in the first output node 314 is set to -Vdd. Simultaneously, the "out_" signal in the second
output node 316 is set to +Vdd. By feedback, quick change of the state in the level shifter 300 is
carried out reliably again. According to grounding, the descent more than perfect Vdd voltage
between the source / drain node in the MOSFET transistor of an inverter is reliably lost in a
level-shifter inverter.

[0058]

One embodiment of the inverter (for example, inverters 302, 304, and 306) used for Fig.6 b in
order to realize the level shifter 300 of Fig.6 a is shown. As shown in Fig.6 b, two MOSFET
devices 342, i.e., P channel transistor, and the N channel transistor 344 are contained in the
inverter 340. These devices are controlled by the illustrated input signal which is connected in
series, combines the gate both, and is supplied to the input node 346 like. The source of the P
channel transistor 342 is the node 350, and it is combined to first power supply voltage, and on
the other hand, N channel transistor 344 source is the node 352, and is combined to second
power supply voltage. It is combined, and both the illustrated drains that are devices like are the
output nodes 348, and generate the output of an inverter. In one embodiment of the inverter 340
of the present invention, the P channel transistor 342 is 5 micrometers in width, and is 0 or 8
micrometers in length. In this embodiment, N channel transistor is 2 micrometers in width, and is
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0.8 micrometer in length. The person skilled in the art of the transistor design field will be
understood [ that the thing of other physical sizes can be used as a transistor of the inverter 340,
and ], without deviating from the range or the meaning of the present invention. The logical
expression of the inverter 340 is shown as the sign 360 in Fig.6 b again.

[0059]

Thus, by using the level shifter 300 of the present invention, the digital input signal which attains
to the range of GND to +Vdd at the beginning is shifted so that the range of -Vdd to +Vdd may
be attained to. The corresponding output signal which the level shifter 300 of the plot of a digital
input signal of a voltage swing versus time and the present invention of Fig.6 a generates in Fig.7
a is shown. As shown in Fig.7 a, a digital input signal ranges from a ground or the direct current
0V to the range of Vdd. The output of the level shifter 300 of the present invention attains to the
range of -Vdd to +Vdd. As for an input signal, according to one embodiment of the RF switch in
the present invention, the output of the level shifter 300 ranges from the direct current OV to the
range of direct-current-3V to direct-current+3V in the range of direct-current+3V. The power
supply voltage of other values can be used without deviating from the range or the meaning of
the present invention. For example, in one embodiment, an input signal can be made into the
range of the direct current 4V from 0 to direct-current+3.5V, or 0. According to this
embodiment, a level shifter shifts a signal to direct-current+3.5(or +4)V from direct-current-
3.5(or -4)V.

[0060]

The simple logical symbols of the level shifter 300 of the present invention in Fig.6 a are shown
in Fig.7 b. These logical symbols are used with next Drawings. As shown in Fig.7 b, a digital
input signal is supplied by the input node 318 (the same input node 318 as having described
above in relation to Fig.6 a). The level shifter 300 supplies reverse "two shifted outputs, i.e.,
"out", and out_" of those. These outputs are supplied by the output nodes 314 and 316 (the same
output nodes 314 and 316 as having described above in relation to Fig.6 a), respectively.

RF buffer circuit

Fig.8 a is an electric figure of the two-step level-shifter buffer circuit 400. Fig.8 b is a simple
block diagram of an interface to a digital control input and the buffer circuit 400. The 1st step
level shifter 300 and the 2nd step RF buffer circuit 402 are included in the two-step level shifter
and the RF buffer circuit 400 of Fig.8 a. The Ist step level shifter 300 is the same as that of what
was described above in relation to Fig.6 a, and 6b, 7a and 7b, therefore it does not carry out
describing in details more here. The level-shifter stage 300 shifts the logical level of a digital
control signal, and it is made to attain to the range of -Vdd to +Vdd, as described above. The RF
buffer circuit 402 is included in the 2nd step of the circuit 400. The RF buffer circuit 402
performs only the role of a driver (an RF buffer circuit does not perform a level shift).

[0061]

An RF buffer separates electrically digital control signals (what the CMOS logical block 110 of
Fig.4 generates) from RF switch 30 described above in relation to Fig.3.RF buffer 402 functions
as inhibiting the sag of the control voltage (although it is SW and SW_, this Description and
Fig.8 a shows as a control signal "out" and "out_" again, respectively) which controls the
operation of a transistor and un-operating in RF switch 30. RF buffer 402 functions as a big-
electric-power RF signal preventing combining with a negative electric power supply (namely, -
Vdd) again so that it may describe in detail by the following. As it described above in relation to
Fig.5 a - 5c, the charge pump circuit 206 generates this negative electric power supply. The
extent of the big-electric-power RF signal in RF switch 30 carries out RF combination at the
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negative electric power supply which the charge pump 206 (Fig.5) generates, and, thereby,
especially RF buffer 402 protects that current carries out drainage from a negative electric power
supply.

[0062]

When the RF input signal of big electric power is extremely input into RF switch 30 of the
present invention, in order to separate a digital logic signal from an RF switch, when the buffer
circuit is not used, combination of an RF signal and a digital logic signal takes place. RF
combination may have harmful influence on an RF transistor control signal (SW and SW_), and
usually has harmful influence. For example, when the RF input signal of order of about 30 dB is
input into 1-W RF switch 30, there is a possibility that the voltage oscillation of a zero mark bolt
will happen by a digital control line, by RF combination. This is because an RF signal is fed back
to a digital control circuit from an RF switch. This RF joint effect may have bad influence on an
RF transistor group's operation and non-operativeness, therefore normal operation of RF switch
30. The buffer circuit 402 of Fig.8 a protects the joint effect.

[0063]

As shown in Fig.8 a, in composition, the buffer circuit 402 of the present invention resembles
dramatically the level shifter 300 which was described above as the 1st step of the two stage
circuits 400, and was illustrated. Two inverter groups (404, 406, and 408), i.e., a first inverter
group, and a second inverter group (410, 412, and 414) are contained in RF buffer 402 like the
level shifter 300. It is generated by the first output inverters 408, and, by a diagram, the first
inverter group's (404, 406, and 408) output has attached the code of "out", and is supplied by the
first output node 416. It is generated by the second output inverters 414, and the second inverter
group's (410, 412, and 414) output has attached the code of "out_", and is supplied by the second
output node 418. The output signal "out_" is the reverse of an output signal "out."

[0064]

feedback is used for the level shifter 300 of the 1st step although it is important -- a level shift
function -- performing (it described in relation to Fig.6 a -- as) -- the RF buffer circuit 402 does
not feed back the output signal to an input. As a result, the digital input signal (namely, control
input signal input into the level shifter 300 by the nodes 328 and 330) input into the 1st step, It
separates from the output signal (that is, it is a control-output signal "out" of the output nodes
416 and 418, and its reverse "out_", and combined with SW and SW_controlling signal line,
respectively) used in order to control RF switch transistor.

[0065]

If Fig.8 a is referred to again, especially the level shifter 300 will input a digital control signal
"in" and its reverse signal "in_" by the nodes 328 and 330, respectively (in relation to Fig.6 a, it
described in detail by the above like). The first output "outl" of the level shifter 300 in the output
node 314 is fed back to the input part of the inverter 310 like a graphic display. Similarly, the
second output "outl_" of the level shifter 300 in the output node 316 is fed back to the input part
of the inverter 304. That as mentioned above, RF combination (that is, a level-shifter output
signal piles up an RF signal on it) takes place because of this feedback topology, It is a case
where the output signal of a level shifter is used in order to control RF switch transistor directly
(namely, when there is no buffer circuit 402). Therefore, the RF buffer circuit 402 of the present
invention is used without feedback of an output signal, and separates an input signal (namely, a
digital input signal "in" and "in_") from the RF signal which exists in an RF switch. As shown in
Fig.8 a, the first output signal "outl" of the level shifter 300 is input into the inverters 404 and
406 of an RF buffer circuit. Similarly, the second output signal "outl_" of the level shifter 300 is
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input into the inverters 410 and 412 of a buffer circuit. Two control outputs ("out" and "out_") of
the RF buffer circuit 402 are not supplied as feedback to a level shifter, although it controls the
operation of a transistor and un-operating in an RF switch. Therefore, an improvement of
separation between an RF switch and a digital logic circuit is attained.

[0066]

In one embodiment, the inverter 340 described above in relation to Fig.6 b is contained in the
inverter which realizes a two-step level shifter and the RF buffer circuit 400. However, the
person skilled in the art of the inverter design field will have it understood that the two stage
circuits 400 are realizable, without deviating from the range or the meaning of the present
invention using a substitute inverter design. In one embodiment, the transistor used in order to
realize the 1st step level shifter 300 is more nearly physically [ than the transistor used in order to
realize the 2nd step RF buffer circuit 402 ] small. The transistor of a bigger dimension is used in
the RF buffer circuit 402, in order to attain efficient amplification of a control signal. For
example, in one embodiment, the amplification whose width is those with 3 times, as a result
about 3 times the current is brought about rather than the transistor used in order that the
transistor used in order to realize an RF buffer may realize the level shifter 300. The person
skilled in the art of the transistor design field will be understood [ that the transistor of other
convenient dimensions can be used, and ] in order to attain any desirable amplification in a
digital control signal.

The voltage divider used in the alternative level shift circuit of the present invention

Fig.9 a is an electric figure of one embodiment in the low current voltage divider ("LCVD")
circuit 500. This circuit is used by the feedback path of one embodiment in the level shifter 300
described above in relation to Fig.6 a. The simple logical symbols used since the voltage divider
500 of Fig.9 a is expressed to Fig.9 b are shown. The voltage divider 500 is used by one
embodiment, and the potential gate oxide integrity problems relevant to the excessive voltage
oscillation of the whole gate oxide of a feedback inverter transistor are tackled. Various source
drain voltage of MOSFET used in order to realize a level shifter, as it described above in relation
to the level shifter 300, Although bigger voltage than Vdd never is not applied, the output
(namely, an output signal "out" and "out_") of a level shifter, since 2xVdd may also vibrate from
-Vdd to +Vdd namely,, the gate oxide of the feedback inverters 304 and 310 may be applied in
the voltage of 2xVdd. These feedback voltage levels are applied to the whole gate oxide of the
feedback inverters 304 and 310, and gate oxide integrity problems may produce them as a result.
[0067]

In order to be able to avoid gate oxide integrity problems, the maximum voltage applied to the
whole gate oxide of the feedback inverters 304 and 310 is reliably reduced substantially to Vdd
(not being the gate oxide voltage of 2xVdd). Therefore, in one embodiment in the RF switch
with which the present invention was integrated completely, the voltage divider of Fig.9 a
restricts the voltage applied to the gate of the level-shifter feedback inverters 304 and 310. In this
embodiment, the output (namely, each output "out" and "out_" in the output nodes 314 and 316)
of a level shifter, Instead of feeding back to the feedback inverter shown in the level shifter of
each Fig.6 a directly, first, a level-shifter output signal is adjusted with the voltage divider 500 of
Fig.9 a, and is fed back to a feedback inverter after that. The voltage applied to the gate oxide of
the feedback inverters 304 and 310 reliably with the voltage divider 500 so that it may describe
in detail by the following, It is made not to exceed the sum total (a voltage drop is the number of
transistors and the function of transistor threshold voltage which are used in order to realize the
voltage divider 500) of Vdd and a small voltage drop. In one embodiment, Vdd is the direct
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current 3V and a voltage drop is the direct current 0.9V. According to this embodiment, it
becomes reliably that a gate oxide is never applied in the voltage exceeding the direct-current
abbreviation 3.9V (that is, a feedback inverter is applied in the voltage covering the range of the
direct current 0.9V from direct-current-3V), thanks to the voltage divider 500.

[0068]

two or more MOSFET devices (502, 504, 506, and 508) combined with both the voltage dividers
500 by series constitution (namely, -- being illustrated -- it puts on a mutual top by source drain
arrangement like) when Fig.9 a was referred to here -- it is contained. According to both one
embodiments, the gate and drain of MOSFETs 502, 504, 506, and 508 joined together, and have
realized the lamination diode. Although MOSFET which realizes a diode is henceforth called a
"diode device", these are laminated in series like a graphic display. MOSFETM3 (510) and
output MOSFETM2 (512) are contained in the voltage divider 500 again. The function of these
two transistors is described more in details below.

[0069]

A diode device is used and the partial pressure of the voltage of the input signal supplied to the
voltage divider 500 by the input node 514 is carried out. As shown in Fig.9 a, the signal by
which a partial pressure is carried out to the voltage divider 500 is supplied to the drain (and gate
connected) of the first device 502 as an input. when an input signal exceeds a positive voltage
level once (nxVthn), "n" is the number of the diode devices used in order to realize the voltage
divider 500 here -- Vthn -- the threshold voltage (namely, "diode descent" to a source from the
drain of a device) of a device -- but, A diode device (502, 504, 506, and 508) begins to conduct a
lot of current. the embodiment shown in Fig.9 a -- n=4 and Vthn=-- 0.7 volt of alternative
values can be but used to "n" and Vthn, without deviating from the range or the meaning of the
present invention. For example, in other embodiments, by changing the number of the diode
devices used in order to realize the voltage divider 500, the input signal supplied to a voltage
divider is arbitrary, and can be restricted to a desired voltage level (namely, thing for which the
value of "n" is changed). According to the embodiment shown in Fig.9 a, once input voltage
exceeds the voltage level of (4x0.7), i.e., 2.8 volts, a lamination diode device will begin to
conduct briskly.

[0070]

The ballast-resistances machine R516 is connected to the source of the output diode device 508
like a graphic display. Once a diode device carries out turn-on completely, any additional input
voltage which exceeds the value of nxVthn for the ballast-resistances machine R516 will
descend. According to the embodiment shown in Fig.9 a, any additional input voltage which
exceeds the value of (the input voltage - (4xVthn)) for the ballast-resistances machine R516
descends. The output of the voltage divider 500 is pulled out from the gate drain to which the
output diode device 508 was connected. The output signal by which the partial pressure was
carried out is supplied by the output node 520. It is guaranteed for the voltage which descends by
the diode drop of the diode devices 502, 504, and 506, and the ballast-resistances machine R516
whole that the output of the output node 520 substantially (input voltage - (3xVthn)) never
exceeds. about [ Vthn=] -- about [ 0.7V and ] -- the output node 520 never exceeds (direct-
current 3V- (3x direct current 0.7V)) 0.9V, i.e., a direct current, to the maximum input voltage of
3V. Thus, in the embodiment shown in Fig.9 a, the voltage divider 500 restricts the output of the
output node 520 to the range of direct-current-3V to direct-current+0.9V to the input voltage
which attains to the range between direct-current-3V and direct-current+3V.

[0071]
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Output MOSFETM2 (512) is constituted as a capacitor, and it is used in order to support
acceleration of the switching time of the voltage divider 500. When an input reaches negative
potential, MOSFETM3 (510) carries out reliably that the output node 520 vibrates to the electric
potential of the input signal in the input node 514. This is attained when an input signal reaches
negative potential, and the device M3 (510) carries out turn-on. Therefore, when an input signal
becomes -Vdd electric potential (for example, direct-current-3V), the output signal of the output
node 520 is also set to -Vdd. The output device 508 can apply reverse bias during negative
voltage vibration of an input signal, and, thereby, becomes trustworthy [ that a direct current
does not carry out drainage from a negative power supply source ] during negative voltage
vibration of an input signal. When the output of a voltage divider is direct-current abbreviation-
3V, the voltage divider 500 does not draw current near at all. This is important. Current is direct-
current-3V and it is because the charge pump circuit described above in relation to Fig.5 b is
made to discharge. When the output of a voltage divider is about 0.9v and the ballast-resistances
machine R516 is chosen comparatively largely, there is comparatively little current which can be
drawn near. However, since the current in this case is produced between positive voltage (0.9V)
and a ground, charge pump current additional for operation of the voltage divider 500 of Fig.9 a
is not sent.

[0072]

In one embodiment, the value of the ballast-resistances machine R516 is 100komega. In one
embodiment, all the devices of the voltage divider 500 are the same length. For example, in one
embodiment, all the devices are 0.8 micrometer in length. In one embodiment, the physical size
of all the diode devices (502, 504, 506, and 508) is the same. In one embodiment, each diode
device is 2 micrometers in width, and the device M3 (510) is the 2 micrometers with same width,
and output MOSFETM?2 (512) is 14 micrometers in width. the person skilled in the art of the
integrated circuit design field is understood [ that other values and alternative composition can be
used and ] to the device shown in Fig.9 a, without deviating from the range or the meaning of the
present invention -- I will come out. for example, the person skilled in the art of the electric
circuit design field in lamination of changing the number of diode elements "n", changing the
value of Vthn, or a diode device, The output node 520 is pulled out on a different point (for
example, like a graphic display). Instead of pulling out from the drain of the device 508, other
voltage divider output levels will have it understood by what an output is pulled out for from the
drain of the diode device 506 or 504 that it can adjust easily.

The correction level shifter using a voltage divider

By decreasing the voltage applied to the gate oxide of RF switch transistor, the voltage divider
500 of Fig.9 a and 9b can be used advantageously, and the reliability of the transistor in both the
above-mentioned level shifter 300 and a charge pump circuit can be improved. For example, the
correction level shifter 600 which uses the voltage divider 500 of Fig.9 a for Fig.1Q in
combination with the level shifter 300 of Fig.6 a is shown. As shown in Fig.10, the output (it can
set to the output node 314) of the inverter 306 in the level shifter 300 is applied to the input part
of the first voltage divider 500'. Similarly, the output (it can set to the output node 316) of the
inverter 312 of the level shifter 300 is applied to the input part of second voltage divider 500".
The output of a voltage divider is fed back to the input part of the feedback inverters 304 and
310, as shown in Fig.]Q. If Fig.10 is referred to especially, the output "out" of a first voltage
divider in output node 520" will be fed back to the input part of the feedback inverter 310.
Similarly, the output "out_" of a second voltage divider in output node 520" is fed back to the
input part of the feedback inverter 304. As it described above in relation to Fig.9 a, feedback

EX-

1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0194



voltage is decreased in the range of -Vdd to direct-current abbreviation+0.9V by the level shifter
500" and 500". The function of the level shifter 600 does not change for the voltage oscillation in
which this feedback path decreased.

[0073]

Please pull out an RF switch control signal "SW" and "SW_" from a level-shifter output, and
note being able to supply RF switch 30 of the present invention of Fig.3 as an input, before
inputting them into the voltage divider 500" and 500". For example, as shown in Fig.10, since the
switch control signal "SW" is generated, the output of the inverter 306 in the output node 314
can be pulled out and used. Similarly, since the switch control signal "SW_" is generated, the
output of the inverter 312 in the output node 316 can be pulled out and used. According to one
embodiment, as it described above in relation to the two-step level shifter and the RF buffer
circuit 400 of Fig.8 a, the control signal pulled out from the nodes 314 and 316 is stored in a
buffer first, and is combined with RF switch transistor after that. Although the voltage oscillation
covering the whole region is possible for the switch control signal SW and SW_, this does not
cause the integrity problems of a gate oxide in an RF switch. Especially a switch control signal is
crossed to the range from -Vdd to +Vdd (that is, the voltage level of a switch control signal is not
restricted by the voltage divider). The all-out voltage oscillation of a switch control signal does
not cause the integrity problems of a gate oxide about RF switch MOSFET. The source of RF
switch MOSFET is because it is grounded. Therefore, a switch input signal relates to the ground
in RF switch MOSFET. As a result, MOSFET is applied to the whole gate oxide in positive Vdd
voltage to a ground, or negative Vdd voltage is applied to the whole gate oxide to a ground.
[0074]

The simple graphic table expression 601 of the part in the correction level shifter 600 is shown

S LA A,

of Fig. 10 shows. As shown in Fig. 10, first ininput "_" 630 corresponding to the input node 326
("in_") are contained in the correction level shifter 601 with a sign. The second input "out" 632
corresponding to the input to the feedback inverter 310 is included in the correction level shifter
601 with a sign again. This signal should be careful of having come out of the outputting part
520" of the first voltage divider 500" again. Positive power supply voltage is input by the +Vdd
input part 634. Negative power supply voltage is input by the -Vdd input part 636. There are
three output signals, i.e., "out_pos" (it can set to the outputting part 638), "out_neg" (it can set to
the outputting part 640), and "out_" (it can set to the outputting part 642) in the correction level
shifter 601. These outputting parts correspond to the above-mentioned output nodes 606 and 608
and 520". In order to understand easily, in the Drawings described below, graphic table
expression of the level shifter 601 is used.

[0075]

The potential gate oxide integrity problems relevant to the level shifter 300 described above in
relation to Fig.6 a are avoided in the feedback path of the correction level shifter 600 using the
voltage divider 500" and 500". The voltage divider 500" and 500" can also function in order to
decrease the potential gate oxide integrity problems relevant to a charge pump circuit. As shown
in Fig. 10, the output of the inverters 308 and 310 is supplied to two output intervals as an input,
in order to be pulled out from the level shifter 300 and to generate two output signals "out_pos"
and "out_neg." Especially the output of the inverter 308 is supplied as an input to the first output
inverters 602. Similarly, the output of the feedback inverter 310 is supplied as an input to the
second output inverters 604.

[0076]
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By combining the output inverters 602 and 604 by such a method, never exceeding Vdd (or -
Vdd) of the output signal of the correction level shifter 600 is lost. Especially the first output
inverters 602 generate the output signal "out_pos" covering the range of GND (namely, direct
current OV) to +Vdd in the first output node 606. The second output inverters 604 generate the
second output signal "out_neg" covering the range of -Vdd to GND in the second output node
608. If the input signal "in_" is set to GND, the output signal "out_pos" will be set to GND. The
output signal "out_neg" moves from GND to -Vdd. If the input signal "in_" is set to positive
+Vdd, "out_pos" will be set to Vdd and "out_neg" will move from -Vdd to GND. Thus, if the
correction level shifter 600 of the present invention is used, the "out_pos" output signal will be
crossed to the range of GND to +Vdd, and, on the other hand, the "out_neg" output signal will be
crossed to the range of GND from -Vdd. The potential gate oxide integrity problems in a
correction charge pump circuit are tackled using two output signals "out_pos" and "out_neg" so
that it may describe in detail by the following. The potential gate oxide integrity problems in an
RF buffer circuit can also be tackled using these output signals so that it may describe in relation
to Fig.11 a and 11b here.

A correction level shifter and an RF buffer circuit

In two steps of the level shifter and RF buffers 400 described above in relation to Fig.8 a, the
voltage oscillation of abbreviation 2xVdd may be experienced in an RF buffer inverter input. As
already described, in the voltage oscillation of this level, gate oxide integrity problems arise and
it may have harmful influence on the function of RF buffer transistor.

[0077]

The alternative embodiment of the two-step level shifter and the RF buffer circuit 400 described
above in relation to Fig.8 a to Fig.11 a and 11b is shown. The voltage concerning the gate oxide
of an RF buffer is kept from exceeding Vdd from 0.9 volt reliably in the alternative embodiment
of an RF buffer shown in Fig.11 b using the voltage divider circuit described above. As shown in
Fig.11 b, the 2nd step RF buffer circuit 402' combined with the 1st step level shifter circuit 600
and it is included in substitute two-step level shifter and RF buffer circuit 400'. In this
embodiment of a level shifter and the RF buffer circuit 400", An RF buffer output signal "out"
and "out_" are generated using the output "out_pos" and "out_neg" of a correction level shifter
which were described above in relation to Fig.11 as an input to an RF buffer inverter. For
example, as shown in Fig.11 b, "out_pos" and the "out_neg" output signal which the first
correction level shifter 700 generates are input into the two RF buffer inverters 702 and 704,
respectively. Similarly, "out_pos" and the "out_neg" output signal which the second correction
level shifter 706 generates are input into the two RF buffer inverters 708 and 710, respectively.
According to Embodiment 400’ of the substitution shown in Fig.11 a and 11b, as for the
"out_pos" output, the input signal "in" is logically set to Vdd at the time of a high signal, and, on
the other hand, "out_neg" is set to GND. Thus, logically, at the time of a high value, the output
of the inverter 702 is set to GND and, as for the output of the inverter 704, the input signal "in" is
set to -Vdd. Therefore, as for the output of the inverter 712, the input signal "in" is set to ("out")-
Vdd when high. When low, an opposite output is generated for an input signal "in."

[0078]

The power supply voltage of the first RF output inverter 712 is controlled using the RF buffer
inverters 702 and 704. Similarly, the power supply voltage of the second RF output inverter 714
is controlled using the RF buffer inverters 708 and 710. An RF switch is controlled by this
embodiment using an RF buffer output signal "out" and "out_" (that is, the output signal "out"
works as control voltage "SW", and, on the other hand, commits "out_" as control voltage
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"SW_").

Correction charge pump alternative embodiment

As mentioned above, two output signals "out_pos" and "out_neg" which the correction level
shifter 600 of Fig.1Q generates, It can use by one embodiment of the substitution in a charge
pump circuit, and the potential gate oxide integrity problems relevant to the excessive voltage
applied to a charge pump can be decreased or eliminated. As it described above in relation to
Fig.5 b and 5S¢, it is a charge pump transistor (). That is, the voltage oscillation of 2xVdd is
among the clock signals used in order to control the gate of the P channel transistors 208 and 210
and the N channel transistors 212 and 214. For example, as shown in Fig.5 c, a charge pump
clock signal "Clk1" and "CIk2" are crossed to the range of positive power-supply-voltage +Vdd
from negative power-supply-voltage-Vdd. The voltage oscillation covering this whole region
may cause oxide integrity problems in a charge pump circuit like the gate oxide integrity
problems described above in relation to the RF buffer circuit and the level shifter circuit.
Therefore, by restricting the voltage applied to a gate oxide from -Vdd to the range of 0.9V
shows to Fig.12 the correction charge pump circuit which decreases in number or eliminates
potential gate oxide integrity problems.

[0079]

The correction charge pump 800 is shown in Fig.12. This uses the correction level shifter 600
described above in relation to Fig.10. As shown in Fig. 12, the charge pump circuit 206' and the
charge pump clock generation circuit 802 of the present invention are included in the correction
charge pump 800. By the charge pump clock generation circuit 8§02, the clock control signal
which the charge pump circuit 206" uses is generated. The design resembles dramatically the
charge pump 206 which the charge pump circuit 206' described above in relation to Fig.5 b. For
example, it adds to path capacitor Cp216 and the output capacitor C218, and the pair of P
channel transistors 208 and 210 and the pair of N channel transistors 212 and 214 are contained
in the charge pump circuit 206'. According to one embodiment of the charge pump circuit 206/,
there is a capacitance of hundreds of pF order in the output capacitor C218, and there is a
capacitance of about 50 pF in capacitor Cp216. The person skilled in the art of the charge pump
design field will be understood [ that other capacitance values can be used and ], without
deviating from the range or the meaning of the present invention.

[0080]

The function of charge pump 206' resembles dramatically the charge pump 206 described above
in relation to Fig.5 a. Therefore, it does not carry out describing the operation in detail again
here. That charge pump 206' shown in Fig.]12 differs from the charge pump 206, The control
signal used in order to control the transistor gate (namely, gate of the transistors 208, 210, 212,
and 214) of charge pump 206/, It is the point restricted to the region of the half of a voltage
oscillation (that is, restricted to the range of Vdd from the ground or the ground from -Vdd). the
potential gate oxide integrity problems produced when gate control voltage vibrates the whole
region from -Vdd to Vdd namely, -- -- or [ therefore, / decreasing ] -- or it eliminates.

[0081]

As shown in Fig.12, the four correction level shifters 804, 806, 808, and 8§10 combined with
feedback composition are contained in both the charge pump clock generation circuits 802.
According to one embodiment of a correction charge pump, four correction level shifters are
realized by the correction level shifter 600 described above in relation to Fig.10. The level shifter
using the graphic table expression 601 of the level shifter 600 in Fig.10 is shown
inFig.12.According to this embodiment, the level shifters 804, 806, 808, and 810 carry out the
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same operation as the level shifter 600 of Fig.10. Two non-overlapping clock signals "Clk1" and
"Clk2" (and each reverse signal "Clk1_" and "Clk2_") are input into "in_" input part of a level
shifter as shown in Fig.12. Two input clock signals "Clk1" and "CIk2" are the same as that of the
non-overlapping clock signal described above in relation to Fig.5 a - Sc. As shown above in
relation to Fig.5 c, two non-overlapping clock signals change by the voltage swing of -Vdd to
+Vdd. According to one embodiment, a clock signal changes from direct-current-3V to direct-
current+3V.

[0082]

The clock control signal of the half region used by four correction level shifters in order to
control charge pump 206' is generated. As especially shown in Fig.12, "CLKIPOS_",
"CLKINEG_", "CLK2POS", and a "CLK2NEG" control signal are generated by four level
shifters. These are input into the charge pump transistor gate control nodes 250, 252, 254, and
256, respectively. According to the embodiment shown in Fig.12, four transistor gate control
signals "CLKIPOS_", "CLKINEG_", "CLK2POS", and "CLK2NEG" are generated by the level
shifters 805 and 808. By the level shifter 806, "CLK1POS_" and a "CLKINEG_" gate control
signal are generated, and, on the other hand, "CLK2POS" and a "CLK2NEG" gate control signal
are generated by the level shifter 808. As especially shown in Fig 12, the "out_pos" output
("CLK1POS_") of the level shifter 806 is combined in order to control the transistor gate input
part 250 of the transistor 208. The "out_neg" output ("CLKINEG_") of the level shifter 806 is
combined in order to control the transistor gate input part 252 of the transistor 210. Similarly, the
"out_pos" output ("CLK2POS") of the level shifter 808 is combined in order to control the
transistor gate input part 254 of the transistor 214. Finally, the "out_neg" output ("CLK2NEG")
of the level shifter 808 is combined in order to control the transistor gate input part 256 of the
transistor 214. It functions as the clock generation circuit 802 preventing the excessive voltage of
the whole gate oxide in a charge pump transistor.

[0083]

The person skilled in the art of the transistor design field will be understood [ that other control
constitution can be used and ], without deviating from the meaning or the range of the present
invention. For example, in the alternative embodiment of a correction charge pump, a control
signal can be generated using other two level shifters (804 and 810). As it described above in
relation to the charge pump circuit 206, correction charge pump 206’ of the present invention is
realizable using substitute transistor composition (an N channel and a P channel).

[0084]

As shown in Fig.12, the four level shifters 804, 806, 808, and 810, It is combined with both the
groups (804, 806, and 808 and §10) of a level shifter in the feedback composition which
resembles dramatically the feedback topology of the level shifter described above in relation to
Fig.6 a. For example, the "out_" output node (signal) of the level shifter 804 is supplied to the
"out" node of the level shifter 806 of the related group as feedback. Similarly, the "out_" output
node of the level shifter 806 is supplied to the "out" node of the level shifter 804 of the related
group as feedback. Similarly, the "out_" output node of the level shifter 808 is supplied as
feedback to the "out" node of the level shifter 810 of the related group. The "out_" output node
of the level shifter 810 is supplied to the "out" node of the level shifter 808 of the related group
as feedback. In generating of four transistor gate control signals "CLK1POS_", "CLKINEG_",
"CLK2POS", and "CLK2NEG", the clock generation circuit 802 uses feedback composition.
Outline

The new RF switch manufactured using SOI and a CMOS process is provided. If a switch is
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manufactured on a SOI substrate, as a result, board bias will be lost and it will become possible
to accumulate the main CMOS-circuit configuration blocks with an RF switch element. By
accumulating a CMOS structure block with an RF switch element, the solution [ need / only a
single external power (that is, negative power supply voltage is generated inner in the charge
pump circuit accumulated with the RF switch) / to be used ] of the RF switch integrated
completely is provided. As this result, RF switch separation, insertion loss, and compression are
improved. In one embodiment, the 1-dB compression point of an RF switch exceeds about 1 W,
insertion loss is less than about 0.5 dB, and switch separation is about about 40 dB in height.
Switching time improves with a present invention switch again.

[0085]

It has described about some embodiments of the present invention. However, it will be
understood that various corrections are possible, without deviating from the meaning and the
range of the present invention.

[0086]

Therefore, the present invention should understand the specific thing which it is not limited by
the illustrated embodiment but is limited by only attached Claims.

[Brief Description of the Drawings]

[0087]

[Fig.1 a] It is a simple electric diagram of the single-pole single-throw (SPST) RF switch by the
advanced technology used in order to describe the performance characteristic of an RF switch.
[Fig.1 b] It is a simple electric diagram of SPST and the RF switch in Fig.1 a, and this switch
turns "ON" and the characteristics with a main switch when passage of an RF signal is attained
from an input node to an output node are shown.

[Fig.1 c] An RF switch turns "OFF" and the equivalent small signal electrical property of the RF
switch in Fig.1 a when an RF signal is blocked with it from an output node, and 1b is shown.
[Drawing 211t is a simple electric diagram of the single pole double throw (SPDT) RF switch by
the advanced technology.

[Drawing 31t is an electric diagram of the RF switch by one embodiment of the present
invention.

[Drawing 411t is a simple block diagram of the RF switch which was manufactured according to
the present invention and which is illustration-like and was integrated completely.

[Fig.5 a] It is a simple block diagram of one illustration embodiment in the negative voltage
generator shown in the simple block diagram of Fig.4.

[Fig.5 b] It is an electric diagram of the first embodiment in the charge pump circuit used since
[Fig.5 c] It is the plot of a voltage swing versus [ which shows two voltage swings of a clock
signal which do not overlap but change temporally ] time used in order to control the charge
pump circuit of Fig.5 b.

[Fig.6 a] It is an electric diagram of the first embodiment in the level shift circuit of the present
invention.

[Fig.6 b] It is an electric diagram of one embodiment in the inverter used in order to realize the
level shifter of Fig.6 a.

[Fig.7 a] It is the plot of a voltage swing versus time of the output signal which the level shifter
of the present invention of Fig.6 a corresponding to a digital input signal and it generates.

[Fig.7 b] They are simple logical symbols of the level shifter of the present invention in Fig.6 a.
[Fig.8 a] It is an electric diagram of one embodiment in a two-step level shifter and RF buffer
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circuit including the level shifter of the 1st step, and the RF buffer circuit of the 2nd step.

[Fig.8 b] It is a simple block diagram of an interface to the RF buffer circuit of a digital control
input and Fig.8 a.

[Fig.9 a] It is an electric diagram of one embodiment in the low current voltage divider (LCVD)
circuit which manufactured according to invention of this RF switch.

[Fig.9 b] They are simple logical symbols used in order to express the voltage divider of Fig.9 a.

[Drawing 1011t is an electric diagram of the second embodiment in the level shift circuit which
uses the low current voltage divider circuit of Fig.9 a in combination with the level shift circuit
of Fig.6 a.

[Fig.11 a] It is an electric diagram showing the alternative embodiment of the two-step level
shifter and RF buffer circuit of Fig.8 a.

[Fig.11 b] It is an electric diagram showing the alternative embodiment of the two-step level
shifter and RF buffer circuit of Fig.§ a.

[Drawing 1211t is an electric diagram of the correction charge pump which uses the level shift
circuit of Fig.1G.

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0200



* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.#%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

TECHNICAL FIELD

[Field of the Invention]

[0001]

The background of invention

The field of invention

Especially the present invention relates to the switching circuit in an integrated circuit, and the
switching method of a high frequency (RF) signal about a switch. According to one embodiment,
the CMOS device realized on [ for using it in the field of application of RF, such as a wireless
communication equipment, a satellite, and cable TV, ] a silicon on insulator (SOI) is contained in
this switching circuit.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.#%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

PRIOR ART

[Background of the Invention]

[0002]

The description of a pertinent art

As everyone knows, the high frequency (RF) switch serves as an important configuration block
in many wireless communication systems. The RF switch is used for the communication
equipment with which many, such as a cellular phone, a wireless pager, wireless infrastructure
equipment, satellite communication equipment, and cable TV equipment, differ. As everyone
knows, it opts for the performance of an RF switch by the three main performance parameters of
operation, i.e., insertion loss, switch separation, and a "1-dB compression point." These three
performance parameters are connected closely, and in the design of an RF switch component,
when they think any one parameter as important, other parameters will be sacrificed for them.
The 4th parameter sometimes taken into consideration in an RF switch design is usually called
switching time or switching speed (one side of a switch is turned ON and defined as time
required to turn OFF an opposite side). In the design of an RF switch, the ease of RF switch
accumulation, a degree (level), complexity, the yield, a returned-goods loss, and a manufacturing
cost are contained in other important indices.

[0003]

The performance parameter of these RF switches can be more easily described with reference to
the RF switch design by the advanced technology shown in the simple circuit diagram of Fig.1 a
- 1c. The simple circuit diagram of single-pole single-throw (SPST) RF switch 10 of the
advanced technology is shown in Fig.1 a. The switching transistor M1 (5) and the shunt
transistor M2 (7) are contained in SPST switch 10 of the advanced technology. If Fig.1 ais
referred to here, it will be dependent on the state of two MOSFET transistors M1 (5) and the
control voltage of M2 (7) (). Namely, depending on the DC bias applied to the gate input part of
the MOSFET switching transistor M1 and the shunt transistor M2, respectively an RF signal, It
is sent to the RF output node 3 from the RF input node 1, or shunts via the shunt transistor M2
(7) in a ground. The actual value of DC bias voltage is dependent on MOSFET transistor M1 (9),
and the polarity of M2 (7) and a threshold value. An RF power signal and the in-series resistor
RO (9) separate bias from a power supply signal.

It is indispensable for the highest switch performance.

"ON" state of RF switch 10 in Fig.1 a is shown in Fig.1 b (that is, to Fig.1 b). RF switch 10
shows the equivalent small signal value of the transistors M1 and M2 in case "ON" and the
switching transistor M1 (5) are [ ON and the shunt transistor M2 (7) ] OFF. "OFF" state of the
switch 10 of Fig.1 a is shown in Fig.1 c (that is, RF switch 10 shows the equivalent small signal
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value of the transistors M1 and M2 in case "OFF" and the switching transistor M1 (5) are [ OFF
and the shunt transistor M2 (7) ] ON to Fig.1 c).

[0004]

As shown in Fig.1 b, when RF switch 10 is ON, the switching transistor M1 (5) is mainly
resistance, and, on the other hand, its shunt transistor M2 (7) is mainly capacitive. "Insertion
loss" of RF switch 10 is determined from the difference between the maximum available electric
power in the input node 1, and the electric power supplied to the load of the output node 3. In a
low frequency wave, when the switch 10 is ON (Fig.1 b should be referred to), each power loss
originates in the on resistance 13 "r" with the limited switching transistor M1 (5). Typically, the
on resistance r13 (Fig.1 b) is much smaller than the power-resistors machine RO (9). Therefore,
insertion loss "IL" has the characteristics like the formula 1 shown below.

Formula 1: IL is equal to 10 1/R0In(10) =0.087r (dB) substantially.

[0005]

Therefore, the value of r serves as insertion loss of about 0.25 dB as a result at 3ohms by a low
frequency wave. Since insertion loss is largely influenced by the on resistance of an RF switch
transmitter, it lowers transistor on resistance and can improve insertion loss by decreasing
parasitism board resistance.

[0006]

Generally, input-output separation (or simply switch separation) of an RF switch is determined
by measuring the electric energy which "flows" out of an input port into an output port, when the
transistor which has connected the input port and the output port is OFF. As for separation
characteristics, the degree of cutting of an RF switch shows how much (that is, how much does a
switch block an input signal from an output?). If "OFF" state of RF switch 10 in Fig.1 c is
referred to especially here, the OFF state of the switch M1 (5) will serve to block the input 1
from the output 3. The shunt transistor M2 (7) serves to improve input-output separation of the
switch 10.

[0007]

When a turn-off is carried out (namely, when RF switch 10 and the switching transistor M1 (5)
carry out a turn-off) M1 (5), It is mainly capacitive and "feed through" (an RF input signal
should pass from the input node 1 to the output node 3) of an input signal, The capacitor CGD
OFF 15 (gate drain capacitance when the switching transistor M1 carries out a turn-off),
Capacitor CGS OFF 17 (when the switching transistor M1 carries out a turn-off) The series /
parallel value of a ** gate source capacitance, and capacitor CDS1 (19) and (a drain source
capacitance when the switching transistor M1 carries out a turn-off) determine. The feed through
of an input signal relates to input-output separation of RF switch 10 directly desirably. The size
of feed through is decreased using the shunt transistor M2 (7), and the separation characteristics
of an RF switch are improved by it.

[0008]

When the switching transistor M1 (5) is a turn-off, turn-on of the shunt transistor M2 of Fig.1 ¢
(7) is carried out. In this condition, the shunt transistor M2 (7) mainly works as a resistor of the
value r. Depending on a design, the value of r is much smaller than impedance peculiar to RF
power. As a result, r decreases remarkably the voltage of the input part of the switching transistor
M1 (5). When the value of r is much smaller than the power resistors RO (9) and feed-through
capacitive resistance of the shunt transistor M2 (7), separation can be calculated easily. Switch
separation of the OFF state of RF switch 10 is determined with the difference between the
maximum available electric power of an input part, and the electric power of an outputting part.
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[0009]

It is the capability to process the input power with another, important big RF switch performance
characteristic in addition to the insertion loss of an RF switch, and separation. When turn-on of
the switch is carried out, this is fixed frequency and is making for insertion loss not to serve as a
function of input power into a positive thing. It is called for by many field of application that a
switch cannot be distorted in the electric power sent through the switch which carried out
"switch-on." For example, when two sounds which approached pass an RF switch
simultaneously, they may start an intermodulation (IM) for the nonlinearity of a switch, and may
generate a pseudo voice by the channel which adjoins by that cause. For example, when securing
these adjoining channels for the information signal, the electric power of a pseudo voice must be
maintained as small as possible. Switch compression or a "1-dB compression point" ("P1dB")
shows the capability to process electric power. P1dB, it defines as input power when insertion
loss increases only 1 dB from the low-electric-power value. Or when it has another way of
speaking, a 1-dB compression point is a degree of the electric energy which can be input into an
RF switch in an input port, before output power of only 1 dB deviates from linear relation with
input power.

[0010]

Switch compression is generated in any one of the two routes. In order to understand how switch
compression occurs, it describes about operation of the MOSFET transistor shown in RF switch
10 of Fig.1 a - 1c. In order to carry out turn-on of the MOSFET as everyone knows in the
transistor design field, the gate source bias exceeding threshold voltage Vt is required. Similarly,
gate source bias must be smaller than Vt, in order for a switch to be come by off. Vtis positive in
"N type" MOSFET.

In "P type" MOSFET, it is negative.

N-channel MOS FET is chosen as RF switch 10 of Fig.1 a - 1c. The source of N-channel MOS
FET is a node of the lowest electric potential.

If Fig.1 c is referred to again and the shunt transistor M2 (7) will carry out turn-on to the part
period of an input signal cycle as a result of the transient voltage of the shunt transistor M2 (7),
input power will be sent to a ground and will be lost to an output. The loss of this electric power
will increase, if input power increases (namely, input signal of the electric power which
increased), and therebys, it causes a first type of compression. The 1-dB compression point of RF
switch 10 is determined by the signal vibration of the input in the point it stops in the shunt
transistor M2 (7) which carried out the turn-off keeping [ OFF / point ] not been. After all, a
negative vibration of an input is lower than a ground, and becomes lower than M2 gate potential
in a similar manner (therefore, it source-izes). If this difference becomes equal to Vt, the
transistor M2 (7) will begin to carry out turn-on, and compression will start. This first type of
compression is caused by the turn-on phenomenon of the no MARIOFU type gate in the shunt
leg of an RF switch. Once the shunt transistor M2 (7) carries out turn-on, the electric power of
the output node 3 will not follow the electric power of a switch input part any longer at linearity.
A second type of RF switch compression is generated when the source and drain of the shunt
transistor M2 (7) carry out breakdown on excessive voltage. This voltage has only the possibility
exceeding service voltage direct-current abbreviation+1V to a submicron silicon on insulator
(SOI) device. In breakdown, a shunt device begins to conduct a lot of electric power, and the
electric power which can be used with an output by that cause decreases.

[0011]
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The simple figure of single pole double throw (SPDT) RF switch 20 by the advanced technology
is shown in Fig.2. As shown in Fig.2, four MOSFET transistors 23, 24, 27, and 28 are contained
in RF switch 20 of the advanced technology at worst. The transistors 23 and 25 work as a "path"
or a "switching" transistor (to switching MOSFET transistor M1 (5) and the appearance of
drawing 1 a-1c), It is constituted so that each of these related RF input node may be combined
with RF node 25 common in alternative. For example, when operating, the switching transistor
23 combines the first input signal "RF1" that is an input to the first RF input node 21 to the RF
common nodes 25 (namely, when switched to "ON"). Similarly, when operating, the switching
transistor 24 combines the second RF input signal "RF2" which is an input to the second RF
input node 22 to the RF common nodes 25. The shunt transistors 27 and 28 by the case where it
is operating those related RF input nodes, When not having combined with the RF common
nodes 25, it works in order to shunt each related RF input node to a ground in alternative
(namely, when the turn-off of the switching transistor (23 or 24) connected to those related input
nodes is carried out).

[0012]

In order to control operation of the RF switch of the advanced technology to be shown in Fig.2,
two control voltage is used. The control voltage with the name of "SW" and its reverse "SW_"
controls operation of the transistors 23, 24, 27, and 28. control voltage is an alternative about the
pair of the selected transistor ---like -- an operation (turn-on) -- or it is adjusted so that it may be
made non-operative (turn-off). For example, as shown in Fig.2, SW turns on (according to some
embodiments). When this is determined by setting control voltage to a voltage level logically
"high", for example, "+Vdd", the switching transistor 23 is operating and the related shunt
transistor 28 also operates. However, reverse SW_ of SW controls operation and its related shunt
transistor 27 of the second switching transistor 24, and control signal SW_, during ON
(according to some embodiments, this is determined by setting SW_ as -Vdd) of SW, since it is
off, these two transistors are non-operative in this same period -- or the turn-off is carried out.
RF1 input signal is combined with the RF (passing switching transistor 23 which is operating)
common port 25 in this state (in SW, SW_ turns off by ON). Since the turn-off of the second
switching transistor 24 is carried out, RF2 input signal is blocked from the RF common port 25.
Moreover, since an RF2 input signal is shunted in a ground via the shunt transistor 28 which is
operating, it is further separated from the RF common port 25. When [ whose SW control signal
is "OFF" (and SW_ "ON") like ] it will be understood easily, the person skilled in the art of the
transistor design field, RF2 signal is the same method and is combined with the RF common port
25 (and RF1 signal is shunted to a block ** leg round).

[0013]

RF switches, such as SPDF, RF switch 20, etc. of Fig.2, have so far been realized with the result
on various performances in different element technology including a bulk complementary metal
oxide semiconductor (CMOS) and gallium arsenide (GaAs) technology. In fact, GaAs
technology is being used for almost all highly efficient high frequency switches. In realization of
the RF switch by the advanced technology, although it has tried to improve the above-mentioned
RF switch performance characteristic, those results are miscellaneous and are various. [ of the
complexity of an integrated circuit and the degree of the yield ] For example, bulk CMOS and an
RF switch show a high insertion loss performance characteristic, the low compression
performance characteristic, and an insufficient linearity performance characteristic to a
disadvantageous thing. By contrast, for semi insulating [ of GaAs material ], the parasitism board
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resistance can decrease remarkably and, thereby, can decrease switch insertion loss. Similarly, a
half-insulation GaAs substrate improves switch separation.

[0014]

Although improvement in a performance characteristic is brought about by realization of a
GaAsRF switch, this technology has some faults. For example, the yield of the integrated circuit
which functions normally in GaAs technology is comparatively low. It tends to become
expensive [ a design and manufacture ] comparatively [ a GaAsRF switch ]. In addition, although
GaAs switches improve an insertion loss characteristic as mentioned above, frequency
restrictions may become low for the slow surface state which exists in a GaAs substrate. Since
this technology is not fit for integration of the high level, an "off-chip" needs to realize the digital
control circuit relevant to an RF switch from a switch. It turns out that the low-electric-power
circuit relevant to a switch is difficult to be accumulated. Since this makes overall system cost or
manufacturing cost, size, and complexity increase and decreases the throughput speed of a
system similarly, it is disadvantageous.

EX-

1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0206



* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.#%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

TECHNICAL PROBLEM

[Problem to be solved by the invention]

[0015]

Therefore, it is desirable to provide the method of switching the RF switch and RF signal which
have an improved performance characteristic. It is desirable to provide the RF switch which
insertion loss, separation, and compression have improved especially. Design manufacture of
such an RF switch was completed easily, it was manufactured comparatively inexpensive, and is
fit for accumulation of the high level, and it is desirable that it is applicable from a low frequency
wave to high frequency. It should enable it to accumulate a power control circuit on chip simply
with a switch function. Such accumulation was difficult to realize until now using a Si substrate
and a GaAs substrate. The present invention provides such an RF switch and the switching
method of an RF signal.
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JPO and INPIT are not responsible for any
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1.This document has been translated by computer. So the translation may not reflect the original
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MEANS

[Means for solving problem]

[0016]

The outline of invention

It describes about the switching method of a new RF switching circuit and an RF signal. An RF
switch is usable for a wireless use, and can be manufactured with silicon on insulator technology.
In one embodiment, an RF switch is manufactured on an ultra-thin silicon ("UTSi") substrate.
The following thing is contained in an RF switch in one embodiment. Namely, the first switching
transistor group who is connected to the input part for receiving an RF signal, the input part for
receiving an RF signal, and RF common port, and is controlled by switching voltage (SW), It is
connected to a first switching transistor group and RF common port, The second switching
transistor group controlled by switching voltage (SW_) is contained, and SW_ is the reverse of
SW, and when a first switching transistor group is ON, a second switching transistor group is
come by off. A switching transistor group connects each RF input signal to RF common port in
alternative, while operating. In this embodiment, it is combined with an RF switch by the
switching transistor group again, and the shunt transistor group controlled by the switching
voltage SW and SW_ is contained. While operating, a shunt transistor group works so that those
related RF input nodes may be shunted to a ground in alternative, and improves RF switch
separation by it.

[0017]

One or more MOSFET transistors connected by lamination or series constitution are contained in
both switching and a shunt transistor group. Within each transistor group, the gate of a
lamination transistor is usually controlled by switching voltage (SW or SW_), and this switching
voltage is combined with each transistor gate via each gate resistance machine. The compression
point of a switch increases with lamination and the gate resistance machine of a transistor group
device. The RC time constant formed of the gate resistance machine and gate capacitance of
MOSFET is designed to become much longer than the cycle of an RF signal, and RF voltage is
equally shared with the whole series-connection device. By this composition, the 1-dB
compression point of an RF switch increases.

[0018]

It describes about the RF switch integrated completely. A digital switch control logic circuit and
the negative power-supply-voltage generator accumulated with the RF switch of the present
invention are contained in this RF switch. According to one embodiment, the RF switch of the
advanced technology is provided with some functions not existing by the RF switch integrated
completely. For example, in one embodiment, to the RF switch integrated completely. The built-
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in type oscillator which supplies a clock input signal to a charge pump circuit, and the charge
pump circuit which generates the negative power supply voltage which other RF switching
circuits need and which were accumulated, The CMOS logic circuit which generates the control
signal which controls RF switch transistor, The level shift circuit and low current voltage divider
circuit which increase the reliability of a switch device, and the RF buffer circuit which separates
RF signal energy from a charge pump circuit and a digital control logic circuit are included. It
describes about some embodiments of a charge pump circuit, a level shift circuit, a voltage
divider, and an RF buffer circuit. By the RF switch of the present invention, insertion loss,
switch separation, and switch compression are improved. Thanks to the accumulation of a higher
level which becomes available with the RF switch of the present invention, by using the present
invention, a design and manufacturing cost of RF system decrease, and reliability increases.

In the following brief explanation of the drawings, the same reference mark of various Drawings
shows the same component.

EX-

1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0209



* NOTICES *

JPO and INPIT are not responsible for any
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DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]

[0087]

[Fig.1 a] It is a simple electric diagram of the single-pole single-throw (SPST) RF switch by the
advanced technology used in order to describe the performance characteristic of an RF switch.
[Fig.1 b] It is a simple electric diagram of SPST and the RF switch in Fig.1 a, and this switch
turns "ON" and the characteristics with a main switch when passage of an RF signal is attained
from an input node to an output node are shown.

[Fig.1 c] An RF switch turns "OFF" and the equivalent small signal electrical property of the RF
switch in Fig.1 a when an RF signal is blocked with it from an output node, and 1b is shown.
[Drawing 2]1t is a simple electric diagram of the single pole double throw (SPDT) RF switch by
the advanced technology.

[Drawing 3]1t is an electric diagram of the RF switch by one embodiment of the present
invention.

[Drawing 4]1t is a simple block diagram of the RF switch which was manufactured according to
the present invention and which is illustration-like and was integrated completely.

[Fig.5 a] It is a simple block diagram of one illustration embodiment in the negative voltage
generator shown in the simple block diagram of Fig.4.

[Fig.5 b] It is an electric diagram of the first embodiment in the charge pump circuit used since
negative service voltage is generated to the RF switch of Fig.4.

[Fig.5 c] It is the plot of a voltage swing versus [ which shows two voltage swings of a clock
signal which do not overlap but change temporally ] time used in order to control the charge
pump circuit of Fig.5 b.

[Fig.6 a] It is an electric diagram of the first embodiment in the level shift circuit of the present
invention.

[Fig.6 b] It is an electric diagram of one embodiment in the inverter used in order to realize the
level shifter of Fig.6 a.

[Fig.7 a] It is the plot of a voltage swing versus time of the output signal which the level shifter
of the present invention of Fig.6 a corresponding to a digital input signal and it generates.

[Fig.7 b] They are simple logical symbols of the level shifter of the present invention in Fig.6 a.
[Fig.8 a] It is an electric diagram of one embodiment in a two-step level shifter and RF buffer
circuit including the level shifter of the 1st step, and the RF buffer circuit of the 2nd step.

[Fig.8 b] It is a simple block diagram of an interface to the RF buffer circuit of a digital control
input and Fig.8 a.
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[Fig.9 a] It is an electric diagram of one embodiment in the low current voltage divider (LCVD)
circuit which manufactured according to invention of this RF switch.

[Fig.9 b] They are simple logical symbols used in order to express the voltage divider of Fig.9 a.
[Drawing 10]It is an electric diagram of the second embodiment in the level shift circuit which
uses the low current voltage divider circuit of Fig.9 a in combination with the level shift circuit
of Fig.6 a.

[Fig.11 a] It is an electric diagram showing the alternative embodiment of the two-step level
shifter and RF buffer circuit of Fig.8 a.

[Fig.11 b] It is an electric diagram showing the alternative embodiment of the two-step level
shifter and RF buffer circuit of Fig.§ a.

[Drawing 12]It is an electric diagram of the correction charge pump which uses the level shift
circuit of Fig.10.
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WRITTEN AMENDMENT

[Written Amendment]

[Filing date]Heisei 15(2003) November 3 (2003.11.3)

[Amendment 1]

[Document to be Amended]Claims

[Item(s) to be Amended]Whole sentence

[Method of Amendment]Change

[The contents of correction]

[Claim(s)]

[Claim 1]

(a) A first input port that receives a first RF input signal,

(b) A second input port which receives a second RF input signal,

(c) RF common port,

(d) Each transistor has the gate resistance of abbreviation 30komega at least, A first node that is a
first switch transistor group containing two or more transistors arranged at laminated
constitution, and was combined with said first input port, A first switch transistor group who has
the second node combined with the aforementioned RF common port, and is controlled by a
switch control signal (SW),

(e) Each transistor has the gate resistance of abbreviation 30komega at least, A first node that is a
second switch transistor group containing two or more transistors arranged at laminated
constitution, and was combined with said second input port, A second switch transistor group
who has the second node combined with the aforementioned RF common port, and is controlled
by an inversion signal (SW_) of the aforementioned switch control signal (SW),

(f) each transistor -- at least -- about -- with a first node that is a first shunt transistor group
containing two or more transistors which have the gate resistance of 30komega, and which are
arranged at laminated constitution, and was combined with said second input port, A first shunt
transistor group who has the second node combined with a ground and is controlled by the
aforementioned switch control signal (SW),

(g) each transistor -- at least -- about -- with a first node that is a second shunt transistor group
containing two or more transistors which have the gate resistance of 30komega, and which are
arranged at laminated constitution, and was combined with said first input port, It is an RF
switching circuit for switching an RF signal which has the second node combined with a ground
and is controlled by an inversion signal (SW_) of the aforementioned switch control signal (SW)
and including a second shunt transistor group,
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When the aforementioned switch control signal SW is effective, while said first switch transistor
group and said first shunt transistor group operate, Become non-operative [ said second switch
transistor group and said second shunt transistor group ], and by that cause, Pass said first RF
input signal to the aforementioned RF common port, shunt said second RF input signal to a
ground, and when the aforementioned switch control signal SW is un-effective, While said
second switch transistor group and said second shunt transistor group operate, An RF switching
circuit which said first switch transistor group and said first shunt transistor group become non-
operative, pass said second RF input signal to the aforementioned RF common port by that
cause, and shunts said first RF input signal to a ground.

[Claim 2]

The RF switching circuit according to claim 1 manufactured in silicon on insulator (SOI)
technology.

[Claim 3]

The RF switching circuit according to claim 1 manufactured on an ultra-thin silicon ("UTSi")
substrate.

[Claim 4]

Said perfect insulation sapphire wafer the joint effect of a substrate by decreasing including a
paralle]l MOSFET transistor by which the aforementioned transistor group is formed in a thin
silicon layer on a perfect insulation sapphire wafer, The RF switching circuit according to claim
3 which improves the performance characteristic of the aforementioned RF switch.

[Claim 5]

The RF switching circuit according to claim 4 which decrease in number when switch insertion
loss decreases on resistance of the aforementioned MOSFET transistor.

[Claim 6]

The RF switching circuit according to claim 4 improved when the switch separation
characteristics of the aforementioned RF switch decrease parasitic capacitance between nodes of
the aforementioned MOSFET transistor.

[Claim 7]

The RF switching circuit according to claim 3 where the aforementioned transistor group
contains two or more MOSFET transistors.

[Claim 8]

The RF switching circuit according to claim 7 where the aforementioned MOSFET transistor
contains a gate resistance machine usually controlled by switching voltage.

[Claim 9]

The RF switching circuit according to claim 8 by which the aforementioned gate resistance
machine combined with a transistor gate node of said first switch transistor group and said first
shunt transistor group is usually controlled by the aforementioned switch control signal SW.
[Claim 10]

The RF switching circuit according to claim 8 where the aforementioned gate resistance machine
combined with a transistor gate node of said second switch transistor group and said second
shunt transistor group is usually controlled by aforementioned reversing-switch control signal
SW_.

[Claim 11]

The RF switching circuit according to claim 8 where the aforementioned RC time constant
relevant to each MOSFET transistor in the aforementioned transistor group exceeds a cycle of
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the aforementioned RF input signal far, and RF voltage is equally shared by it by the
aforementioned whole MOSFET transistor.

[Claim 12]

Breakdown voltage of two or more aforementioned whole lamination MOSFET transistors of a
selected transistor group, The RF switching circuit according to claim 8 where it is increased
effectively [ breakdown voltage of an individual MOSFET transistor of a transistor group who
chose / aforementioned ] n times, and n includes the total of an MOSFET transistor in a transistor
group who chose [ aforementioned ].

[Claim 13]

The RF switching circuit according to claim 12 which has a related 1-dB compression point and
increases the aforementioned 1-dB compression point using the aforementioned lamination
MOSFET transistor composition.

[Claim 14]

Said first RF input signal and said second RF input signal have a related input power level, and
an input power level which increased by increasing the number of MOSFET transistors for every
transistor group, The RF switching circuit according to claim 7 which can be adjusted in the
aforementioned RF switching circuit.

[Claim 15]

Said first RF input signal and said second RF input signal have a related input power level, and
by changing physical size of a transistor which uses an input power level which increased for a
transistor group's realization, The RF switching circuit according to claim 7 which can be
adjusted in the aforementioned RF switching circuit.

[Claim 16]

(a) An RF switching circuit of a description to Claim 3,

(b) A control logic block which outputs the aforementioned switch control signal (SW) and the
aforementioned reversing-switch control signal (SW_) and which was combined with the
aforementioned RF switching circuit,

(c) A negative voltage generator combined with the aforementioned control logic block which
receives positive power supply voltage of a clock input signal and an external power, and outputs
negative power supply voltage,

wkxksk an RF switching circuit integrated completely.

[Claim 17]

The RF switching circuit according to claim 16 on which the aforementioned RF switching
circuit is accumulated by integrated circuit (IC) with two or more digital circuits and analog
circuitry and which was integrated completely.

[Claim 18]

(a) -- (1) -- a first input port that receives a first RF input signal,

(ii) A second input port which receives a second RF input signal,

(iii) RF common port,

(iv) A first switch transistor group who has a first node combined with said first input port, and
the second node combined with the aforementioned RF common port, and is controlled by a
switch control signal (SW),

(v) A second switch transistor group who has a first node combined with said second input port,
and the second node combined with the aforementioned RF common port, and is controlled by
an inversion signal (SW_) of the aforementioned switch control signal (SW),
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(vi) A first shunt transistor group who has a first node combined with said second input port, and
the second node combined with a ground, and is controlled by the aforementioned switch control
signal (SW),

(vii) A second shunt transistor group who has a first node combined with said first input port,
and the second node combined with a ground, and is controlled by an inversion signal (SW_) of
the aforementioned switch control signal (SW),

While it is ****** and an RF switching circuit, the SW is operating and said first switch
transistor group and said first shunt transistor group operate, Become non-operative [ said second
switch transistor group and said second shunt transistor group ], and by that cause, Pass said first
RF input signal to the aforementioned RF common port, shunt said second RF input signal to a
ground, and when SW is non-operative, While said second switch transistor group and said
second shunt transistor group operate, Become non-operative [ said first switch transistor group
and said first shunt transistor group ], and by that cause, An RF switching circuit which passes
said second RF input signal to the aforementioned RF common port, and shunts said first RF
input signal to a ground, and is manufactured on an ultra-thin silicon ("UTSi") substrate,

(b) A control logic block which is combined with the aforementioned RF switching circuit and
outputs the aforementioned switch control signal (SW) and the aforementioned reversing-switch
control signal (SW_),

(c) A negative voltage generator which it is combined with the aforementioned control logic
block, and a clock input signal and positive power supply voltage of an external power are
supplied, and outputs negative power supply voltage,

(d) An oscillator which outputs a clock input signal,

(e) A charge pump which is combined with the aforementioned oscillator which inputs the
aforementioned clock input signal, and outputs negative power supply voltage,

(f) A logic circuit block which outputs a control signal which is combined with the
aforementioned charge pump and used for control of the aforementioned switch transistor group
and the aforementioned shunt transistor group,

(g) A level shift circuit which decrease in number a gate drain, a gate source, and drain source
voltage of an MOSFET transistor used in order to be combined with the aforementioned logic
circuit block and the aforementioned RF switching circuit and to realize the aforementioned
transistor group,

(h) An RF buffer circuit which is combined with the aforementioned RF switching circuit and
separates RF signal energy from the aforementioned electric charge pump block and the
aforementioned logic circuit block,

An RF switching circuit integrated by ****** completeness.

[Claim 19]

The aforementioned charge pump,

(a) At least two P channel MOS FET transistors,

(b) An N-channel metal oxide semiconductor FET transistor which it is at least two N-channel
metal oxide semiconductor FET transistors, and each is combined with each related P channel
MOS FET transistor and series, and forms each leg of the aforementioned charge pump by it,
(c) At least one joint capacitor which combines each leg of the aforementioned charge pump
combined with a continuation leg,

(d) An output capacitor combined with an output leg of the aforementioned charge pump,

An implication,
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Since the aforementioned P channel MOS FET transistor and the aforementioned N-channel
metal oxide semiconductor FET transistor are driven for the aforementioned negative power
supply voltage, The RF switching circuit according to claim 18 which is generated with the
aforementioned charge pump by using a non-overlapping input clock signal, and charging and
discharging alternately the aforementioned joint capacitor and the aforementioned output
capacitor and which was integrated completely.

[Claim 20]

The RF switching circuit according to claim 19 where a first non-overlapping clock control
signal controls P channel transistor including two non-overlapping clock control signals in the
aforementioned non-overlapping input clock signal, and a second non-overlapping clock control
signal controls N channel transistor and which was integrated completely.

[Claim 21]

The RF switching circuit according to claim 19 whose aforementioned P channel transistor and
aforementioned N channel transistor are single threshold value transistors and which was
integrated completely.

[Claim 22]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal is generated by pulse shift circuit and which was integrated completely.

[Claim 23]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal is pulled out from the aforementioned oscillator clock input signal and which was
integrated completely.

[Claim 24]

The RF switching circuit according to claim 19 where the aforementioned oscillator contains a
relaxation oscillator and which was integrated completely.

[Claim 25]

The RF switching circuit according to claim 19 where the aforementioned non-overlapping input
clock signal changes by a voltage swing from -Vdd to +Vdd and which was integrated
completely.

[Claim 26]

The RF switching circuit according to claim 18 where the aforementioned level shift circuit
contains two or more inverters combined with both feedback composition and which was
integrated completely.

[Claim 27]

In the aforementioned inverter, the aforementioned level shift circuit including a first difference
input, a second difference input, a logic input, and fanout,

(a) Are an input inverter group containing two input differential inverters, and a first input
differential inverter receives a logic-input signal (input), An input inverter group to whom a first
logic-input signal (in) is outputted, and a second input differential inverter receives said first
logic-input signal (in), and outputs reverse (in_) of said first logic-input signal,

(b) He is a first inverter group containing three differential inverters, The aforementioned fanout
of a first inverter in said first inverter group, It is combined with said first logic-input signal (in),
and the aforementioned fanout of said first inverter, It is combined with a first difference input of
output inverters in said first inverter group, The aforementioned fanout of a second inverter in
said first inverter group, A first inverter group to whom it is combined with a second difference
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input of the aforementioned output inverters in said first inverter group, and said first inverter
group's aforementioned output inverters output a first output signal (out),

(c) He is a second inverter group containing three differential inverters, The aforementioned
fanout of said second inverter group's first inverter, It is combined with said reverse (in_) of said
first logic-input signal, and the aforementioned fanout of said first inverter in said second
inverter group, It is combined with a first difference input of output inverters in said second
inverter group, The aforementioned fanout of a second inverter in said second inverter group, It
is combined with a second difference input of the aforementioned output inverters in said second
inverter group, and the aforementioned output inverters in said second inverter group contain
said second inverter group who outputs a second output signal (out_),

Said first output signal (out) is supplied as feedback, It inputs into a logic-input part of said
second inverter in said second inverter group, The RF switching circuit according to claim 26
which said second output signal (out_) is supplied as feedback, and is input into a logic-input
part of said second inverter in said first inverter group and which was integrated completely.
[Claim 28]

The RF switching circuit according to claim 27 where said first output signal and said second
output signal control the aforementioned switch transistor group and the aforementioned shunt
transistor group of the aforementioned RF switch and which was integrated completely.

[Claim 29]

The RF switching circuit according to claim 26 which shifts direct current level of the
aforementioned logic-input signal (input) without the aforementioned level shift circuit affecting
a frequency response of the aforementioned input signal and which was integrated completely.
[Claim 30]

The aforementioned RF buffer circuit includes two stage circuits including the 1st step level shift
circuit and the 2nd step RF buffer circuit, Said 1st step level shift circuit includes a level shift
circuit defined by Claim 27, In said 2nd step RF buffer circuit, said two or more second
differential inverters have a first difference input, a second difference input, a logic input, and
fanout including two or more second differential inverters, respectively, and said 2nd step RF
buffer circuit is further,

(a) He is a first RF buffer inverter group containing three differential inverters, The
aforementioned logic input of a first inverter in said first RF buffer inverter group and a second
inverter by the aforementioned level shift circuit, It is combined with said first output signal (out)
output, and the aforementioned fanout of said first inverter in said first RF buffer inverter group,
It is combined with a first difference input of output inverters in said first RF buffer inverter
group, The aforementioned fanout of said second inverter in said first RF buffer inverter group,
A first RF buffer inverter group to whom it is combined with a second difference input of the
aforementioned output inverters in said first RF buffer inverter group, and said first RF buffer
inverter group's aforementioned output inverters output a first output signal (OUT),

(b) He is a second RF buffer inverter group containing three differential inverters, The
aforementioned logic input of a first inverter in said second RF buffer inverter group and a
second inverter by the aforementioned level shift circuit, It is combined with said second output
signal (out_) output, and the aforementioned fanout of said first inverter in said second RF buffer
inverter group, It is combined with a first difference input of output inverters in said second RF
buffer inverter group, The aforementioned fanout of said second inverter in said second RF
buffer inverter group, A second RF buffer inverter group to whom it is combined with a second
difference input of the aforementioned output inverters in said second RF buffer inverter group,
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and said second RF buffer inverter group's aforementioned output inverters output a second
output signal (OUT_),

wkxkk the RF switching circuit according to claim 18 integrated completely.

[Claim 31]

The RF switching circuit according to claim 30 where the aforementioned RF buffer circuit
separates a digital logic signal from the aforementioned RF switching circuit and which was
integrated completely.

[Claim 32]

Said 2nd step RF buffer circuit does not supply feedback of the aforementioned output signal
OUT and OUT_ to said 1st step level shift circuit, but it by it, The RF switching circuit
according to claim 31 which improves separation of the aforementioned RF switch from the
aforementioned digital logic signal and which was integrated completely.

[Claim 33]

The RF switching circuit according to claim 30 where a transistor used in order to realize said 1st
step level shift circuit is smaller than a transistor used in order to realize said 2nd step RF buffer
circuit and which was integrated completely.

[Claim 34]

A voltage divider circuit combined with the aforementioned output signal (out) and (out_) is
included further, The RF switching circuit according to claim 27 where the aforementioned
voltage divider circuit restricts a voltage level of the aforementioned output signal, and the
aforementioned output signal is supplied to said second inverter of said 1st inverter group and
said 2nd inverter group as feedback after that and which was integrated completely.

[Claim 35]

The RF switching circuit according to claim 34 where the aforementioned voltage divider circuit
restricts the aforementioned voltage level to Vdd substantially and which was integrated
completely.

[Claim 36]

The aforementioned voltage divider contains two or more MOSFET devices combined with both
series constitution, The RF switching circuit according to claim 34 where an output MOSFET
device is combined with a ground node via a ballast-resistances machine, and the aforementioned
MOSFET device performs a diode function and which was integrated completely.

[Claim 37]

The aforementioned RF buffer circuit includes two stage circuits including the 1st step level shift
circuit and the 2nd step RF buffer circuit, Said 1st step level shift circuit includes a level shift
circuit defined by Claim 34, Said 2nd step RF buffer circuit contains two or more second
differential inverters, said two or more second differential inverters include a first difference
input, a second difference input, a logic input, and fanout, respectively, and said 2nd step RF
buffer circuit is further,

(a) Are a first RF buffer inverter group containing three differential inverters, and the
aforementioned logic input of a first inverter in said first RF buffer inverter group by the
aforementioned level shift circuit, It is combined with a first output signal (out_pos1) output, and
the aforementioned logic input of a second inverter in said first RF buffer inverter group by the
aforementioned level shift circuit, It is combined with a second output signal (out_negl) output,
and the aforementioned output of said first inverter in said first RF buffer inverter group, It is
combined with a first difference input of output inverters in said first RF buffer inverter group,
The aforementioned fanout of said second inverter in said first RF buffer inverter group, A first
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RF buffer inverter group to whom it is combined with a second difference input of the
aforementioned output inverters in said first RF buffer inverter group, and said first RF buffer
inverter group's aforementioned output inverters output a first output signal (OUT),

(b) Are a second RF buffer inverter group containing three differential inverters, and the
aforementioned logic input of a first inverter in said second RF buffer inverter group by the
aforementioned level shift circuit, It is combined with the 3rd output signal (out_pos2) output,
and the aforementioned logic input of a second inverter in said second RF buffer inverter group
by the aforementioned level shift circuit, It is combined with the 4th output signal (out_neg2)
output, and the aforementioned output of said first inverter in said second RF buffer inverter
group, It is combined with a first difference input of output inverters in said second RF buffer
inverter group, The aforementioned fanout of said second inverter in said second RF buffer
inverter group, It is combined with a second difference input of the aforementioned output
inverters in said second RF buffer inverter group, and said second RF buffer inverter group's
aforementioned output inverters contain a second RF buffer inverter group who outputs a second
output signal (OUT_),

Said first output signal (out_posl) includes an output to which the buffer of said first inverter in
said first inverter group of the aforementioned level shift circuit was carried out, Said second
output signal (out_negl) includes an output to which the buffer of said second inverter in said
first inverter group of the aforementioned level shift circuit was carried out, Said 3rd output
signal (out_pos2) includes an output to which the buffer of said first inverter in said second
inverter group of the aforementioned level shift circuit was carried out, The RF switching circuit
according to claim 18 where said 4th output signal (out_neg2) includes an output to which the
buffer of said second inverter in said second inverter group of the aforementioned level shift
circuit was carried out and which was integrated completely.

[Claim 38]

The RF switching circuit according to claim 20 which the aforementioned non-overlapping input
clock signal is input into a level shift circuit defined by Claim 34, and is input into the account
charge pump of back to front and which was integrated completely.

[Claim 39]

The aforementioned level shift circuit includes a first level shift circuit and a second level shift
circuit, Said first level shift circuit and said second level shift circuit are defined by Claim 34,
Said first level shift circuit outputs a first output signal (clk1pos) from the aforementioned fanout
of said first inverter in the first inverter group, A second output signal (clklneg) is outputted
from the aforementioned fanout of said second inverter in the first inverter group, The 3rd output
signal (clk1pos_) is outputted from the aforementioned fanout of said first inverter in the second
inverter group, The 4th output signal (clklneg_) is outputted from the aforementioned fanout of
said second inverter in the second inverter group, Said second level shift circuit outputs a fifth
output signal (clk2pos) from the aforementioned fanout of said first inverter in the first inverter
group, A sixth output signal (clk2neg) is outputted from the aforementioned fanout of said
second inverter in the first inverter group, A seventh output signal (clk2pos_) is outputted from
the aforementioned fanout of said first inverter in the second inverter group, The RF switching
circuit according to claim 38 which outputs an eighth output signal (clk2neg_) from the
aforementioned fanout of said second inverter in the second inverter group and which was
integrated completely.

[Claim 40]
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Said 3rd output signal (clk1pos_) controls a first P channel MOS FET transistor of the
aforementioned charge pump, Said 4th output signal (clklneg_) controls a second P channel
MOS FET transistor of the aforementioned charge pump, Said fifth output signal (clk2pos)
controls a first N-channel metal oxide semiconductor FET transistor relevant to said first P
channel MOS FET transistor, The RF switching circuit according to claim 39 where said sixth
output signal (clk2neg) controls a second N-channel metal oxide semiconductor FET transistor
relevant to said second P channel MOS FET transistor and which was integrated completely.
[Claim 41]

(a) A step which inputs a first RF input signal into a first switch transistor group containing two
or more lamination transistors and a first shunt transistor group,

(b) A step which inputs a second RF input signal into a second switch transistor group containing
two or more lamination transistors and a second shunt transistor group,

(c) While operating said first switch transistor group, While making said second switch transistor
group non-operative, make said first shunt transistor group non-operative, operate said second
shunt transistor group simultaneously, and by it, A step which passes said first RF input signal
and makes said second RF input signal shunt,

(d) While operating said second switch transistor group, While making said first switch transistor
group non-operative, make said second shunt transistor group non-operative, operate said first
shunt transistor group simultaneously, and by it, A step which passes said second RF input signal
and makes said first RF input signal shunt,

How to switch ****** and an RF signal.

[A Written Amendment]

[Filing date]Heisei 16(2004) June 9 (2004.6.9)

[Amendment 1]

[Document to be Amended]Description

[Item(s) to be Amended]Whole sentence

[Method of Amendment]Change

[The contents of correction]

[Document Name]Description

[0001]

The cross-reference of a related provisional application claim of priority

The present invention is the U.S. provisional application 60th under pendency / No. 328,353 (on
October 10, 2001). [ and ] About the name "silicon on insulator (Silicon-On-Insulator) RF
switch", the profits of the 119 sections of U.S. code [ 35th piece ] (e) item were asserted, and the
contents are used for this Description as a whole.

[Field of the Invention]

[0002]

The background of invention

The field of invention

Especially the present invention relates to the switching circuit in an integrated circuit, and the
switching method of a high frequency (RF) signal about a switch. According to one embodiment,
the CMOS device realized on [ for using it in the field of application of RF, such as a wireless
communication equipment, a satellite, and cable TV, ] a silicon on insulator (SOI) is contained in
this switching circuit.
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[Background of the Invention]

[0003]

The description of a pertinent art

As everyone knows, the high frequency (RF) switch serves as an important configuration block
in many wireless communication systems. The RF switch is used for the communication
equipment with which many, such as a cellular phone, a wireless pager, wireless infrastructure
equipment, satellite communication equipment, and cable TV equipment, differ. As everyone
knows, it opts for the performance of an RF switch by the three main performance parameters of
operation, i.e., insertion loss, switch separation, and a "1-dB compression point." These three
performance parameters are connected closely, and in the design of an RF switch component,
when they think any one parameter as important, other parameters will be sacrificed for them.
The 4th parameter sometimes taken into consideration in an RF switch design is usually called
switching time or switching speed (one side of a switch is turned ON and defined as time
required to turn OFF an opposite side). In the design of an RF switch, the ease of RF switch
accumulation, a degree (level), complexity, the yield, a returned-goods loss, and a manufacturing
cost are contained in other important indices.

[0004]

The performance parameter of these RF switches can be more easily described with reference to
the RF switch design by the advanced technology shown in the simple circuit diagram of Fig.1 a
- 1c. The simple circuit diagram of single-pole single-throw (SPST) RF switch 10 of the
advanced technology is shown in Fig.1 a. The switching transistor M1 (5) and the shunt
transistor M2 (7) are contained in SPST switch 10 of the advanced technology. If Fig.1 a is
referred to here, it will be dependent on the state of two MOSFET transistors M1 (5) and the
control voltage of M2 (7) (). Namely, depending on the DC bias applied to the gate input part of
the MOSFET switching transistor M1 and the shunt transistor M2, respectively an RF signal, It
is sent to the RF output node 3 from the RF input node 1, or shunts via the shunt transistor M2
(7) in a ground. The actual value of DC bias voltage is dependent on MOSFET transistor M1 (95),
and the polarity of M2 (7) and a threshold value. An RF power signal and the in-series resistor
RO (9) separate bias from a power supply signal, and are indispensable for the highest switch
performance. "ON" state of RF switch 10 in Fig.1 a is shown in Fig.1 b (that is, to Fig.1 b). RF
switch 10 shows the equivalent small signal value of the transistors M1 and M2 in case "ON"
and the switching transistor M1 (5) are [ ON and the shunt transistor M2 (7) ] OFF. "OFF" state
of the switch 10 of Fig.1 a is shown in Fig.1 ¢ (that is, RF switch 10 shows the equivalent small
signal value of the transistors M1 and M2 in case "OFF" and the switching transistor M1 (5) are [
OFF and the shunt transistor M2 (7) ] ON to Fig.1 ¢).

[0005]

As shown in Fig.1 b, when RF switch 10 is ON, the switching transistor M1 (5) is mainly
resistance, and, on the other hand, its shunt transistor M2 (7) is mainly capacitive. "Insertion
loss" of RF switch 10 is determined from the difference between the maximum available electric
power in the input node 1, and the electric power supplied to the load of the output node 3. In a
low frequency wave, when the switch 10 is ON (Fig.1 b should be referred to), each power loss
originates in the on resistance 13 "r" with the limited switching transistor M1 (5). Typically, the
on resistance r13 (Fig.1 b) is much smaller than the power-resistors machine RO (9). Therefore,
insertion loss "IL" has the characteristics like the formula 1 shown below.

Formula 1: IL is equal to 10 r/R0In(10) =0.087r (dB) substantially.

[0006]

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.
0221



Therefore, the value of r serves as insertion loss of about 0.25 dB as a result at 3ohms by a low
frequency wave. Since insertion loss is largely influenced by the on resistance of an RF switch
transmitter, it lowers transistor on resistance and can improve insertion loss by decreasing
parasitism board resistance.

[0007]

Generally, input-output separation (or simply switch separation) of an RF switch is determined
by measuring the electric energy which "flows" out of an input port into an output port, when the
transistor which has connected the input port and the output port is OFF. As for separation
characteristics, the degree of cutting of an RF switch shows how much (that is, how much does a
switch block an input signal from an output?). If "OFF" state of RF switch 10 in Fig.1 c is
referred to especially here, the OFF state of the switch M1 (5) will serve to block the input 1
from the output 3. The shunt transistor M2 (7) serves to improve input-output separation of the
switch 10.

[0008]

When a turn-off is carried out (namely, when RF switch 10 and the switching transistor M1 (5)
carry out a turn-off) M1 (5), It is mainly capacitive and "feed through" (an RF input signal
should pass from the input node 1 to the output node 3) of an input signal, The capacitor CGD
OFF 15 (gate drain capacitance when the switching transistor M1 carries out a turn-off),
Capacitor CGS OFF 17 (when the switching transistor M1 carries out a turn-off) The series /
parallel value of a ** gate source capacitance, and capacitor CDS1 (19) and (a drain source
capacitance when the switching transistor M1 carries out a turn-off) determine. The feed through
of an input signal relates to input-output separation of RF switch 10 directly desirably. The size
of feed through is decreased using the shunt transistor M2 (7), and the separation characteristics
of an RF switch are improved by it.

[0009]

When the switching transistor M1 (5) is a turn-off, turn-on of the shunt transistor M2 of Fig.1 ¢
(7) is carried out. In this condition, the shunt transistor M2 (7) mainly works as a resistor of the
value r. Depending on a design, the value of r is much smaller than impedance peculiar to RF
power. As a result, r decreases remarkably the voltage of the input part of the switching transistor
M1 (5). When the value of r is much smaller than the power resistors RO (9) and feed-through
capacitive resistance of the shunt transistor M2 (7), separation can be calculated easily. Switch
separation of the OFF state of RF switch 10 is determined with the difference between the
maximum available electric power of an input part, and the electric power of an outputting part.
[0010]

It is the capability to process the input power with another, important big RF switch performance
characteristic in addition to the insertion loss of an RF switch, and separation. When turn-on of
the switch is carried out, this is fixed frequency and is making for insertion loss not to serve as a
function of input power into a positive thing. It is called for by many field of application that a
switch cannot be distorted in the electric power sent through the switch which carried out
"switch-on." For example, when two sounds which approached pass an RF switch
simultaneously, they may start an intermodulation (IM) for the nonlinearity of a switch, and may
generate a pseudo voice by the channel which adjoins by that cause. For example, when securing
these adjoining channels for the information signal, the electric power of a pseudo voice must be
maintained as small as possible. Switch compression or a "1-dB compression point" ("P1dB")
shows the capability to process electric power. P1dB, it defines as input power when insertion
loss increases only 1 dB from the low-electric-power value. Or when it has another way of
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speaking, a 1-dB compression point is a degree of the electric energy which can be input into an
RF switch in an input port, before output power of only 1 dB deviates from linear relation with
input power.

[0011]

Switch compression is generated in any one of the two routes. In order to understand how switch
compression occurs, it describes about operation of the MOSFET transistor shown in RF switch
10 of Fig.1 a - 1c. In order to carry out turn-on of the MOSFET as everyone knows in the
transistor design field, the gate source bias exceeding threshold voltage Vt is required. Similarly,
gate source bias must be smaller than Vt, in order for a switch to be come by off. Vtis positive in
"N type" MOSFET, and negative in "P type" MOSFET. N-channel MOS FET is chosen as RF
switch 10 of Fig.1 a - 1c. The source of N-channel MOS FET is a node of the lowest electric
potential.

[0012]

If Fig.1 c is referred to again and the shunt transistor M2 (7) will carry out turn-on to the part
period of an input signal cycle as a result of the transient voltage of the shunt transistor M2 (7),
input power will be sent to a ground and will be lost to an output. The loss of this electric power
will increase, if input power increases (namely, input signal of the electric power which
increased), and thereby, it causes a first type of compression. The 1-dB compression point of RF
switch 10 is determined by the signal vibration of the input in the point it stops in the shunt
transistor M2 (7) which carried out the turn-off keeping [ OFF / point ] not been. After all, a
negative vibration of an input is lower than a ground, and becomes lower than M2 gate potential
in a similar manner (therefore, it source-izes). If this difference becomes equal to Vt, the
transistor M2 (7) will begin to carry out turn-on, and compression will start. This first type of
compression is caused by the turn-on phenomenon of the no MARIOFU type gate in the shunt
leg of an RF switch. Once the shunt transistor M2 (7) carries out turn-on, the electric power of
the output node 3 will not follow the electric power of a switch input part any longer at linearity.
A second type of RF switch compression is generated when the source and drain of the shunt
transistor M2 (7) carry out breakdown on excessive voltage. This voltage has only the possibility
exceeding service voltage direct-current abbreviation+1V to a submicron silicon on insulator
(SOI) device. In breakdown, a shunt device begins to conduct a lot of electric power, and the
electric power which can be used with an output by that cause decreases.

[0013]

The simple figure of single pole double throw (SPDT) RF switch 20 by the advanced technology
is shown in Fig.2. As shown in Fig.2, four MOSFET transistors 23, 24, 27, and 28 are contained
in RF switch 20 of the advanced technology at worst. The transistors 23 and 25 work as a "path"
or a "switching" transistor (to switching MOSFET transistor M1 (5) and the appearance of
drawing 1 a-1c), It is constituted so that each of these related RF input node may be combined
with RF node 25 common in alternative. For example, when operating, the switching transistor
23 combines the first input signal "RF1" that is an input to the first RF input node 21 to the RF
common nodes 25 (namely, when switched to "ON"). Similarly, when operating, the switching
transistor 24 combines the second RF input signal "RF2" which is an input to the second RF
input node 22 to the RF common nodes 25. The shunt transistors 27 and 28 by the case where it
is operating those related RF input nodes, When not having combined with the RF common
nodes 25, it works in order to shunt each related RF input node to a ground in alternative
(namely, when the turn-off of the switching transistor (23 or 24) connected to those related input
nodes is carried out).
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[0014]

In order to control operation of the RF switch of the advanced technology to be shown in Fig.2,
two control voltage is used. The control voltage with the name of "SW" and its reverse "SW_"
controls operation of the transistors 23, 24, 27, and 28. control voltage is an alternative about the
pair of the selected transistor ---like -- an operation (turn-on) -- or it is adjusted so that it may be
made non-operative (turn-off). For example, as shown in Fig.2, SW turns on (according to some
embodiments). When this is determined by setting control voltage to a voltage level logically
"high", for example, "+Vdd", the switching transistor 23 is operating and the related shunt
transistor 28 also operates. However, reverse SW_ of SW controls operation and its related shunt
transistor 27 of the second switching transistor 24, and control signal SW_, during ON
(according to some embodiments, this is determined by setting SW_ as -Vdd) of SW, since it is
off, these two transistors are non-operative in this same period -- or the turn-off is carried out.
RF1 input signal is combined with the RF (passing switching transistor 23 which is operating)
common port 25 in this state (in SW, SW_ turns off by ON). Since the turn-off of the second
switching transistor 24 is carried out, RF2 input signal is blocked from the RF common port 25.
Moreover, since an RF2 input signal is shunted in a ground via the shunt transistor 28 which is
operating, it is further separated from the RF common port 25. When [ whose SW control signal
is "OFF" (and SW_ "ON") like ] it will be understood easily, the person skilled in the art of the
transistor design field, RF2 signal is the same method and is combined with the RF common port
25 (and RF1 signal is shunted to a block ** leg round).

[0015]

RF switches, such as SPDF, RF switch 20, etc. of Fig.2, have so far been realized with the result
on various performances in different element technology including a bulk complementary metal
oxide semiconductor (CMOS) and gallium arsenide (GaAs) technology. In fact, GaAs
technology is being used for almost all highly efficient high frequency switches. In realization of
the RF switch by the advanced technology, although it has tried to improve the above-mentioned
RF switch performance characteristic, those results are miscellaneous and are various. [ of the
complexity of an integrated circuit and the degree of the yield ] For example, bulk CMOS and an
RF switch show a high insertion loss performance characteristic, the low compression
performance characteristic, and an insufficient linearity performance characteristic to a
disadvantageous thing. By contrast, for semi insulating [ of GaAs material ], the parasitism board
resistance can decrease remarkably and, thereby, can decrease switch insertion loss. Similarly, a
half-insulation GaAs substrate improves switch separation.

[0016]

Although improvement in a performance characteristic is brought about by realization of a
GaAsRF switch, this technology has some faults. For example, the yield of the integrated circuit
which functions normally in GaAs technology is comparatively low. It tends to become
expensive [ a design and manufacture ] comparatively [ a GaAsRF switch ]. In addition, although
GaAs switches improve an insertion loss characteristic as mentioned above, frequency
restrictions may become low for the slow surface state which exists in a GaAs substrate. Since
this technology is not fit for integration of the high level, an "off-chip" needs to realize the digital
control circuit relevant to an RF switch from a switch. It turns out that the low-electric-power
circuit relevant to a switch is difficult to be accumulated. Since this makes overall system cost or
manufacturing cost, size, and complexity increase and decreases the throughput speed of a
system similarly, it is disadvantageous.

[Description of the Invention]

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.
0224



[Problem to be solved by the invention]

[0017]

Therefore, it is desirable to provide the method of switching the RF switch and RF signal which
have an improved performance characteristic. It is desirable to provide the RF switch which
insertion loss, separation, and compression have improved especially. Design manufacture of
such an RF switch was completed easily, it was manufactured comparatively inexpensive, and is
fit for accumulation of the high level, and it is desirable that it is applicable from a low frequency
wave to high frequency. It should enable it to accumulate a power control circuit on chip simply
with a switch function. Such accumulation was difficult to realize until now using a Si substrate
and a GaAs substrate. The present invention provides such an RF switch and the switching
method of an RF signal.

[Means for solving problem]

[0018]

The outline of invention

It describes about the switching method of a new RF switching circuit and an RF signal. An RF
switch is usable for a wireless use, and can be manufactured with silicon on insulator technology.
In one embodiment, an RF switch is manufactured on an ultra-thin silicon ("UTSi") substrate.
The following thing is contained in an RF switch in one embodiment. Namely, the first switching
transistor group who is connected to the input part for receiving an RF signal, the input part for
receiving an RF signal, and RF common port, and is controlled by switching voltage (SW), It is
connected to a first switching transistor group and RF common port, The second switching
transistor group controlled by switching voltage (SW_) is contained, and SW_ is the reverse of
SW, and when a first switching transistor group is ON, a second switching transistor group is
come by off. A switching transistor group connects each RF input signal to RF common port in
alternative, while operating. In this embodiment, it is combined with an RF switch by the
switching transistor group again, and the shunt transistor group controlled by the switching
voltage SW and SW_is contained. While operating, a shunt transistor group works so that those
related RF input nodes may be shunted to a ground in alternative, and improves RF switch
separation by it.

[0019]

One or more MOSFET transistors connected by lamination or series constitution are contained in
both switching and a shunt transistor group. Within each transistor group, the gate of a
lamination transistor is usually controlled by switching voltage (SW or SW_), and this switching
voltage is combined with each transistor gate via each gate resistance machine. The compression
point of a switch increases with lamination and the gate resistance machine of a transistor group
device. The RC time constant formed of the gate resistance machine and gate capacitance of
MOSFET is designed to become much longer than the cycle of an RF signal, and RF voltage is
equally shared with the whole series-connection device. By this composition, the 1-dB
compression point of an RF switch increases.

[0020]

It describes about the RF switch integrated completely. A digital switch control logic circuit and
the negative power-supply-voltage generator accumulated with the RF switch of the present
invention are contained in this RF switch. According to one embodiment, the RF switch of the
advanced technology is provided with some functions not existing by the RF switch integrated
completely. For example, in one embodiment, to the RF switch integrated completely. The built-
in type oscillator which supplies a clock input signal to a charge pump circuit, and the charge
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pump circuit which generates the negative power supply voltage which other RF switching
circuits need and which were accumulated, The CMOS logic circuit which generates the control
signal which controls RF switch transistor, The level shift circuit and low current voltage divider
circuit which increase the reliability of a switch device, and the RF buffer circuit which separates
RF signal energy from a charge pump circuit and a digital control logic circuit are included. It
describes about some embodiments of a charge pump circuit, a level shift circuit, a voltage
divider, and an RF buffer circuit. By the RF switch of the present invention, insertion loss,
switch separation, and switch compression are improved. Thanks to the accumulation of a higher
level which becomes available with the RF switch of the present invention, by using the present
invention, a design and manufacturing cost of RF system decrease, and reliability increases.
[0021]

In the following brief explanation of the drawings, the same reference mark of various Drawings
shows the same component.

[Best Mode of Carrying Out the Invention]

[0022]

DETAILED DESCRIPTION

It should let this Description pass and the preferable embodiment and working example to clarify
should be considered as an illustration thing rather than the limitation to the present invention.
[0023]

The RF switch of the present invention

The present invention is a method for switching a new RF switch design and RF circuit. The first
illustration embodiment of RF switch 30 of the present invention is shown in Fig.3. As shown in
Fig.3, in one embodiment, four clusters or a "group" of an MOSFET transistor is contained in RF
switch 30 of the present invention. These are shown in Fig.3 as the transistor groups 33, 34, 37,
and 38. A "path" or "switching" transistor groups 33 and 34 are contained in two transistor
groups, and the shunt transistor groups 37 and 38 are contained in two transistor groups. One or
more MOSFET transistors arranged at series constitution are contained in each transistor group.
For example, in the embodiment shown in Fig.3, three switching transistor M33A, M33B, and
M33C are contained in the switching group 33. Similarly, three switching transistor M34A,
M34B, and M34C is contained in the switching group 34. Three transistor M37A, M37B, and
M37C are contained in the shunt group 37. Similarly, three transistor M38A, M38B, and M38C
are contained in the shunt group 38. Although the transistor groups 33, 34, 37, and 38 are shown
in Fig.3 as a thing containing three MOSFET transistors, The person skilled in the art of the RF
switch design field will be understood [ that a substitute group configuration can be used and ],
without deviating from the range or the meaning of the present invention. For example, without
deviating from the range of the present invention so that it may describe in detail by the
following, any convenient number of transistors can be used and the group who shows Fig.3 can
be realized.

[0024]

In one embodiment of the RF switch of the present invention, an MOSFET transistor (for
example, transistor M37A, M37B, and M37C) is realized using the substrate silicon on insulator
(SOI) technology insulated completely. So that it may describe in detail by the following
especially the MOSFET transistor of the RF switch of the present invention, It realizes using
"ultra-thin silicon (Ultra-Thin-Silicon) (UTSi)" (in this Description, it is called "ultra-thin silicon
on sapphire (ultrathin silicon-on-sapphire)") technology. In accordance with a UTSi
manufacturing method, the transistor used in order to realize the RF switch of the present
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invention is formed in the ultra-thin layer of the silicon in an insulating sapphire wafer. Perfect
insulating silicon on sapphire improves the performance characteristic of the RF switch by the
present invention by decreasing the harmful joint effect of a substrate relevant to a non-insulating
substrate and a semi insulating substrate. For example, an improvement of insertion loss lowers
the on resistance of a transistor, and is realized by decreasing parasitism board resistance. Switch
separation improves using the perfect insulating substrate provided by UTSi technology. Thanks
to insulation with perfect silicon on sapphire technology, as compared with bulk CMOS and
other conventional integrated circuit production technology, the parasitism capacitance between
the nodes of RF switch 30 decreases remarkably. As a result, in the RF switch of the present
invention, switch separation is improved as compared with the RF switch design of the advanced
technology.

[0025]

A transistor group is controlled by the two control signals SW and reverse SW_ of those like the
switch described above in relation to Fig.2 to be shown in Fig.3.A control signal is combined
with the gate of each transistor via each related gate resistance machine. For example, three
transistors [ in / in the control signal SW / the switching transistor group 33 ] (M 33A) Operation
of M33B and M33C is controlled via the gate resistance machine (R33A, R33B, and R33C)
relevant to three each. The control signal SW is input into input node 33', and controls the
switching transistor group 33. SW is input into input node 38', and controls the shunt transistor
group 38 again. Similarly, reverse SW_ of SW controls the switching transistor group 34 via
input node 34'. SW_ is input into input node 37', and controls the shunt transistor group 37 again.
[0026]

In one embodiment, although about 30K ohm of a resistor is contained in a transistor group's
resistor, substitute resistance can be used, without deviating from the meaning or the range of the
present invention. In some embodiments of the present invention, any resistance element which
has comparatively high resistance is contained in a gate resistance machine. For example, in one
embodiment, a gate resistance machine may be realized using a reverse bias diode. A gate
resistance machine is useful to increase the effective breakdown voltage of the whole series-
connection transistor so that it may describe in detail by the following.

[0027]

Function as controlling a control signal about the transistor groups' 33, 34, 37, and 38 operation,
and un-operating, and RF switch 30, or [ passing an RF signal in a way similar with controlling
the analog transistor of the switch in Fig.2 generally ] -- or it functions as blocking. Especially
the switching transistor groups 33 and 34 function as a path transistor or a switching transistor,
and in alternative, they are constituted so that each related RF input node may be combined with
common RF node 35. For example, if the switching transistor group 33 operates, he will combine
with the RF common nodes 35 the first RF input signal "RF1" that is an input to the first RF
input node 31. Similarly, if the switching transistor group 34 operates, he will combine the
second RF input signal "RF2" which is an input to the second RF input node 32 to the RF
common nodes 35. The shunt transistor groups 37 and 38, If it operates, when those related RF
input nodes will not have combined with the RF common nodes 35 () That is, when the turn-off
of the switching transistor group (33 or 34) connected to the related input node is carried out,
each related RF input node is committed so that it may shunt to a ground in alternative.

[0028]

In alternative, the group as which the transistor group chose control voltage is connected an
operation or in order to make it non-operative. For example, as shown in Fig.3, when SW is ON
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(according to some embodiments) This is determined when the control voltage SW is set as a
voltage level logically "high", The switching transistor group 33 operates (that is, all the
transistors of the group 33 carry out turn-on), and the related shunt transistor group 38 also
operates (that is, all the transistors of the group 38 carry out turn-on). However, like operation of
the switch in Fig.2, since the second switching transistor group 34 and its related shunt transistor
group 37 are controlled, reverse SW_ of SW, These two transistor groups become non-operative
in this period (that is, the turn-off of all of the groups' 34 and 37 transistor is carried out).
Therefore, when SW is ON, RF1 input signal is combined with the RF common nodes 35. Since
the switching transistor group 34 is off, RF2 input signal is blocked from the RF common nodes
35. Since RF2 input signal is shunted in a ground via the shunt transistor group 38 who operated,
it is further separated from the RF common nodes 35. Like, RF2 signal is the same method when
[ whose SW control signal is OFF (SW_control signal. and ON) ] the person skilled in the art of
the RF switch design field will be understood, and it is combined with the RF common nodes 35
(and RF]1 signal is shunted to a block ** leg round).

[0029]

As shown in RF switch 30 of the present invention in Fig.3, one to laminate an MOSFET
transistor and use a gate resistance machine is making high breakdown voltage of the whole
series-connection transistor. The RC time constant formed of the gate capacitance of a gate
resistance machine and MOSFET is designed to become much longer than the cycle of an RF
signal. So, RF energy does not almost have dissipating via a gate resistance machine. RF voltage
is effectively shared equally with the whole series-connection transistor by this arrangement. As
a net effect, the breakdown voltage of the whole series-connection device increases by n times
the breakdown voltage of individual FET. In this case, n is the number of the transistors
connected in series. By this composition, the 1-dB compression point of RF switch 30 of the
present invention increases.

[0030]

In order to improve switch performance, the RC time constant must be made into big size to an
RF signal cycle. This will impose restrictions on the minimum of R which can be used mainly
for realizing gate transistors (gate resistance machine). As mentioned above, although the typical
value for R is 30komega in one embodiment of the present invention, other resistance can also be
used, without deviating from the range of the present invention. Since an MOSFET gate input
part does not draw a direct current near, the bias in a device is not changed for the IR drop of this
whole resistance.

[0031]

RF switch 30 of the present invention can respond to the input signal of the power level which
increased at an advantageous thing. Thanks to the serial arrangement of an MOSFET transistor
including a transistor group (33, 34, 37, and 38), the power signal which increased can be
supplied to an RF input node (namely, input nodes 31 and 32), without having influence harmful
to switching. The person skilled in the art of the transistor design field will be understood [ that it
can respond to a bigger input power level increasing the number of transistors for every
transistor group, or by changing the physical configuration of a transistor, and ]. For example, in
one embodiment, the dimension of a transistor is about 0.5x2,100 micrometers. However,
substitute composition can be used, without deviating from the range or the meaning of the
present invention.

[0032]

a silicon on insulator (SOI) -- PRIOR ART
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As reference was made above in the description of the RF switch in Fig.3, SOI technology is
attractive in realization of an RF switch for insulation with a perfect insulating substrate. As
everyone knows, a highly efficient microelectronics device is realized and SOI has mainly been
used for the use which needs radiation resistance and high-speed operation. The junction wafer
and silicon on sapphire which have the thin silicon layer joined to SIMOX and an insulating
layer, for example are contained in SOI technology. In order to attain the above-mentioned
desirable switch performance characteristic, in one embodiment, the RF switch of the present
invention is manufactured on silicon on sapphire.

[0033]

In order to manufacture a device on an insulating substrate, it is necessary to use the effective
method for forming a silicon CMOS device on an insulating substrate. It is well recognized by
the advantage of using the composite board which contains single crystal semiconductor layers
which carried out epitaxial deposition, such as silicon, in insulating supporting boards, such as
sapphire, and these advantages, Using insulating materials, such as sapphire (aluminum203), a
spinel, or a high insulating material of other well-known, as a substrate, when making it the
electric conduction course of the leakage current between devices certainly pass a substrate, it is
realizable.

[0034]

It can be defined as an "ideal" silicon on sapphire wafer containing a silicon layer without a
defect in it with a perfect single crystal with sufficient thickness which can manufacture an
active device. Probably this silicon layer adjoins an insulating substrate and the disorder of the
crystalline lattice in a silicon insulator interface is the minimum. The early trial which is going to
manufacture this "ideal" silicon on sapphire wafer suffered a setback for the problem for which
many were conspicuous. these problems -- (1) -- the annealing of the silicon layer being carried
out and the elevated temperature used for first epitaxial silicon deposition, and after that, The
thing by which a contaminant, especially aluminum of a p type dopant enter into an epitaxial
deposited silicon layer considerably as a high temperature result used in order to decrease the
defect in it and to do, (2) -- it can summarize as a crystal property with an insufficient epitaxial
silicon layer when various elevated temperatures which devote themselves and pose a problem
through the method of an annealing and/or re-growth are avoided. [ and ]

[0035]

Although it turns out that a quality silicon thin film suitable for the severe device use of a
demand can be manufactured on silicon on sapphire, The annealing of the composite at the low-
temperature ion implantation for embedding at epitaxial deposition of the silicon layer on silicon
on sapphire and a silicon layer, and forming an amorphous region and the temperature below
about 950 degrees C is contained in the method at this time.

[0036]

The example and method of manufacturing such a silicon on sapphire device are described in the
following Descriptions. They, US,5,416,043,B Description ("minimum electric charge FET
manufactured on a super-thin film silicon on sapphire wafer" (Minimum chargeFET fabricated
on an ultrathin silicon)) on sapphire wafer, US,5,492,857,B Description ("high frequency
wireless communication system on a single ultra-thin film silicon on sapphire chip” (High-
frequency wireless communication system)) on asingle ultrathin silicon on sapphire chip,
US,5,572,040,B Description ("high frequency wireless communication system on a single ultra-
thin film silicon on sapphire chip" (High-frequency wirelesscommunication system)) on a single
ultrathinsilicon on sapphire chip, US,5,596,205,B Description ("high frequency wireless
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communication system on a single ultra-thin film silicon on sapphire chip" (High-frequency
wireless communicationsystem)) on a single ultrathin silicon on sapphire chip, US,5,600,169,B
Description ("minimum electric charge FET manufactured on a super-thin film silicon on
sapphire wafer” (Minimum charge FET fabricated on an ultrathin silicon)) on sapphire wafer,
US,5,663,570,B Description ("high frequency wireless communication system on a single ultra-
thin film silicon on sapphire chip" (High-frequency wireless communication system)) on a single
ultrathin silicon on sapphire chip, US,5,861,336,B Description ("high frequency wireless
communication system on a single ultra-thin film silicon on sapphire chip" (High-frequency
wireless communication system)) on a single ultrathin silicon on sapphire chip, The
US,5,863,823,B Description ("edge control in a silicon on insulator by which self align was
carried out" (Self-aligned edge control in silicon on insulator)), US,5,883,396,B Description
("high frequency wireless communication system on a single ultra-thin film silicon on sapphire
chip" (High-frequency wireless communication system)) on a single ultrathin silicon on sapphire
chip, US,5,895,957,B Description ("minimum electric charge FET manufactured on a super-thin
film silicon on sapphire wafer" (Minimum charge FET fabricated on an ultrathin silicon)) on
sapphire wafer, US,5,920,233,B Description ("false side band) Phase-locked loop" Phase locked
loop including a samplingcircuit for reducing spurious side band including the sampling circuit
for decreasing, US,5,930,638,B Description ("how to manufacture low parasitic resistance on an
ultra-thin silicon on insulator" (Method of making a low parastic resistor on ultrathin)) silicon on
insulator, the US,5,973,363,B Description (on "ultra-thin silicon on insulator) The CMOS circuit
which has the shortened P channel length" (CMOS circuitry with shortened P-channel length on
ultrathin silicon on insulator), The US,5,973,382,B Description. ("The capacitor on the ultra-thin
semiconductor on an insulator".) (Capacitor on ultrathin.) semiconductor on insulator and the
US,6,057,555,B Description ("minimum electric charge FET manufactured on a super-thin film
silicon on sapphire wafer" (High-frequency wireless)) It is communicationsystem on a single
ultrathin silicon on sapphire chip. In the whole instruction about an ultra-thin silicon on sapphire
integrated circuit design and manufacture, all of these reference patents are used for this
Description.

[0037]

An electron device can be formed in the silicon ultra-thin layer on an insulating synthesis
sapphire wafer using the method described in the patent referred to above. Typically, silicon
layer thickness is less than 150 nm. The advantage of insulating silicon on sapphire is maximized
by such "ultra-thin" silicon layer, and it becomes possible to accumulate a many function on a
single integrated circuit. With thick silicon, it is [ the conventional transistor separation well
needed ] less necessary, transistor processing is simplified, and circuit density increases. In order
to distinguish the method and device which were referred to by these above from a former thick
silicon embodiment, in this Description, these are collectively called "ultra-thin silicon on
sapphire."

[0038]

In some preferable embodiments of the present invention, a MOS transistor, US,5,416,043,B,
No. 5,492,857, No. 5,572,040, No. 5,596,205, No. 5,600,169, No. 5,663,570, No. 5,861,336, No.
5,863,823, No. 5,883,396, It forms in ultra-thin silicon on sapphire by the method disclosed in
each Description of No. 5,895,957, No. 5,920,233, No. 5,930,638, No. 5,973,363, No. 5,973,382,
and No. 6,057,555. However, the method of other well-known which manufactures an ultra-thin
silicon on sapphire integrated circuit can be used, without deviating from the meaning or the
range of the present invention.
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[0039]

A quality silicon thin film suitable for the severe device use of a demand as claim for patent is
described and carried out to these patents, It can manufacture on an insulating substrate by the
method containing the annealing of the low-temperature ion implantation for embedding at
epitaxial deposition of the silicon layer to an insulating-substrate top, and a silicon layer, and
forming AMORUFASU, and the composite in the temperature below about 950 degrees C. Any
processings which expose a silicon layer to the temperature over about 950 degrees C are carried
out in oxidation ambient environment. There is area density of an active state to the region which
was not intentional to the silicon thin film which forms a transistor, and was doped electrically [
less than abbreviation 5x10 11cm-2 ].

[0040]

As reference was made above, a UTSi substrate is desirable for especially RF use. A perfect
insulating substrate is because the harmful influence of the substrate combination relevant to the
conventional substrate (that is, it is not completely insulation) is decreased. As a result, RF
switch 30 of Fig.3 is manufactured on a UTSi substrate by one embodiment.

[0041]

RF switch design trade-off

When designing RF switch 30 of the present invention described above in relation to Fig.3 and
realizing, some design parameters and a trade-off should be taken into consideration. The RF
switch of the present invention can be prepared so that it may exceed whether a desired system
design demand and RF switch performance objective are filled. It describes here about the design
trade-off and the thing which should be taken into consideration which affect an RF switch
design.

[0042]

As it described above in relation to Fig.3, RF switch 30 is realized using an MOSFET transistor,
although "N type" or "P type" may be used. However, in order to realize an RF switch in a
CMOS technology, N channel transistor is preferable. It is because one with preferable N
channel transistor has "ON" resistance of N channel transistor much smaller than the case of P
channel transistor to fixed transistor size. This is because the mobility in electronic silicon is high
to an electron hole. Control voltage is chosen so that the on resistance of an "on-" transistor may
decrease reliably. the time of an "off-" transistor being made non-operative again as for control
voltage -- reliably -- OFF and ****** __ it chooses like.

[0043]

In the transistor design field, "ON" resistance is in inverse proportion to the difference between
the voltage applied to a transistor gate, and the voltage applied to a transistor source in an N-
channel metal oxide semiconductor transistor as everyone knows. This voltage is usually called
"Vgs" (gate source voltage). Although it is noticing easily, In an input port (for example, first RF
input node 31 in Fig.3), Therefore, as the size of an RF signal (Vs) increases in the RF common
port 35, Vgs of an on-transistor decreases (for example, Vgs of transistor M33 A in the switching
transistor group 33 decreases as the size of RF1 signal increases). For this reason, it becomes
saying that gate control voltage (for example, SW of input node 33') should as just as possible be
carried out. However, though regrettable, the degree which can just do gate control voltage is
restricted due to concern of reliability.

[0044]

The same concern exists also to an "off-" transistor. It is important to note that an RF input signal
(for example, RF1 input signal) generally vibrates involving zero reference voltage in application
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of a typical RF switch. The off-transistor (for example, the shunt transistor group's 37 transistor)
must remain in as at non-operative or a turn-off between the voltage deviation of an RF input
signal positive and negative. From this, it will be said that gate control voltage (for example,
SW_control voltage signal) of an off-transistor should be made negative as much as possible.
Again, the degree as for which gate control voltage is made negative is restricted due to concern
of reliability.

[0045]

The 1-dB compression point of a switch is restricted by the design of an off-transistor for a
CMOS switch again. In the transistor design field, there is breakdown voltage fundamental
between the source and drain by a MOS transistor as everyone knows. If the electric potential of
device both ends exceeds this breakdown voltage, even when the gate potential which is going to
maintain the transistor to the OFF state exists, high electric current flows between a source and a
drain. an improvement of the compression in a switch increases the breakdown voltage of a
transistor -- it can attain. One of the methods which manufactures the MOS transistor which has
high breakdown voltage is increasing gate length. Regrettably, by the increase in gate length, the
channel resistance of a device increases also inconvenient and, thereby, the insertion loss of a
device increases. Although the channel resistance can decrease by making width of a device
wide, this makes switch separation be deteriorated again. Therefore, a trade-off exists in a MOS
switch.

[0046]

As it described above in relation to RF switch 30 of the present invention in Fig.3, a transistor is
laminated to series constitution and the 1-dB compression point of a switch is improved. The
effective breakdown voltage of the whole series-connection transistor is increased with the
combination of the comparatively high gate resistance machine of a value, and the laminated
constitution of the transistor in a transistor group. It is made for a RC time constant (the
resistance of a gate resistance machine and the gate capacitance of MOSFET determine) to
become much longer than the cycle of the RF signal which RF switch 30 processes in a design
and manufacture of a switch element. As mentioned above, it increases by one n times the rate [
laminated constitution and / in / as a net effect of the gate resistance machine of high resistance /
comparatively / in the breakdown voltage of the whole series-connection transistor / an
individual transistor ] of breakdown voltage (here). n is equal to the number of the transistors
connected to series in a transistor group.

[0047]

What should be further taken into consideration on a design is related with the "body tie"
currently used in the conventional bulk CMOS transistor. In the transistor design field, a body tie
combines a device with either a well or a substrate as everyone knows. The well substrate
junction must always keep reverse bias applied. A source body and the drain body junction must
always keep reverse bias applied. Generally, a well (N well technology) is combined with the
greatest electropositive potential applied to a circuit in a bulk CMOS design. A substrate (P well
technology) is combined with the greatest electronegative potential applied to a circuit. Since an
RF input signal vibrates the upper and lower sides of a ground symmetrically, a CMOS switch
design shows insufficient performance about insertion loss, separation, and a 1-dB compression
point. It is preferable to realize RF switch 30 of the present invention on an insulating substrate
for these and the above-mentioned Reason.

[0048]
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By realizing the RF switch of the present invention on an insulating substrate, some advantages,
such as an improvement of switch separation and reduction of insertion loss, are provided. The
further advantage is acquired by realizing the RF switch of the present invention using UTSi
technology. For example, as compared with realizing the RF switch of the advanced technology
to GaAs, the improvement of the integrated circuit yield, reduction of a manufacturing cost, and
the increase in an accumulation level are attained by using UTSi. In the integrated circuit design
field, GaAs are not fit for integration of a high level as everyone knows. therefore, the digital
control circuit relevant to operation and the function of the RF switch and other circuits (a
negative voltage electric power supply generator circuit --) The level shift circuit, the low current
voltage divider circuit, the RF buffer circuit, etc. must often realize with an off-chip (that is,
these functions are easily [ as an RF switch ] umaccumulable). This is connected to the
degradation of the RF switch realized with an increase in cost and the advanced technology.
[0049]

By contrast, according to invention of this RF switch, a circuit required for normal operation of
an RF switch and a function is realizable for the same integrated circuit as the switch itself
together using UTSi technology. For example, an RF switch is accumulable on the same
integrated circuit by realizing an RF switch with UTSi technology with a CMOS control logic
circuit required to control operation of a negative voltage generator and an RF switch so that it
may describe in detail by the following. Thanks to reduction of the control line required to
control operation of a switch, the complexity of an RF switch also decreases. An RF switch
control logic circuit is realizable for an advantageous thing using a low-voltage CMOS transistor.
Even if it is for high power RF switch realization, electric power can be comparatively supplied
to the RF switch of the present invention using the external power of low electric power. These
characteristics are advantageous as compared with realization of GaAs by the advanced
technology. It is because it is required to use a power generation circuit required to realize an
electric power supply the external power of high power, positive, and negative [ both ]
comparatively in the case of GaAs. For example, in the illustration embodiment described below
in relation to Fig.4 - 12, the RF switch of the present invention only needs one 3V single external
power. In the switch by the advanced technology, the external voltage generation circuit for
realizing at least one 6V external power and a positive and negative electric power supply is
required typically.

[0050]

The RF switch integrated completely

To Fig.4, it manufactures according to the present invention, and it is illustration-like and the
simple block diagram of RF switch 100 integrated completely is shown. As shown in Fig.4, to
RF switch 100 integrated completely, The RF switch 30(simplified schematic representation
shows Fig.4)CMOS control logic circuit 110 and the negative voltage generator circuit 120 (in
one embodiment, it realizes using a "charge pump" circuit) of the present invention which were
described by Fig.3 in the above are included. The control signal 130 is input CMOS logic circuit
block 110. The control signal 130 will have it understood from 0 volt in one embodiment that
other logic circuit levels can be used, without the person skilled in the art of the digital logic
circuit design field deviating from the range or the meaning of the present invention in the range
of +Vdd. For the Reason shown above, RF switch 100 integrated completely is manufactured on
a UTSi substrate at one embodiment. However, other insulating-substrate technology can also be
used.

[0051]
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Some the functions and the characteristics which are not in the RF switch of the advanced
technology in Fig.2 are included in RF switch 100 integrated completely so that it may describe
in detail by the following. For example, RF switch 30 (as it described above in relation to Fig.3)
of the present invention In addition, a negative voltage generator and an RF switch control
facility are accumulated together on the same integrated circuit as the switch of the present
invention with RF switch 100 integrated completely using new lamination and gate-transistors
(gate resistance) composition of a transistor. To RF switch 100 integrated completely, so that it
may describe in detail by the following, The built-in type oscillator which supplies a clock input
signal to a charge pump circuit, the integration charge pump circuit which generates the negative
power supply voltage which other RF switching circuits need, The gate drain of the CMOS logic
circuit which generates the control signal which controls RF switch transistor, and a switch
transistor, a gate source, and drain source voltage by decreasing, The RF buffer circuit which
separates RF signal energy from the level shift circuit to which reliability is made to increase, a
charge pump circuit, and a digital control logic circuit is included. Each of these circuits are
described in detail by the following with reference to related figures.

[0052]

A 1st embodiment of a negative voltage generator-charge pump

As shown in Fig.4, the negative voltage generator 120, i.e., a charge pump, is contained in one
embodiment of RF switch 100 integrated completely. The negative power supply voltage (it is
hereafter described as "-Vdd") which other circuits of RF switch 100 integrated completely need
with the negative voltage generator 120 is generated. The two input sets (Vdd) 122, i.e.,a
positive DC-power-supply-voltage signal, and the clocked into (shown in a figure as a single
input signal "Clk") 124 are supplied to the negative voltage generator 120. Although Fig.4 has
shown the clocked into 124 as a single input signal, by some embodiments of the RF switch in
the present invention, the clocked into 124 can include the clock input signal exceeding two or it
so that it may describe in relation to Fig.5 b below.

[0053]

In the embodiment shown in Fig.4, direct-current 3V power supply source is included in the
positive service voltage which is an input to the negative voltage generator circuit 120. However,
other electric power supply levels may be used, without deviating from the range or the meaning
of the present invention. For example, if it is a request, a positive electric power supply with the
sufficient direct current 3.5V, the direct current 5V, or other arbitrary convenience can be
considered as the input to the negative voltage generator circuit 120 of Fig.4. Typically, a
positive electric power supply signal is generated with an external low-electric-power supply
source.

[0054]

In one embodiment of the present invention, the negative voltage generator 120 of Fig.4 is
realized using a charge pump circuit. The simple block diagram of one illustration embodiment
in the negative voltage generator 120 of Fig.4 is shown in Fig.5 a.As shown in the simple block
diagram of Fig.5 a, the oscillator 202, the clock generation machine circuit 204, and the charge
pump circuit 206 of the present invention are included in a negative voltage generator. The
output of the oscillator 202 is input into the clock generation machine circuit 204. The output of
the clock generation machine circuit 204 is input into the charge pump circuit 206. The negative
power supply voltage which other circuits of RF switch 100 integrated completely use with the
negative voltage generator 120 is supplied.

[0055]
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The negative power supply voltage must be generated to an RF switching circuit in a
disadvantageous thing in an external circuit in many of RF switches by the advanced technology.
In realization of other RF switches, joint approach required in order to shift the direct-current
value of an RF input signal to the halfway point of the applied bias voltage is used. In this
approach, generally, since an FET gate drive becomes half effectively because of this level shift,
it is necessary to apply comparatively high bias voltage. Negative influence is brought to switch
insertion loss by this when not increasing bias voltage. It is because gate drives decrease in
number by this and FET channel resistance increases by it.

[0056]

In order to cope with these problems, in one embodiment of RF switch 100 integrated
completely, the charge pump circuit 206 of the present invention shown in detail is used for Fig.5
b. As shown in Fig.5 b, two P channel MOS FET transistors 208 and 210 are contained in the
first embodiment of the charge pump circuit 206, and these are connected to two N-channel
metal oxide semiconductor FET transistors 212 and 214 in series at it. The left leg (the first P
channel transistor 208 connected to the first N channel transistor 212 in series is included) of the
charge pump circuit 206, First capacitor Cp216 is used for the right leg (the second P channel
transistor 210 connected to the second N channel transistor 214 in series is included) of a charge
pump circuit, and it is combined with it. The source of the second N channel transistor 214 is
combined with the illustrated second capacitor C218 which is an output capacitor like. Two non-
overlapping clock control signals "Clk1" and "Clk2" are used in order to control operation of the
transistors 208, 210, 212, and 214. For example, reverse "Clk1_" of "Clk1" controls the gate of
the P channel transistors 208 and 210 to be shown in Fig.5 b. The non-overlapping clock control
signal "Clk2" of another side controls the gate of the N channel transistors 212 and 214 like a
graphic display.

[0057]

The charge pump 206 generates negative power supply voltage (-Vdd) by using the non-
overlapping clock control signals Clk1 and Clk2 which drive a transistor gate, and charging and
discharging alternately two capacitors (Cp216 and output capacitor C218). Negative power-
supply-voltage-Vdd is generated from the electric charge which charged the capacitor C218.
According to one embodiment, the train of impulses (that is, a train of impulses is input as the
clock input signals Clk1 and Clk2) which drives a charge pump is generated using a pulse shift
circuit (not shown). Since a train of impulses is applied to the charge pump 206, capacitor Cp216
is applied in the positive electric power supply Vdd, then, is discharged by the counter direction
over the capacitor C218, and generates negative power-supply-voltage-Vdd. No transistor of a
charge pump needs to avoid the thing exceeding Vdd also between which source / drain node,
therefore the reliability of the charge pump 206 increases dramatically.

[0058]

In one embodiment of the charge pump circuit 206 of the present invention, the capacitance of
the output C218 is about 200 pF, and the capacitance of Cp216 is about 50 pF. The person
skilled in the art of the charge pump design field will be understood [ that other capacitance
values can be used and ], without deviating from the range or the meaning of the present
invention.

[0059]

As shown in the simple block diagram of Fig.5 a, in one embodiment, two non-overlapping clock
signals are derived from the oscillation signal which the internal oscillator 202 generates. As
shown in Fig.5 a, the oscillator 202 inputs an oscillation signal into the clock generation machine
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circuit 204, and generates shortly two non-overlapping clock signals with which this circuit
controls a charge pump transistor gate (by the arbitrary and useful well-known method).
According to one embodiment of RF switch 100 with which the present invention was integrated
completely, the oscillator of a low frequency wave is contained comparatively (several MHz
order) in the oscillator 202. According to this embodiment, an easy relaxation oscillator is
contained in an oscillator. however, the person skilled in the art of the integrated circuit field is
understood [ that the present invention can be carried out using the oscillator of other types, and
], without deviating from the meaning or the range of the present invention -- I will come out.
[0060]

The voltage swing of the two non-overlapping clock signals Clk1 and Clk2 which changes to
Fig.5 ¢ temporally is shown. As shown in Fig.5 c, two non-overlapping clock signals change by
the voltage swing from -Vdd to Vdd. In one embodiment, a clock signal changes from direct-
current-3V to direct-current+3V. The efficiency of the charge pump 206 is improved by
adjusting in this way.

[0061]

The N channel (212 and 214) and P channel (208 and 210) device of a single threshold value are
contained in being advantageous to the charge pump transistors 208, 210, 212, and 214. The
conventional charge pump circuit needs use of two or more threshold level device. Therefore, in
order to have realized the thing of these former, rather than the charge pump circuit 206 of the
present invention in Fig.5 b, the design was complicated and cost started. In one embodiment of
the charge pump 206 of the present invention, the width of the P channel transistors 208 and 210
is about 20 micrometers, and length is about 0.8 micrometer. The width of the N channel
transistors 212 and 214 is about 8 micrometers, and length is about 0.8 micrometer. The person
skilled in the art of the integrated circuit design field will be understood [ that the transistor of
other dimensions can be used, and ], without deviating from the range or the meaning of the
present invention. The charge pump circuit 206 of the present invention is dramatically efficient,
and operates perfect in spite of change of temperature and a process.

[0062]

Level shift circuit

Since a charge pump circuit doubles efficiently the power supply voltage applied to this circuit, it
must pay attention to the integrity problems of electric potential relevant to such high voltage. In
order to realize a charge pump by a method which improves the reliability of a transistor, a level
shift circuit is used and the gate source voltage, gate drain voltage, and drain source voltage of a
transistor are restricted to a permissible level.

[0063]

The invention level shift circuit 300 created according to the present invention is shown in Fig.6
a. Using the level shift circuit 300, an "ordinary” digital input signal [ typical or ] (a digital signal
ranges from a ground (GND) to the range of +Vdd typically) is converted or shifted so that the
range of -Vdd to +Vdd may be attained to. Thereby, the reliability of the RF switch integrated
completely increases. Although a control signal is shifted to the range of direct-current-3V to
direct-current+3V, the person skilled in the art of the RF switch control field will have it
understood in one embodiment of the present invention, without deviating from the meaning or
the range of the present invention that other level-shifted-voltages ranges can be used.

[0064]

As shown in Fig.6 a, two or more inverters combined with feedback structure are contained in
the level shift circuit 300 (henceforth, it is called the level shifter 300) of the present invention.
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Especially in the embodiment shown in Fig.6 a, to the level shifter 300, Two groups' inverter is
contained and "out of the 1st and the shifted second output signal 314, i.e., a first output node,"
and its reverse "out_" of the second output node 316 are generated using these inverters. The
inverters 302, 304, and 304 are contained in a first inverter group. The inverters 308, 310, and
312 are contained in a second inverter group. An "ordinary" digital input signal [ typical or ]
(namely, digital input signal covering the range of GND to +Vdd) is the input node 318 of the
first inverter 320, and is input into the level shifter 300. The first inverter 320 generates the first
input signal "in" (with output node 324), and this signal is input into the second inverter 322. The
second inverter 322 generates the second input signal "in_" which is the reverse of a first input
signal "in" in the output node 326. Therefore, the 1st and the second inverters 320 and 322
generate the signal input into the two above-mentioned inverter groups. For example, the first
input signal "in" is combined with the input part 328 of the inverter 302. Similarly, the second
input signal "in_" is combined with the input part 330 of the inverter 308.

[0065]

It is generated by the first output inverters 306 and a first inverter group's output "out" is
supplied to the first output node 314. It is generated by the second output inverters 312 and a
second inverter group's output "out_" is supplied to the second output node 316. Two level-
shifter outputs "out" and out_" are input into other circuits of RF switch 100 with which Fig.4
was integrated completely. For example, in one embodiment a first output "out", It is combined
with the gate of the device in the switching transistor group 33 and the shunt transistor group 38
(). Namely, the "out" signal in the first output node 314 of Fig.6 a, It is combined with the "SW"
control input signal of Fig.3, and this controls operation of the switching transistor group 33 and
the shunt transistor group 38 by input node 33' and 38', as it described above in relation to Fig.3.
Similarly, it is combined with "SW_" control input signal of Fig.3 (with input node 34" and 38"),
and, thereby, a second level-shifter output "out_" controls the switching transistor group 34 and
the shunt transistor group 37 by this embodiment as mentioned above.

[0066]

The level shifter 300 of Fig.6 a shifts the direct current level of an input signal (namely, input
signal supplied by the input node 318), and, on the other hand, makes the frequency response of
an input signal eternal. The level shifter 300 uses sufficiently the floating technology provided
by realization by the silicon on insulator substrate of RF switch 100 integrated completely. The
inverter of the level shifter 300 operates based on differential bias. That is, a level shifter shifts a
digital input signal based on the difference between two voltage signals. As long as the
difference between the electric power supply signals especially supplied to inverters (for
example, output inverters 306 and 312 etc.) is the order of Vdd, the level shifter 300 functions
reliably and shifts an input signal in the range between -Vdd and +Vdd. In one embodiment, Vdd
is equal to the direct current 3V. In this embodiment, the voltage applied between those sources /
drain nodes does not become larger than the direct current 3V with the transistor which
constitutes the inverter (for example, output inverters 306 and 312) of the level shifter 300. The
reliability of a transistor device increases by this.

[0067]

If Fig.6 a is referred to again, a level shifter will shift a digital input signal from -Vdd to the
voltage level of the range of +Vdd using a feedback method. In particular, a second inverter
group's (308, 310, and 312) output (namely, "out_" signal) in the second output node 316 is
supplied as feedback to a first inverter group's input part by the input part of the inverter 304.
Similarly, a first inverter group's (302, 304, and 306) output (namely, "out" output signal) in the
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first output node 314 is supplied as an input to a second inverter group, especially the inverter
310.

[0068]

When the digital input signal in the input node 318 will be in a state logically "high" (that is, in
some embodiments) When an input signal changes from GND to +Vdd, it swerves and the "in"
signal (it can set to the node 324) and "in_" signal (it can set to the node 326) are set to a ** leg
round (for example, direct current 0V) and Vdd (for example, direct current 3V). The "out"
signal of the first output node 314 is set to +Vdd. Simultaneously, the "out_" signal of the second
output node 316 is set to -Vdd. ("out" which acts as feedforward to the input part of "out_" fed
back to the input part of the inverter 304, and the inverter 310) By feedback composition, quick
change of the state in the level shifter 300 is carried out reliably. The level shifter 300 works
similarly, when an input signal changes in the low state logically from a high state (from +Vdd to
namely, GND transition). If the digital input signal of the input node 318 will be in a state
logically "low", the "in" signal (it can set to the node 324) and "in_" signal (it can set to the node
326) will become Vdd (for example, direct current 3V) and a ground, respectively. The "out"
signal in the first output node 314 is set to -Vdd. Simultaneously, the "out_" signal in the second
output node 316 is set to +Vdd. By feedback, quick change of the state in the level shifter 300 is
carried out reliably again. According to grounding, the descent more than perfect Vdd voltage
between the source / drain node in the MOSFET transistor of an inverter is reliably lost in a
level-shifter inverter.

[0069]

One embodiment of the inverter (for example, inverters 302, 304, and 306) used for Fig.6 b in
order to realize the level shifter 300 of Fig.6 a is shown. As shown in Fig.6 b, two MOSFET
devices 342, i.e., P channel transistor, and the N channel transistor 344 are contained in the
inverter 340. These devices are controlled by the illustrated input signal which is connected in
series, combines the gate both, and is supplied to the input node 346 like. The source of the P
channel transistor 342 is the node 350, and it is combined to first power supply voltage, and on
the other hand, N channel transistor 344 source is the node 352, and is combined to second
power supply voltage. It is combined, and both the illustrated drains that are devices like are the
output nodes 348, and generate the output of an inverter. In one embodiment of the inverter 340
of the present invention, the P channel transistor 342 is 5 micrometers in width, and is 0 or 8
micrometers in length. In this embodiment, N channel transistor is 2 micrometers in width, and is
0.8 micrometer in length. The person skilled in the art of the transistor design field will be
understood [ that the thing of other physical sizes can be used as a transistor of the inverter 340,
and ], without deviating from the range or the meaning of the present invention. The logical
expression of the inverter 340 is shown as the sign 360 in Fig.6 b again.

[0070]

Thus, by using the level shifter 300 of the present invention, the digital input signal which attains
to the range of GND to +Vdd at the beginning is shifted so that the range of -Vdd to +Vdd may
be attained to. The corresponding output signal which the level shifter 300 of the plot of a digital
input signal of a voltage swing versus time and the present invention of Fig.6 a generates in Fig.7
ais shown. As shown in Fig.7 a, a digital input signal ranges from a ground or the direct current
0V to the range of Vdd. The output of the level shifter 300 of the present invention attains to the
range of -Vdd to +Vdd. As for an input signal, according to one embodiment of the RF switch in
the present invention, the output of the level shifter 300 ranges from the direct current OV to the
range of direct-current-3V to direct-current+3V in the range of direct-current+3V. The power
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supply voltage of other values can be used without deviating from the range or the meaning of
the present invention. For example, in one embodiment, an input signal can be made into the
range of the direct current 4V from 0 to direct-current+3.5V, or 0. According to this
embodiment, a level shifter shifts a signal to direct-current+3.5(or +4)V from direct-current-
3.5(or -4)V.

[0071]

The simple logical symbols of the level shifter 300 of the present invention in Fig.6 a are shown
in Fig.7 b. These logical symbols are used with next Drawings. As shown in Fig.7 b, a digital
input signal is supplied by the input node 318 (the same input node 318 as having described
above in relation to Fig.6 a). The level shifter 300 supplies reverse "two shifted outputs, i.e.,
"out", and out_" of those. These outputs are supplied by the output nodes 314 and 316 (the same
output nodes 314 and 316 as having described above in relation to Fig.6 a), respectively.

[0072]

RF buffer circuit

Fig.8 a is an electric figure of the two-step level-shifter buffer circuit 400. Fig.8 b is a simple
block diagram of an interface to a digital control input and the buffer circuit 400. The 1st step
level shifter 300 and the 2nd step RF buffer circuit 402 are included in the two-step level shifter
and the RF buffer circuit 400 of Fig.8 a. The Ist step level shifter 300 is the same as that of what
was described above in relation to Fig.6 a, and 6b, 7a and 7b, therefore it does not carry out
describing in details more here. The level-shifter stage 300 shifts the logical level of a digital
control signal, and it is made to attain to the range of -Vdd to +Vdd, as described above. The RF
buffer circuit 402 is included in the 2nd step of the circuit 400. The RF buffer circuit 402
performs only the role of a driver (an RF buffer circuit does not perform a level shift).

[0073]

An RF buffer separates electrically digital control signals (what the CMOS logical block 110 of
Fig.4 generates) from RF switch 30 described above in relation to Fig.3.RF buffer 402 functions
as inhibiting the sag of the control voltage (although it is SW and SW_, this Description and
Fig.8 a shows as a control signal "out" and "out_" again, respectively) which controls the
operation of a transistor and un-operating in RF switch 30. RF buffer 402 functions as a big-
electric-power RF signal preventing combining with a negative electric power supply (namely, -
Vdd) again so that it may describe in detail by the following. As it described above in relation to
Fig.5 a - 5c, the charge pump circuit 206 generates this negative electric power supply. The
extent of the big-electric-power RF signal in RF switch 30 carries out RF combination at the
negative electric power supply which the charge pump 206 (Fig.5) generates, and, thereby,
especially RF buffer 402 protects that current carries out drainage from a negative electric power
supply.

[0074]

When the RF input signal of big electric power is extremely input into RF switch 30 of the
present invention, in order to separate a digital logic signal from an RF switch, when the buffer
circuit is not used, combination of an RF signal and a digital logic signal takes place. RF
combination may have harmful influence on an RF transistor control signal (SW and SW_), and
usually has harmful influence. For example, when the RF input signal of order of about 30 dB is
input into 1-W RF switch 30, there is a possibility that the voltage oscillation of a zero mark bolt
will happen by a digital control line, by RF combination. This is because an RF signal is fed back
to a digital control circuit from an RF switch. This RF joint effect may have bad influence on an
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RF transistor group's operation and non-operativeness, therefore normal operation of RF switch
30. The buffer circuit 402 of Fig.8 a protects the joint effect.

[0075]

As shown in Fig.8 a, in composition, the buffer circuit 402 of the present invention resembles
dramatically the level shifter 300 which was described above as the 1st step of the two stage
circuits 400, and was illustrated. Two inverter groups (404, 406, and 408), i.e., a first inverter
group, and a second inverter group (410, 412, and 414) are contained in RF buffer 402 like the
level shifter 300. It is generated by the first output inverters 408, and, by a diagram, the first
inverter group's (404, 406, and 408) output has attached the code of "out", and is supplied by the
first output node 416. It is generated by the second output inverters 414, and the second inverter
group's (410, 412, and 414) output has attached the code of "out_", and is supplied by the second
output node 418. The output signal "out_" is the reverse of an output signal "out."

[0076]

feedback is used for the level shifter 300 of the 1st step although it is important -- a level shift
function -- performing (it described in relation to Fig.6 a -- as) -- the RF buffer circuit 402 does
not feed back the output signal to an input. As a result, the digital input signal (namely, control
input signal input into the level shifter 300 by the nodes 328 and 330) input into the 1st step, It
separates from the output signal (that is, it is a control-output signal "out" of the output nodes
416 and 418, and its reverse "out_", and combined with SW and SW_controlling signal line,
respectively) used in order to control RF switch transistor.

[0077]

If Fig.8 a is referred to again, especially the level shifter 300 will input a digital control signal
"in" and its reverse signal "in_" by the nodes 328 and 330, respectively (in relation to Fig.6 a, it
described in detail by the above like). The first output "outl" of the level shifter 300 in the output
node 314 is fed back to the input part of the inverter 310 like a graphic display. Similarly, the
second output "outl_" of the level shifter 300 in the output node 316 is fed back to the input part
of the inverter 304. That as mentioned above, RF combination (that is, a level-shifter output
signal piles up an RF signal on it) takes place because of this feedback topology, It is a case
where the output signal of a level shifter is used in order to control RF switch transistor directly
(namely, when there is no buffer circuit 402). Therefore, the RF buffer circuit 402 of the present
invention is used without feedback of an output signal, and separates an input signal (namely, a
digital input signal "in" and "in_") from the RF signal which exists in an RF switch. As shown in
Fig.8 a, the first output signal "outl" of the level shifter 300 is input into the inverters 404 and
406 of an RF buffer circuit. Similarly, the second output signal "outl_" of the level shifter 300 is
input into the inverters 410 and 412 of a buffer circuit. Two control outputs ("out" and "out_") of
the RF buffer circuit 402 are not supplied as feedback to a level shifter, although it controls the
operation of a transistor and un-operating in an RF switch. Therefore, an improvement of
separation between an RF switch and a digital logic circuit is attained.

[0078]

In one embodiment, the inverter 340 described above in relation to Fig.6 b is contained in the
inverter which realizes a two-step level shifter and the RF buffer circuit 400. However, the
person skilled in the art of the inverter design field will have it understood that the two stage
circuits 400 are realizable, without deviating from the range or the meaning of the present
invention using a substitute inverter design. In one embodiment, the transistor used in order to
realize the 1st step level shifter 300 is more nearly physically [ than the transistor used in order to
realize the 2nd step RF buffer circuit 402 ] small. The transistor of a bigger dimension is used in
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the RF buffer circuit 402, in order to attain efficient amplification of a control signal. For
example, in one embodiment, the amplification whose width is those with 3 times, as a result
about 3 times the current is brought about rather than the transistor used in order that the
transistor used in order to realize an RF buffer may realize the level shifter 300. The person
skilled in the art of the transistor design field will be understood [ that the transistor of other
convenient dimensions can be used, and ] in order to attain any desirable amplification in a
digital control signal.

[0079]

The voltage divider used in the alternative level shift circuit of the present invention

Fig.9 a is an electric figure of one embodiment in the low current voltage divider ("LCVD")
circuit 500. This circuit is used by the feedback path of one embodiment in the level shifter 300
described above in relation to Fig.6 a. The simple logical symbols used since the voltage divider
500 of Fig.9 a is expressed to Fig.9 b are shown. The voltage divider 500 is used by one
embodiment, and the potential gate oxide integrity problems relevant to the excessive voltage
oscillation of the whole gate oxide of a feedback inverter transistor are tackled. Various source
drain voltage of MOSFET used in order to realize a level shifter, as it described above in relation
to the level shifter 300, Although bigger voltage than Vdd never is not applied, the output
(namely, an output signal "out" and "out_") of a level shifter, since 2xVdd may also vibrate from
-Vdd to +Vdd namely,, the gate oxide of the feedback inverters 304 and 310 may be applied in
the voltage of 2xVdd. These feedback voltage levels are applied to the whole gate oxide of the
feedback inverters 304 and 310, and gate oxide integrity problems may produce them as a result.
[0080]

In order to be able to avoid gate oxide integrity problems, the maximum voltage applied to the
whole gate oxide of the feedback inverters 304 and 310 is reliably reduced substantially to Vdd
(not being the gate oxide voltage of 2xVdd). Therefore, in one embodiment in the RF switch
with which the present invention was integrated completely, the voltage divider of Fig.9 a
restricts the voltage applied to the gate of the level-shifter feedback inverters 304 and 310. In this
embodiment, the output (namely, each output "out" and "out_" in the output nodes 314 and 316)
of a level shifter, Instead of feeding back to the feedback inverter shown in the level shifter of
each Fig.6 a directly, first, a level-shifter output signal is adjusted with the voltage divider 500 of
Fig.9 a, and is fed back to a feedback inverter after that. The voltage applied to the gate oxide of
the feedback inverters 304 and 310 reliably with the voltage divider 500 so that it may describe
in detail by the following, It is made not to exceed the sum total (a voltage drop is the number of
transistors and the function of transistor threshold voltage which are used in order to realize the
voltage divider 500) of Vdd and a small voltage drop. In one embodiment, Vdd is the direct
current 3V and a voltage drop is the direct current 0.9V. According to this embodiment, it
becomes reliably that a gate oxide is never applied in the voltage exceeding the direct-current
abbreviation 3.9V (that is, a feedback inverter is applied in the voltage covering the range of the
direct current 0.9V from direct-current-3V), thanks to the voltage divider 500.

[0081]

two or more MOSFET devices (502, 504, 506, and 508) combined with both the voltage dividers
500 by series constitution (namely, -- being illustrated -- it puts on a mutual top by source drain
arrangement like) when Fig.9 a was referred to here -- it is contained. According to both one
embodiments, the gate and drain of MOSFETs 502, 504, 506, and 508 joined together, and have
realized the lamination diode. Although MOSFET which realizes a diode is henceforth called a
"diode device", these are laminated in series like a graphic display. MOSFETM3 (510) and
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output MOSFETM2 (512) are contained in the voltage divider 500 again. The function of these
two transistors is described more in details below.

[0082]

A diode device is used and the partial pressure of the voltage of the input signal supplied to the
voltage divider 500 by the input node 514 is carried out. As shown in Fig.9 a, the signal by
which a partial pressure is carried out to the voltage divider 500 is supplied to the drain (and gate
connected) of the first device 502 as an input. when an input signal exceeds a positive voltage
level once (nxVthn), "n" is the number of the diode devices used in order to realize the voltage
divider 500 here -- Vthn -- the threshold voltage (namely, "diode descent" to a source from the
drain of a device) of a device -- but, A diode device (502, 504, 506, and 508) begins to conduct a
lot of current. the embodiment shown in Fig.9 a -- n= 4 and Vthn=-- 0.7 volt of alternative
values can be but used to "n" and Vthn, without deviating from the range or the meaning of the
present invention. For example, in other embodiments, by changing the number of the diode
devices used in order to realize the voltage divider 500, the input signal supplied to a voltage
divider is arbitrary, and can be restricted to a desired voltage level (namely, thing for which the
value of "n" is changed). According to the embodiment shown in Fig.9 a, once input voltage
exceeds the voltage level of (4x0.7), i.e., 2.8 volts, a lamination diode device will begin to
conduct briskly.

[0083]

The ballast-resistances machine R516 is connected to the source of the output diode device 508
like a graphic display. Once a diode device carries out turn-on completely, any additional input
voltage which exceeds the value of nxVthn for the ballast-resistances machine R516 will
descend. According to the embodiment shown in Fig.9 a, any additional input voltage which
exceeds the value of (the input voltage - (4xVthn)) for the ballast-resistances machine R516
descends. The output of the voltage divider 500 is pulled out from the gate drain to which the
output diode device 508 was connected. The output signal by which the partial pressure was
carried out is supplied by the output node 520. It is guaranteed for the voltage which descends by
the diode drop of the diode devices 502, 504, and 506, and the ballast-resistances machine R516
whole that the output of the output node 520 substantially (input voltage - (3xVthn)) never
exceeds. about [ Vthn=] -- about [ 0.7V and ] -- the output node 520 never exceeds (direct-
current 3V- (3x direct current 0.7V)) 0.9V, i.e., a direct current, to the maximum input voltage of
3V. Thus, in the embodiment shown in Fig.9 a, the voltage divider 500 restricts the output of the
output node 520 to the range of direct-current-3V to direct-current+0.9V to the input voltage
which attains to the range between direct-current-3V and direct-current+3V.

[0084]

Output MOSFETM2 (512) is constituted as a capacitor, and it is used in order to support
acceleration of the switching time of the voltage divider 500. When an input reaches negative
potential, MOSFETM3 (510) carries out reliably that the output node 520 vibrates to the electric
potential of the input signal in the input node 514. This is attained when an input signal reaches
negative potential, and the device M3 (510) carries out turn-on. Therefore, when an input signal
becomes -Vdd electric potential (for example, direct-current-3V), the output signal of the output
node 520 is also set to -Vdd. The output device 508 can apply reverse bias during negative
voltage vibration of an input signal, and, thereby, becomes trustworthy [ that a direct current
does not carry out drainage from a negative power supply source ] during negative voltage
vibration of an input signal. When the output of a voltage divider is direct-current abbreviation-
3V, the voltage divider 500 does not draw current near at all. This is important. Current is direct-

EX-

1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0242



current-3V and it is because the charge pump circuit described above in relation to Fig.5 b is
made to discharge. When the output of a voltage divider is about 0.9v and the ballast-resistances
machine R516 is chosen comparatively largely, there is comparatively little current which can be
drawn near. However, since the current in this case is produced between positive voltage (0.9V)
and a ground, charge pump current additional for operation of the voltage divider 500 of Fig.9 a
is not sent.

[0085]

In one embodiment, the value of the ballast-resistances machine R516 is 100komega. In one
embodiment, all the devices of the voltage divider 500 are the same length. For example, in one
embodiment, all the devices are 0.8 micrometer in length. In one embodiment, the physical size
of all the diode devices (502, 504, 506, and 508) is the same. In one embodiment, each diode
device is 2 micrometers in width, and the device M3 (510) is the 2 micrometers with same width,
and output MOSFETM?2 (512) is 14 micrometers in width. the person skilled in the art of the
integrated circuit design field is understood [ that other values and alternative composition can be
used and ] to the device shown in Fig.9 a, without deviating from the range or the meaning of the
present invention -- I will come out. for example, the person skilled in the art of the electric
circuit design field in lamination of changing the number of diode elements "n", changing the
value of Vthn, or a diode device, The output node 520 is pulled out on a different point (for
example, like a graphic display). Instead of pulling out from the drain of the device 508, other
voltage divider output levels will have it understood by what an output is pulled out for from the
drain of the diode device 506 or 504 that it can adjust easily.

[0086]

The correction level shifter using a voltage divider

By decreasing the voltage applied to the gate oxide of RF switch transistor, the voltage divider
500 of Fig.9 a and 9b can be used advantageously, and the reliability of the transistor in both the
above-mentioned level shifter 300 and a charge pump circuit can be improved. For example, the
correction level shifter 600 which uses the voltage divider 500 of Fig.9 a for Fig.10 in
combination with the level shifter 300 of Fig.6 a is shown. As shown in Fig.10, the output (it can
set to the output node 314) of the inverter 306 in the level shifter 300 is applied to the input part
of the first voltage divider 500'. Similarly, the output (it can set to the output node 316) of the
inverter 312 of the level shifter 300 is applied to the input part of second voltage divider 500".
The output of a voltage divider is fed back to the input part of the feedback inverters 304 and
310, as shown in Fig.10. If Fig.10 is referred to especially, the output "out" of a first voltage
divider in output node 520" will be fed back to the input part of the feedback inverter 310.
Similarly, the output "out_" of a second voltage divider in output node 520" is fed back to the
input part of the feedback inverter 304. As it described above in relation to Fig.9 a, feedback
voltage is decreased in the range of -Vdd to direct-current abbreviation+0.9V by the level shifter
500" and 500". The function of the level shifter 600 does not change for the voltage oscillation in
which this feedback path decreased.

[0087]

Please pull out an RF switch control signal "SW" and "SW_" from a level-shifter output, and
note being able to supply RF switch 30 of the present invention of Fig.3 as an input, before
inputting them into the voltage divider 500" and 500". For example, as shown in Fig.10, since the
switch control signal "SW" is generated, the output of the inverter 306 in the output node 314
can be pulled out and used. Similarly, since the switch control signal "SW_" is generated, the
output of the inverter 312 in the output node 316 can be pulled out and used. According to one
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embodiment, as it described above in relation to the two-step level shifter and the RF buffer
circuit 400 of Fig.8 a, the control signal pulled out from the nodes 314 and 316 is stored in a
buffer first, and is combined with RF switch transistor after that. Although the voltage oscillation
covering the whole region is possible for the switch control signal SW and SW_, this does not
cause the integrity problems of a gate oxide in an RF switch. Especially a switch control signal is
crossed to the range from -Vdd to +Vdd (that is, the voltage level of a switch control signal is not
restricted by the voltage divider). The all-out voltage oscillation of a switch control signal does
not cause the integrity problems of a gate oxide about RF switch MOSFET. The source of RF
switch MOSFET is because it is grounded. Therefore, a switch input signal relates to the ground
in RF switch MOSFET. As a result, MOSFET is applied to the whole gate oxide in positive Vdd
voltage to a ground, or negative Vdd voltage is applied to the whole gate oxide to a ground.
[0088]

The simple graphic table expression 601 of the part in the correction level shifter 600 is shown in
Fig.10 again. The sign 601 expresses the portion which the dashed line region 601’ of Fig.10
shows. As shown in Fig.10, first ininput "_" 630 corresponding to the input node 326 ("in_") are
contained in the correction level shifter 601 with a sign. The second input "out" 632
corresponding to the input to the feedback inverter 310 is included in the correction level shifter
601 with a sign again. This signal should be careful of having come out of the outputting part
520" of the first voltage divider 500" again. Positive power supply voltage is input by the +Vdd
input part 634. Negative power supply voltage is input by the -Vdd input part 636. There are
three output signals, i.e., "out_pos" (it can set to the outputting part 638), "out_neg" (it can set to
the outputting part 640), and "out_" (it can set to the outputting part 642) in the correction level
shifter 601. These outputting parts correspond to the above-mentioned output nodes 606 and 608
and 520". In order to understand easily, in the Drawings described below, graphic table
expression of the level shifter 601 is used.

[0089]

The potential gate oxide integrity problems relevant to the level shifter 300 described above in
relation to Fig.6 a are avoided in the feedback path of the correction level shifter 600 using the
voltage divider 500" and 500". The voltage divider 500" and 500" can also function in order to
decrease the potential gate oxide integrity problems relevant to a charge pump circuit. As shown
in Fig.10, the output of the inverters 308 and 310 is supplied to two output intervals as an input,
in order to be pulled out from the level shifter 300 and to generate two output signals "out_pos"
and "out_neg." Especially the output of the inverter 308 is supplied as an input to the first output
inverters 602. Similarly, the output of the feedback inverter 310 is supplied as an input to the
second output inverters 604.

[0090]

By combining the output inverters 602 and 604 by such a method, never exceeding Vdd (or -
Vdd) of the output signal of the correction level shifter 600 is lost. Especially the first output
inverters 602 generate the output signal "out_pos" covering the range of GND (namely, direct
current 0V) to +Vdd in the first output node 606. The second output inverters 604 generate the
second output signal "out_neg" covering the range of -Vdd to GND in the second output node
608. If the input signal "in_" is set to GND, the output signal "out_pos" will be set to GND. The
output signal "out_neg" moves from GND to -Vdd. If the input signal "in_" is set to positive
+Vdd, "out_pos" will be set to Vdd and "out_neg" will move from -Vdd to GND. Thus, if the
correction level shifter 600 of the present invention is used, the "out_pos" output signal will be
crossed to the range of GND to +Vdd, and, on the other hand, the "out_neg" output signal will be
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crossed to the range of GND from -Vdd. The potential gate oxide integrity problems in a
correction charge pump circuit are tackled using two output signals "out_pos" and "out_neg" so
that it may describe in detail by the following. The potential gate oxide integrity problems in an
RF buffer circuit can also be tackled using these output signals so that it may describe in relation
to Fig.11 a and 11b here.

[0091]

A correction level shifter and an RF buffer circuit

In two steps of the level shifter and RF buffers 400 described above in relation to Fig.8 a, the
voltage oscillation of abbreviation 2xVdd may be experienced in an RF buffer inverter input. As
already described, in the voltage oscillation of this level, gate oxide integrity problems arise and
it may have harmful influence on the function of RF buffer transistor.

[0092]

The alternative embodiment of the two-step level shifter and the RF buffer circuit 400 described
above in relation to Fig.8 a to Fig.11 a and 11b is shown. The voltage concerning the gate oxide
of an RF buffer is kept from exceeding Vdd from 0.9 volt reliably in the alternative embodiment
of an RF buffer shown in Fig.11 b using the voltage divider circuit described above. As shown in
Fig.11 b, the 2nd step RF buffer circuit 402' combined with the 1st step level shifter circuit 600
and it is included in substitute two-step level shifter and RF buffer circuit 400'. In this
embodiment of a level shifter and the RF buffer circuit 400", An RF buffer output signal "out"
and "out_" are generated using the output "out_pos" and "out_neg" of a correction level shifter
which were described above in relation to Fig.11 as an input to an RF buffer inverter. For
example, as shown in Fig.11 b, "out_pos" and the "out_neg" output signal which the first
correction level shifter 700 generates are input into the two RF buffer inverters 702 and 704,
respectively. Similarly, "out_pos" and the "out_neg" output signal which the second correction
level shifter 706 generates are input into the two RF buffer inverters 708 and 710, respectively.
According to Embodiment 400’ of the substitution shown in Fig.11 a and 11b, as for the
"out_pos" output, the input signal "in" is logically set to Vdd at the time of a high signal, and, on
the other hand, "out_neg" is set to GND. Thus, logically, at the time of a high value, the output
of the inverter 702 is set to GND and, as for the output of the inverter 704, the input signal "in" is
set to -Vdd. Therefore, as for the output of the inverter 712, the input signal "in" is set to ("out")-
Vdd when high. When low, an opposite output is generated for an input signal "in."

[0093]

The power supply voltage of the first RF output inverter 712 is controlled using the RF buffer
inverters 702 and 704. Similarly, the power supply voltage of the second RF output inverter 714
is controlled using the RF buffer inverters 708 and 710. An RF switch is controlled by this
embodiment using an RF buffer output signal "out" and "out_" (that is, the output signal "out"
works as control voltage "SW", and, on the other hand, commits "out_" as control voltage
"SW_").

[0094]

Correction charge pump alternative embodiment

As mentioned above, two output signals "out_pos" and "out_neg" which the correction level
shifter 600 of Fig.10 generates, It can use by one embodiment of the substitution in a charge
pump circuit, and the potential gate oxide integrity problems relevant to the excessive voltage
applied to a charge pump can be decreased or eliminated. As it described above in relation to
Fig.5 b and 5c, it is a charge pump transistor (). That is, the voltage oscillation of 2xVdd is
among the clock signals used in order to control the gate of the P channel transistors 208 and 210
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and the N channel transistors 212 and 214. For example, as shown in Fig.5 c, a charge pump
clock signal "Clk1" and "Clk2" are crossed to the range of positive power-supply-voltage +Vdd
from negative power-supply-voltage-Vdd. The voltage oscillation covering this whole region
may cause oxide integrity problems in a charge pump circuit like the gate oxide integrity
problems described above in relation to the RF buffer circuit and the level shifter circuit.
Therefore, by restricting the voltage applied to a gate oxide from -Vdd to the range of 0.9V
shows to Fig.12 the correction charge pump circuit which decreases in number or eliminates
potential gate oxide integrity problems.

[0095]

The correction charge pump 800 is shown in Fig.12. This uses the correction level shifter 600
described above in relation to Fig.10. As shown in Fig.12, the charge pump circuit 206" and the
charge pump clock generation circuit 802 of the present invention are included in the correction
charge pump 800. By the charge pump clock generation circuit 802, the clock control signal
which the charge pump circuit 206" uses is generated. The design resembles dramatically the
charge pump 206 which the charge pump circuit 206' described above in relation to Fig.5 b. For
example, it adds to path capacitor Cp216 and the output capacitor C218, and the pair of P
channel transistors 208 and 210 and the pair of N channel transistors 212 and 214 are contained
in the charge pump circuit 206'. According to one embodiment of the charge pump circuit 206/,
there is a capacitance of hundreds of pF order in the output capacitor C218, and there is a
capacitance of about 50 pF in capacitor Cp216. The person skilled in the art of the charge pump
design field will be understood [ that other capacitance values can be used and ], without
deviating from the range or the meaning of the present invention.

[0096]

The function of charge pump 206' resembles dramatically the charge pump 206 described above
in relation to Fig.5 a. Therefore, it does not carry out describing the operation in detail again
here. That charge pump 206' shown in Fig.12 differs from the charge pump 206, The control
signal used in order to control the transistor gate (namely, gate of the transistors 208, 210, 212,
and 214) of charge pump 206/, It is the point restricted to the region of the half of a voltage
oscillation (that is, restricted to the range of Vdd from the ground or the ground from -Vdd). the
potential gate oxide integrity problems produced when gate control voltage vibrates the whole
region from -Vdd to Vdd namely, -- -- or [ therefore, / decreasing ] -- or it eliminates.

[0097]

As shown in Fig.12, the four correction level shifters 804, 806, 808, and 8§10 combined with
feedback composition are contained in both the charge pump clock generation circuits 802.
According to one embodiment of a correction charge pump, four correction level shifters are
realized by the correction level shifter 600 described above in relation to Fig.10. The level shifter
using the graphic table expression 601 of the level shifter 600 in Fig.10 is shown in
Fig.12.According to this embodiment, the level shifters 804, 8§06, 808, and 810 carry out the
same operation as the level shifter 600 of Fig.10. Two non-overlapping clock signals "Clk1" and
"Clk2" (and each reverse signal "Clk1_" and "Clk2_") are input into "in_" input part of a level
shifter as shown in Fig.12. Two input clock signals "Clk1" and "CIk2" are the same as that of the
non-overlapping clock signal described above in relation to Fig.5 a - 5c. As shown above in
relation to Fig.5 c, two non-overlapping clock signals change by the voltage swing of -Vdd to
+Vdd. According to one embodiment, a clock signal changes from direct-current-3V to direct-
current+3V.

[0098]
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The clock control signal of the half region used by four correction level shifters in order to
control charge pump 206' is generated. As especially shown in Fig.12, "CLK1POS_",
"CLKINEG_", "CLK2POS", and a "CLK2NEG" control signal are generated by four level
shifters. These are input into the charge pump transistor gate control nodes 250, 252, 254, and
256, respectively. According to the embodiment shown in Fig.12, four transistor gate control
signals "CLKI1POS_", "CLKINEG_", "CLK2POS", and "CLK2NEG" are generated by the level
shifters 805 and 808. By the level shifter 806, "CLK1POS_" and a "CLKINEG_" gate control
signal are generated, and, on the other hand, "CLK2POS" and a "CLK2NEG" gate control signal
are generated by the level shifter 808. As especially shown in Fig.12, the "out_pos" output
("CLK1POS_") of the level shifter 806 is combined in order to control the transistor gate input
part 250 of the transistor 208. The "out_neg" output ("CLKINEG_") of the level shifter 806 is
combined in order to control the transistor gate input part 252 of the transistor 210. Similarly, the
"out_pos" output ("CLK2POS") of the level shifter 808 is combined in order to control the
transistor gate input part 254 of the transistor 214. Finally, the "out_neg" output ("CLK2NEG")
of the level shifter 808 is combined in order to control the transistor gate input part 256 of the
transistor 214. It functions as the clock generation circuit 802 preventing the excessive voltage of
the whole gate oxide in a charge pump transistor.

[0099]

The person skilled in the art of the transistor design field will be understood [ that other control
constitution can be used and ], without deviating from the meaning or the range of the present
invention. For example, in the alternative embodiment of a correction charge pump, a control
signal can be generated using other two level shifters (804 and 810). As it described above in
relation to the charge pump circuit 206, correction charge pump 206’ of the present invention is
realizable using substitute transistor composition (an N channel and a P channel).

[0100]

As shown in Fig.12, the four level shifters 804, 8§06, 808, and 810, It is combined with both the
groups (804, 806, and 808 and §10) of a level shifter in the feedback composition which
resembles dramatically the feedback topology of the level shifter described above in relation to
Fig.6 a. For example, the "out_" output node (signal) of the level shifter 804 is supplied to the
"out" node of the level shifter 806 of the related group as feedback. Similarly, the "out_" output
node of the level shifter 806 is supplied to the "out" node of the level shifter 804 of the related
group as feedback. Similarly, the "out_" output node of the level shifter 808 is supplied as
feedback to the "out" node of the level shifter 810 of the related group. The "out_" output node
of the level shifter 810 is supplied to the "out" node of the level shifter 808 of the related group
as feedback. In generating of four transistor gate control signals "CLKI1POS_", "CLKINEG_",
"CLK2POS", and "CLK2NEG", the clock generation circuit 802 uses feedback composition.
[0101]

Outline

The new RF switch manufactured using SOI and a CMOS process is provided. If a switch is
manufactured on a SOI substrate, as a result, board bias will be lost and it will become possible
to accumulate the main CMOS-circuit configuration blocks with an RF switch element. By
accumulating a CMOS structure block with an RF switch element, the solution [ need / only a
single external power (that is, negative power supply voltage is generated inner in the charge
pump circuit accumulated with the RF switch) / to be used ] of the RF switch integrated
completely is provided. As this result, RF switch separation, insertion loss, and compression are
improved. In one embodiment, the 1-dB compression point of an RF switch exceeds about 1 W,
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insertion loss is less than about 0.5 dB, and switch separation is about about 40 dB in height.
Switching time improves with a present invention switch again.

[0102]

It has described about some embodiments of the present invention. However, it will be
understood that various corrections are possible, without deviating from the meaning and the
range of the present invention.

[0103]

Therefore, the present invention should understand the specific thing which it is not limited by
the illustrated embodiment but is limited by only attached Claims.

[Brief Description of the Drawings]

[0104]

[Fig.1 a] It is a simple electrical-and-electric-equipment figure of the single-pole single-throw
(SPST) RF switch by the advanced technology used in order to describe the performance
characteristic of an RF switch.

[Fig.1 b] It is a simple electrical-and-electric-equipment figure of SPST and the RF switch in
Fig.1 a, and this switch turns "ON" and the characteristics with a main switch when passage of
an RF signal is attained from an input node to an output node are shown.

[Fig.1 c] An RF switch turns "OFF" and the equivalent small signal electrical property of the RF
switch in Fig.1 a when an RF signal is blocked with it from an output node, and 1b is shown.
[Drawing 2]1t is a simple electrical-and-electric-equipment figure of the single pole double throw
(SPDT) RF switch by the advanced technology.

[Drawing 3]1t is an electric figure of the RF switch by one embodiment of the present invention.
[Drawing 4]1t is a simple block diagram of the RF switch which was manufactured according to
the present invention and which is illustration-like and was integrated completely.

[Fig.5 a] It is a simple block diagram of one illustration embodiment in the negative voltage
generator shown in the simple block diagram of Fig.4.

[Fig.5 b] It is an electric figure of the first embodiment in the charge pump circuit used since
negative service voltage is generated to the RF switch of Fig.4.

[Fig.5 c] It is the plot of a voltage swing versus [ which shows two voltage swings of a clock
signal which do not overlap but change temporally ] time used in order to control the charge
pump circuit of Fig.5 b.

[Fig.6 a] It is an electric figure of the first embodiment in the level shift circuit of the present
invention.

[Fig.6 b] It is an electric figure of one embodiment in the inverter used in order to realize the
level shifter of Fig.6 a.

[Fig.7 a] It is the plot of a voltage swing versus time of the output signal which the level shifter
of the present invention of Fig.6 a corresponding to a digital input signal and it generates.

[Fig.7 b] They are simple logical symbols of the level shifter of the present invention in Fig.6 a.
[Fig.8 a] It is an electric figure of one embodiment in a two-step level shifter and RF buffer
circuit including the level shifter of the 1st step, and the RF buffer circuit of the 2nd step.

[Fig.8 b] It is a simple block diagram of an interface to the RF buffer circuit of a digital control
input and Fig.8 a.

[Fig.9 a] It is an electric figure of one embodiment in the low current voltage divider (LCVD)
circuit which manufactured according to invention of this RF switch.

[Fig.9 b] They are simple logical symbols used in order to express the voltage divider of Fig.9 a.
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[Drawing 10]It is an electric figure of the second embodiment in the level shift circuit which uses
the low current voltage divider circuit of Fig.9 a in combination with the level shift circuit of
Fig.6 a.

[Fig.11 a] It is an electric figure showing the alternative embodiment of the two-step level shifter
and RF buffer circuit of Fig.8 a.

[Fig.11 b] It is an electric figure showing the alternative embodiment of the two-step level shifter
and RF buffer circuit of Fig.8 a.

[Drawing 12]It is an electric figure of the correction charge pump which uses the level shift
circuit of Fig.10.
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Title
Switching System and Method

Field of the Invention

The present invention generally relates to the field of semiconductors and RF systems.
In particular, the invention relates to RF switches and to switching radio frequency (RF)

signals within an integrated circuit.

Background to the Invention

RF switches are a key building block in wireless systems and find many uses in
applications such as mobile phones and wireless LANS. The act of switching radio
frequency signals in an integrated circuit is carried out by an RF switch circuit. Many

technologies exist for the design of integrated RF switch circuits.

Generally an RF switch system does not consist of the RF switching circuit alone and
typically must be controlled using digital logic circuitry. In addition both negative and
positive voltage levels are required to optimise the performance of the switch.
Therefore, a negative voltage generator may also be required as part of the switch
system. A switch can have a number of switching elements, although it can be
comprised of any number of switching elements, which control the flow of RF power
between different points in the particular application. Often MOSFET switches are used

as the switching element in the art of RF design.

Performance metrics such as low insertion loss, high linearity, high isolation and power
handling are critical in RF switch design. However, the RF switch performance is
limited by substrate interactions with the circuits which degrade all the key performance
metrics as well as non-linearities in the circuits themselves. Switching to an SOI
substrate has been shown to improve the loss in the substrate although additional
treatment of the silicon substrate is necessary to improve linearity. This has been
achieved using an implant step in the process which prevents charge build-up at the
silicon surface beneath the oxide. However, these steps are still not sufficient to meet
the stringent demands of wireless technologies and further techniques are required to

serve the broader wireless market segment.
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A publication by Botula A et al entitled ‘A Thin Film SOI 190nm CMOS RF Switch
Technology, IEEE, Piscataway, NJ, USA, 19 January 2009, XP031415569 discloses a
thin film SOI technology developed for RF switch applications and provides a buffer to
protect the circuits from the RF signals. Other publications include W02008/057524
assigned to Skyworks Solutions Inc., US2003/090313, Burgener et al, and US
2005/176184, Okihara Masao. However, none of the RF designs disclosed in these
publications deal with the problem of unintended interactions of the RF and/or DC (or
control) signals which are present, by injection of RF signals into the DC and low
frequency analog blocks or by direct coupling of the wires on an IC chip. If a portion of
the RF signal becomes inadvertently superimposed on the DC bias signals it degrades
the linearity of the circuits making them unsuitable for wireless applications that

demand low harmonic distortion.

One solution to the substrate interaction problem involves using an alternative substrate
material such as sapphire. However, this significantly increases manufacturing costs and
may not completely solve the interaction of RF and DC signals. Another solution
involves the use of III-V technologies such as GaAs but this also increases costs and

decreases integration levels.

There is therefore a need to provide a RF switch system, method and architecture to

overcome the above mentioned problems.

Summary of the Invention

According to the present invention there is provided, as set out in the appended claims, a
Radio Frequency (RF) system and method comprising:
a RF switch comprising a plurality of transistor switching elements implemented
on Silicon on Insulator (SOI) for switching at least one or more RF signals;
said SOI comprises a bulk substrate region and a buried oxide region;
characterised by:
at least one filter adapted to isolate the RF signal from the substrate and/or other

high frequency signals or control signals present in the RF system.
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The advantage of the invention is that the filter eliminates any possibility of coupling to
neighbouring bias lines or the substrate which will result in superior linearity in the RF
switch and reduce any RF swing that is associated with prior art RF switches. The
system provides flexibility in how bias lines are routed on an IC chip and can save die
area on larger switches since isolation between the bias lines can still be achieved

without taking precautions to space them far apart or shield them from one another.

In one embodiment there is provided a coupling capacitor adapted to cooperate with

said at least one filter to improve linearity of the transistor switch elements.

In one embodiment the at least one filter is coupled to a gate bias line of at least one of

said transistor switching elements.

In one embodiment there is provided a trench implant layer adapted with means for
capturing free carriers at the interface between the bulk substrate region and buried

oxide region.

In one embodiment the at least one filter is coupled to a gate bias line and body bias line

of at least one of said transistor switching elements.

In one embodiment both the gate and body bias signals are connected to a filter which is
connected to a bias resistor and connected to the source or drain of the switch transistor
through a capacitor. This has the effect of filtering the rf signal from the control line
outside the bias resistor preventing coupling to the substrate and neighbouring signals
while allowing the rf signal to couple locally to the gate and body of the switch

transistor to improve it’s linearity.

In one embodiment the filters are located in close proximity to the negative voltage
generator and digital control block to prevent injection of the RF signal from the

transistor bias signals into these circuits causing non-linearities.

In one embodiment the filters are distributed across the RF system along with the

switches to the DC supplies so that filtering occurs directly at the switch arm which
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4
eliminates the need to bus control signals with RF power superimposed across the RF
system preventing injection of the RF power into the substrate as well as preventing

coupling between control lines which will improve linearity.

In another embodiment partial filtering occurs locally at the at least one transistor and

further filtering occurs at the digital block and negative voltage generator circuit blocks.

In another embodiment the width of the first and last transistor in the switch arm is
reduced to fit the coupling capacitors into the same switch area without the coupling

capacitors.

In a further embodiment the invention utilizes a trench implant layer in the
semiconductor substrate that alleviates the problem of substrate charge build-up. In one
embodiment the trench layer comprises means for capturing free carriers at the bulk
substrate/buried oxide interface. The trench layer is typically implanted during the
manufacturing process. This implanted trench layer captures the free carriers at the bulk
substrate/buried oxide interface and so stops the charge build-up that creates the weak
inversion layer. This improves the insertion loss performance of the RF switch and also

reduces the generation of harmonic products.

In one embodiment the trench implant layer substantially surrounds at least one of the

transistor switching elements.

In one embodiment at least one transistor comprises a connected drain-source resistor,
Rds, to improve the linearity performance of the RF system. The use of the trench
implant in RF switches yields improved switch performance in terms of insertion loss
and linearity. The RF switch section consists of transistors that utilise drain-source
resistors. The drain-source resistors improve the performance of the RF switch by

increasing the linearity of the circuit.

In one embodiment the plurality of transistors are arranged in a stacked configuration.
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In one embodiment at least one transistor element comprises a metal contact layer

between source and drain regions using vias.

In one embodiment the metal interconnects to connect the drain of a first transistor to

the source of the next transistor arranged in series.

In one embodiment a trench layer is positioned underneath the metal contact layers

and/or metal interconnects tracks in the RF system.

In one embodiment said system comprises a digital control block and a negative voltage

generator.

In one embodiment a filter comprises means to protect a digital control block and the
negative voltage generator from high power high frequency signals present in the RF

system.

In one embodiment the negative voltage generator comprises an oscillator circuit, a

clock generator circuit and a charge pump.

In one embodiment the digital logic block comprises means to control the on-off state of

the transistor elements of the RF system.

In a further embodiment of the present invention there is provided a Radio Frequency
(RF) system comprising:
a RF switch comprising a plurality of transistor switching elements implemented
on a layer of Silicon on Insulator (SOI);
a digital control block; and
a negative voltage generator,
wherein the layer of SOI comprises a trench implant layer to prevent unwanted

substrate charge build-up.

In a further embodiment of the invention there is provided a method of manufacturing

an RF system comprising the steps of:
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arranging a plurality of transistor switching elements implemented on Silicon on
Insulator (SOI), said SOI comprises a bulk substrate region and a buried oxide
region;

positioning at least one filter adapted to isolate a RF signal from the substrate

and/or other high frequency signals or control signals present in the RF system.

In a further embodiment there is provided a system comprising:
a switch comprising a plurality of transistor switching elements implemented on
a layer of Silicon on Insulator (SOI);
said SOI layer comprises a bulk substrate region and a buried oxide region;
wherein a trench implant layer is provided with means for capturing free carriers

at the interface between the bulk substrate region and buried oxide region.

In another embodiment there is provided a system comprising:
a switch comprising a plurality of transistor switching elements implemented on
a layer of Silicon on Insulator (SOI);
a digital control block; and
a negative voltage generator,
wherein at least one transistor comprises a connected drain-source resistor, Rds, to

improve the linearity performance of the system.

In another embodiment there is provided a Radio Frequency (RF) system comprising:
a RF switch comprising a plurality of transistor switching elements implemented
on Silicon on Insulator (SOI) for switching at least one or more RF signals;
said SOI comprises a bulk substrate region and a buried oxide region;
a digital control block;
a negative voltage generator characterised by:
a trench implant layer adapted with means for capturing free carriers at the
interface between the bulk substrate region and buried oxide region,
at least one filter adapted to isolate the RF signal from the substrate, the digital

control block and/or negative voltage generator.
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In another embodiment there is provided a RF switch comprising a plurality of transistor
switching elements implemented on a semiconductor substrate for switching at least one
or more RF signals; characterised by at least one filter adapted to isolate the RF signal
from the substrate and/or other high frequency signals or control signals present in the
RF system. The semiconductor substrate can be any type of material, but preferably

comprises SOI material.

Brief Description of the Drawings

The present invention will be more clearly understood from the following description of
an embodiment thereof, given by way of example only, with reference to the
accompanying drawings, in which:
Figure 1 illustrates a cross-sectional diagram of a typical SOI process;
Figure 2 illustrates in block diagram of the main elements of an RF switch
system;
Figure 3 illustrates an implementation of an RF switch containing two series and
two shunt arms;
Figure 4 illustrates a cross-sectional diagram of a single NMOS transistor
implemented in a standard SOI process;
Figure 5 illustrates the combination of a filter, a 1f bias resistor and switch or
shunt transistor, according to a preferred embodiment of the invention;
Figure 6 illustrates a filter and bias resistor on both the gate and body of the
switch or shunt transistor, according to another embodiment of the invention;
Figure 7 illustrates a filter with a bias resistor and a coupling capacitor on the
gate to drain, gate to source, body to drain and body to source terminals;
Figure 8 shows a filter blocking RF signals from reaching the digital logic
blocks and the positive and negative power supplies;
Figure 9 illustrates an embodiment of a centralized filter bank according to
another aspect of the invention;
Figure 10 illustrates the concept of a local filter per switch according to one
embodiment of the invention;
Figure 11 illustrates a cross-sectional diagram of the charge build up in the
substrate, occurring at the interface between the bulk substrate and the buried

oxide;
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Figure 12 illustrates a cross-sectional diagram of the trench implants that are
used to remove the charge build-up in the substrate of an RF system according to
one aspect of the invention;

Figure 13 shows a circuit level implementation of a switch arm where a number
of transistors are connected together in series and parallel;

Figure 14 shows the same transistor level implementation of a switch arm as in
Figure 13 except in this case the location of the trench layer implants is shown;
Figure 15 shows a layout view of a typical switch arm;

Figure 16 illustrates a cross-sectional diagram of the switch implementation of
Figure 15;

Figure 17 illustrates a block diagram of the principle elements of the negative
voltage generator block; and

Figure 18 illustrates a block diagram of the principle elements of the digital

control block.

Detailed Description of the Drawings

Figure 1 illustrates a cross section of the principle elements of a typical SOI process.
The SOI process consists of a thin silicon active area above an insulating layer. This
insulating layer sits on top of a silicon substrate. A typical material for the insulating
layer is silicon dioxide. In general SOI technologies consist of a bulk substrate 1, a
buried oxide layer 2 and another thin active silicon layer 3. The bulk substrate 1 is
generally a high resistivity substrate. The bulk substrate 1 can be either P-type or N-
Type. A typical thickness for the bulk substrate is 250um. The buried oxide layer 2 is an
insulator layer, typically silicon dioxide. A typical thickness of the buried oxide layer 2
is lum. The silicon layer 3 above the buried oxide is a thin layer of the order of 0.2um.

Figure 2 shows a block diagram of the principle elements of an RF switch system. A
switch system consists of an RF switch section 10, a digital logic section 11 and a
negative voltage generator section 12. The RF switch 10 shown is a single pole two
throw (SP2T) switch. The switch has four switching elements. Each switching element
can be turned on or off. Ideally, when the switch 10 is on it behaves as a short circuit
and when it is off it behaves as an open circuit. The on/off state of each switching
element is controlled by DC voltages from the digital logic control block. The logic

inputs are used to control what control voltage is applied to each switching element. To
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meet required performance levels in RF switch design a negative voltage is needed to
control the off state of the switching element. This negative voltage is supplied by the
negative voltage generator 12. The negative voltage generator 12 supplies the digital
control block with a constant negative DC voltage. This negative DC voltage, along
with the positive supply voltage, is then used by the digital control block 11 to control

the switching elements.

A typical example of an RF switch section is illustrated in Figure 3. This figure shows a
single pole two throw switch. It contains two series arms 20, 21 and two shunt arms 22
23. The series arms 20, 21 are used to control the flow of RF signals between different
points of the RF system. The shunt devices 22, 23 are used to improve the RF
performance of the circuit by increasing the isolation. The single pole two throw switch
functions as follows: when series arm 20 is on, series arm 21 is off, shunt arm 22 is off
and shunt arm 23 is on. The on/off state of each arm is controlled by positive and
negative voltages from the digital control block. The positive and negative control
voltages are applied to the gates of the transistors of each arm through large resistors
(Rg). One important aspect of the present invention is the provision of drain-source
resistors, Rds, 24 that are used on each transistor in the switch circuit. These Rds

resistors 24 are used to improve the linearity performance of the switch circuit.

As shown in Figure 3 each switching element of the switch circuit consists of five
transistors connected is series. This series connection of transistors is known as
“stacking”. Multiple transistors are stacked in this manner to design a switch that can
operate under high voltage conditions. This idea behind using stacked transistors is to
replace the single transistors in the switch by a series of two or more transistors. As a
result, if m transistors are used in the stack, then the voltage seen across the source and
drain of each of the transistors will be distributed evenly and will be reduced by a factor

m.

However, the system can contain any number of transistors without deviating from the
scope of this invention. An arm is turned on by the application of a positive voltage to
the gate resistors, Rg, of the transistors of the particular arm. In the case of series arm 20

application of a positive voltage creates a low resistance path between node 1 and node

EX-1037
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0259



10

20

25

WO 2011/045442 PCT/EP2010/065653

10
2. The lower the resistance of this path the less RF power is lost when a signal travels
from node 1 to node 2. The amount of signal power lost between node 1 and node 2 is

known as the insertion loss of the switch.

As shown in Figure 4 transistors are made in the thin active layer of the process. The
transistor consists of drain, source and gate regions, gate dielectric and a channel region.
The source and drain regions are created in this thin silicon layer using a suitable heavy
dopant. The channel region is the area of active silicon between the source and drain.
The gate dielectric is formed over the channel region. Isolation implants can also be
implanted in areas of unused active silicon. Contact to the source and drain regions can

be made using vias that connect to the processes’ metal layers.

Figure 5 shows the placement of a filter 60 before a number of bias resistors 61 on the
gate of a number of transistors 62 of one of the arms shown in Figure 3, according to a
preferred embodiment of the invention. The bias resistor 61 is typically a large value of
~50-100k Ohms but is limited in how large it can be by the switching time requirements
of the switch. As a result of this limitation some RF power will leak through the
resistors to the gate bias line. This RF power can couple to the substrate from the gate
bias line or couple to another bias line on the chip resulting in non-linearities in the
switch behaviour. The filter 60 attenuates this RF power/voltage to isolate the RF signal
from the substrate and/or other high frequency signals or control signals present in the
RF system. Figure 6 is similar to Figure 5 except there is a filter placed on the body
contact as well as the gate. The additional body contact improves the transistor linearity

but this benefit can be lost if a filter is not present.

Figure 7 shows the addition of a coupling capacitor 64 to the transistors 62 at each end
of a switch arm. Figure 7 illustrates the filter with the bias resistor and the coupling
capacitor on the gate to drain, gate to source, body to drain and body to source
terminals. The capacitor 64 will feed more of the RF voltage to the transistor gate and
body. This is advantageous for the transistor since the change in bias with incoming RF
power will reduce the voltage differentials on the transistor and help it’s response to be

more linear. However, without the presence of the filter 60 more RF power would also
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be coupled to the bias line adding non-linearities elsewhere in the DC and analog

circuits or through coupling to the substrate through the bias lines.

Figure 8 is similar to Figure 7 but shows how the filters isolate the digital and low
frequency analog circuits 65 and 66 from the RF power which will improve linearity.
Figure 8 shows the filter 60 blocking RF signals from reaching the digital logic blocks

65 and the positive and negative power supplies 66.

Figure 9 shows one possible implementation of the filters 60 which are located together
and in close proximity to the digital and low frequency analog circuits 65. Figure 9
illustrates how bias lines 70 run around the chip and can create coupling according to
one embodiment. The bias lines 70 are designed to be relatively long can run for
approximately a millimetre in length around the chip. Without the presence of an RF
filter 70 significant rf voltage would be present on the bias lines and would couple to
other bias lines or to the substrate which would cause non linearities in the switch
characteristics. The design of the filter 60 significantly reduces the voltage swings on

the bias lines 70.

Figure 10 shows another implementation where filters 60a, 60b, 60c and 60d (and
associated circuits) are placed local to each switch. Figure 10 illustrates how the local
filter architecture removes the long bias lines, according to one embodiment. Figure 10
shows how local filters are used to reduce any rf voltage on the bias lines but more
importantly dramatically reduce the length of the bias lines themselves thus eliminating
any possibility of coupling to neighbouring bias lines or the substrate which will result
in superior linearity in the switch. The local filter architecture eliminates the long bias
lines on the IC chip eliminating any possibility of rf coupling to each other or to the

substrate.

Figure 11 shows the region where charge build-up can occur in an SOI process
indicated generally by the reference numeral 30. Free carriers in the bulk substrate form
a weak inversion layer 30 at the interface between the bulk substrate 1 and the buried
oxide layer 2. This weak inversion layer 30 has adverse affects on the RF performance

of a switch circuit. It results in a varying parasitic capacitance over the RF cycle that
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creates unwanted harmonic products and increases insertion loss of the switch circuit.
This seriously impacts the usefulness of SOI as a process for the design of RF switches.
However, an important aspect of the invention is that the effects of this inversion layer
can be reduced by using a trench implant layer 31. This is illustrated in Figure 12. The
trench layer 31 is typically implanted during the manufacturing process has means for
capturing the free carriers at the bulk substrate/buried oxide interface and so stops the
charge build-up that creates the weak inversion layer 30. This improves the insertion
loss performance of the RF switch and also reduces the generation of harmonic
products. The trench implant layer process was developed to reduce harmonic distortion
caused by substrate-circuit interactions. The trench is built after the transistors have
been formed. This is achieved by etching down to the substrate where active devices are
not present and implanting the substrate to create damage which will inhibit the

formation of mobile electrons at the substrate interface.

As shown in Figure 3 typical RF switch applications utilise a number of transistors
connected in series. This is done so that the switch circuit can operate under high
voltage conditions. Typical switch designs also utilise a number of transistors connected
in parallel. Figure 13 shows a typical implementation of a single arm of a switch circuit.
As illustrated there are M transistors connected, or stacked, in series. M can be any
number depending on the particular design requirements. Each series transistor in the
stack of M transistors can themselves be made up of N transistors connected in parallel.
N can be any number depending on the particular design requirements. However the
weak inversion layer 30 has adverse affects on the RF performance of a transistors,
resulting in a varying parasitic capacitance over the RF cycle that creates unwanted

harmonic products and increases insertion loss of the switch circuit as outlined above.

Figure 14 shows the same implementation as Figure 15 except in this case the trench
implant layer 31 is utilized. As can be seen the trench layer 31 surrounds each of the
parallel transistors from 1 to N and each of the stacked cells from 1 to M. The trench
layer improves the insertion loss performance of the RF switch and also reduces the

generation of harmonic products.
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Figure 15 shows a layout view of three of the M series transistors and two of the N
parallel transistors of Figure 4. As can be seen each transistor is completely surrounded
by the trench implant layer 31. Figure 16 shows a cross-section of Figure 15. Metal
interconnects are used to connect the drain of each transistor to the source of the next
series transistor. A trench implant is used underneath each of these metal interconnects
and between each transistor in the stack. Those skilled in the basic art of RF switch
layout will see that many similar layout implementations are possible while not

deviating significantly from the invention described here.

As shown in Figure 2 as well as the RF switch itself is a complete switch system
comprised of a digital block and negative voltage generator block 12. Figure 17 shows a
block diagram of the principle elements of a negative voltage generator. The negative
voltage generator 12 contains an oscillator circuit 40, a clock generator circuit 41 and a
charge pump 42. As stated already the arms of the RF switch need to be turned on and
off at various times. For many applications a negative voltage is required to turn the
transistor arm off. This is due to high power nature of certain applications and also to

the stringent linearity requirements that must be met.

Figure 18 shows a block diagram of the principle elements of the digital control block
11. The digital logic block in its simplest form is comprised of a decoder circuit 50,
level shifter 51 and a filter 52, which functions in the same way as the filter 60
described above. The level shifter 51 takes the negative voltage generated in the
negative voltage generator as one of its inputs. The filter 52 prevents unwanted high
power RF signals from the RF switch from damaging the digital logic blocks and the
negative voltage generator block. The function of the digital logic block is to control the
on-off state of the transistor arms of the RF switch. The RF transistors operate under
high power conditions. Under certain operating conditions the level shifter can be
exposed to these high power RF signals. The filter 52 is positioned between the level
shifter outputs and the gate resistors of the RF transistors. The filter 52 functions by
blocking any RF signals from reaching the level shifter and so protect the circuitry from

damage.
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It will be appreciated that in the context of the present invention SOI is a preferred
substrate to bring the invention into effect, however it is envisaged any type of
semiconductor substrate can be used that is suitable for making a RF switching system

as hereinbefore described with respect to the description and/or figures.

In the specification the terms "comprise, comprises, comprised and comprising” or any
variation thereof and the terms include, includes, included and including" or any
variation thereof are considered to be totally interchangeable and they should all be

afforded the widest possible interpretation and vice versa.

The invention is not limited to the embodiments hereinbefore described but may be

varied in both construction and detail.
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Claims

1.

A Radio Frequency (RF) system comprising:
a RF switch comprising a plurality of transistor switching elements implemented
on Silicon on Insulator (SOI) substrate for switching at least one or more RF
signals; said SOI comprises a bulk substrate region and a buried oxide region;
characterised by:
at least one filter adapted to isolate the RF signal from the substrate and/or other

high frequency signals or control signals present in the RF system.

The RF system of claim 1 wherein a coupling capacitor is adapted to cooperate with

said at least one filter to improve linearity of the transistor switch elements.

The RF system as claimed in claims 1 or 2 comprising a trench implant layer
adapted with means for capturing free carriers at the interface between the bulk

substrate region and buried oxide region.

The RF system as claimed in any preceding claim wherein the at least one filter is

coupled to a gate bias line of at least one of said transistor switching elements.

The RF system as claimed in any preceding claim wherein the at least one filter is
coupled to a gate bias line and body bias line of at least one of said transistor

switching elements.

The RF system as claimed in any preceding claim wherein gate and body bias
signals are connected to the at least one filter which is connected to a bias resistor

and connected to the source or drain of the switch transistor through a capacitor.

The RF system as claimed in any preceding claim wherein partial filtering occurs
locally at the at least one transistor and further filtering occurs at the digital block

and negative voltage generator circuit blocks.
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10.

11.

12.

13.

14.

15.

16.

17.

16

The RF system as claimed in any preceding claim wherein the width of the first and
last transistor in the switch is reduced to fit the coupling capacitors into the same

switch area without the coupling capacitors.

The RF system as claimed in any preceding claim wherein the trench implant layer

substantially surrounds at least one of the transistor switching elements.

The RF system of claims as claimed in any preceding claim wherein at least one
transistor comprises a connected drain-source resistor, Rds, to improve the linearity

performance of the RF system.

The RF system of any preceding claim wherein the plurality of transistors are

arranged in a stacked configuration.

The RF system of any preceding claim comprising metal interconnects to connect

the drain of a first transistor to the source of the next transistor arranged in series.

The RF system of claim 12 wherein a trench layer is positioned underneath the

metal contact layers and/or metal interconnects tracks in the RF system.

The RF system of any preceding claim wherein said system comprises a digital

control block and a negative voltage generator.

The RF system as claimed in claim 14 wherein the at least one filter comprises
means to isolate the digital control block and the negative voltage generator from

high power high frequency signals present in the RF system.

The RF system as claimed in claims 14 or 15 wherein the negative voltage generator

comprises an oscillator circuit, a clock generator circuit and a charge pump.

The RF system as claimed in any of claims 14 to 16 wherein the digital logic block
comprises means to control the on-off state of the transistor elements of the RF

system.
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18. A method of manufacturing an RF system comprising the steps of:
arranging a plurality of transistor switching elements implemented on Silicon on
Insulator (SOI), said SOI comprises a bulk substrate region and a buried oxide
5 region;
positioning at least one filter adapted to isolate a RF signal from the substrate

and/or other high frequency signals or control signals present in the RF system.

19. The method of claim 18 comprising the step of implanting a trench implant layer
10 between said substrate and buried oxide region for capturing free carriers at the

interface between the bulk substrate region and buried oxide region.

20. The method of claim 19 wherein the trench implant layer substantially surrounds at
least one of the transistor switching elements.

15
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75900-50031D1 PATENT

RADIO FREQUENCY DEVICES HAVING REDUCED INTERMODULATION
DISTORTION

RELATED APPLICATION
[0001] This application is a divisional of U.S. Patent Application No.
13/936,175, filed on July 6, 2013, titled “Radio-Frequency Switch System Having
Improved Intermodulation Distortion Performance,” which claims priority to U.S.
Provisional Application No. 61/669,045, filed on July 7, 2012, and entitled “Radio-
Frequency Switch System Having Improved Intermodulation Distortion
Performance,” the disclosures of which are hereby incorporated by reference in

its entirety.

BACKGROUND

Field

[0002] The present disclosure generally relates to the field of

electronics, and more particularly, to radio-frequency switches.

Description of Related Art

[0003] Radio-frequency (RF) switches, such as transistor switches, can
be used to switch signals between one or more poles and one or more throws.
Transistor switches, or portions thereof, can be controlled through transistor
biasing and/or coupling. Design and use of bias and/or coupling circuits in
connection with RF switches can affect switching performance.

SUMMARY
[0004] In some implementations, the present disclosure relates to a
radio-frequency (RF) switch system that includes a switch having a stack of field-
effect transistors (FETs) connected in series between first and second nodes.
The system further includes a capacitor connected in series with the switch and
configured to inhibit a low-frequency blocker signal from mixing with a

fundamental-frequency signal in the switch.
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[0005] In some embodiments, the FETs can be silicon-on-insulator
(SOI) FETs. In some embodiments, the first node can be an antenna node. The
capacitor can be disposed between the switch and the antenna node. The
switch can be part of a transmit path such that the second node of the switch is
an input node for an amplified RF signal. The switch can be part of a receive
path such that the second node of the switch is an output node for an RF signal
received from the antenna.

[0006] According to some implementations, the present disclosure
relates to a semiconductor die having a semiconductor substrate and a switch
formed on the semiconductor substrate and having a stack of field-effect
transistors (FETs) connected in series. The die further includes a capacitor
formed on the semiconductor substrate and connected in series with the switch.
The capacitor is configured to inhibit a low-frequency blocker signal from mixing
with a fundamental-frequency signal in the switch.

[0007] In some embodiments, the die can further include an insulator
layer disposed between the FETs and the semiconductor substrate. The die can
be a silicon-on-insulator (SOI) die.

[0008] In a number of implementations, the present disclosure relates
to a method for fabricating a semiconductor die. The method includes providing
a semiconductor substrate and forming a stack of field-effect transistors (FETSs)
on the semiconductor substrate so as to be connected in series. The method
further includes forming a capacitor on the semiconductor substrate so as to be
connected in series with an end of the stack. The capacitor is configured to
inhibit a low-frequency blocker signal from mixing with a fundamental-frequency
signal in the stack.

[0009] In some embodiments, the method can further include forming
an insulator layer between the FETs and the semiconductor substrate.

[0010] In accordance with some implementations, the present
disclosure relates to a radio-frequency (RF) switch module that includes a
packaging substrate configured to receive a plurality of components. The

module further includes a semiconductor die mounted on the packaging
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substrate. The die includes a switch having a stack of field-effect transistors
(FETs) connected in series. The module further includes a capacitor connected
in series with the switch. The capacitor is configured to inhibit a low-frequency
blocker signal from mixing with a fundamental-frequency signal in the switch.

[0011] In some embodiments, the semiconductor die can be a silicon-
on-insulator (SOI) die. In some embodiments, the capacitor can be part of the
same semiconductor die as the FETs. In some embodiments, the capacitor can
be part of a second die mounted on the packaging substrate. In some
embodiments, the capacitor circuit can be disposed at a location outside of the
semiconductor die.

[0012] In an number of implementations, the present disclosure relates
to a wireless device that includes a transceiver configured to process RF signals.
The wireless device further includes an antenna in communication with the
transceiver. The wireless device further includes a switch module interconnected
to the antenna and the transceiver and configured to selectively route RF signals
to and from the antenna. The switch module includes a switch having a stack of
field-effect transistors (FETs) connected in series. The switch module further
includes a capacitor connected in series with the switch. The capacitor is
configured to inhibit a low-frequency blocker signal from mixing with a

fundamental-frequency signal in the switch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Various embodiments are depicted in the accompanying
drawings for illustrative purposes, and should in no way be interpreted as limiting
the scope of the inventions. In addition, various features of different disclosed
embodiments can be combined to form additional embodiments, which are part
of this disclosure. Throughout the drawings, reference numbers may be reused
to indicate correspondence between reference elements.

[0014] Figure 1 schematically shows a radio-frequency (RF) switch
configured to switch one or more signals between one or more poles and one or

more throws.
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[0015] Figure 2 shows that the RF switch 100 of Figure 1 can include
an RF core and an energy management (EM) core.

[0016] Figure 3 shows an example of the RF core implemented in an
single-pole-double-throw (SPDT) configuration.

[0017] Figure 4 shows an example of the RF core implemented in an
SPDT configuration where each switch arm can include a plurality of field-effect
transistors (FETs) connected in series.

[0018] Figure 5 schematically shows that controlling of one or more
FETs in an RF switch can be facilitated by a circuit configured to bias and/or
couple one or more portions of the FETs.

[0019] Figure 6 shows examples of the bias/coupling circuit
implemented on different parts of a plurality of FETs in a switch arm.

[0020] Figures 7A and 7B show plan and side sectional views of an
example finger-based FET device implemented in a silicon-on-insulator (SOI)
configuration.

[0021] Figures 8A and 8B show plan and side sectional views of an
example of a multiple-finger FET device implemented in an SOI configuration.

[0022] Figure 9 shows an example where an RF switching
configuration can include one or more capacitors to, for example, inhibit a low-
frequency blocker from mixing with a fundamental frequency.

[0023] Figure 10 shows an example where the switching configuration
of Figure 9 is in a transmit mode.

[0024] Figures 11A-11D show examples of how various components
for biasing, coupling, and/or facilitating the example configurations of Figures 9-
10 can be implemented.

[0025] Figures 12A and 12B show an example of a packaged module
that can include one or more features described herein.

[0026] Figure 13 shows that in some embodiments, one or more
features of the present disclosure can be implemented in a switch device such as
a single-pole-multi-throw (SPMT) switch configured to facilitate multi-band multi-

mode wireless operation.

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0321



[0027] Figure 14 shows an example of a wireless device that can

include one or more features described herein.

DETAILED DESCRIPTION
[0028] The headings provided herein, if any, are for convenience only

and do not necessarily affect the scope or meaning of the claimed invention.

Example Components of a Switching Device:

[0029] Figure 1 schematically shows a radio-frequency (RF) switch 100
configured to switch one or more signals between one or more poles 102 and
one or more throws 104. In some embodiments, such a switch can be based on
one or more field-effect transistors (FETs) such as silicon-on-insulator (SOI)
FETs. When a particular pole is connected to a particular throw, such a path is
commonly referred to as being closed or in an ON state. When a given path
between a pole and a throw is not connected, such a path is commonly referred
to as being open or in an OFF state.

[0030] Figure 2 shows that in some implementations, the RF switch
100 of Figure 1 can include an RF core 110 and an energy management (EM)
core 112. The RF core 110 can be configured to route RF signals between the
first and second ports. In the example single-pole-double-throw (SPDT)
configuration shown in Figure 2, such first and second ports can include a pole
102a and a first throw 104a, or the pole 102a and a second throw 104b.

[0031] In some embodiments, EM core 112 can be configured to
supply, for example, voltage control signals to the RF core. The EM core 112
can be further configured to provide the RF switch 100 with logic decoding and/or
power supply conditioning capabilities.

[0032] In some embodiments, the RF core 110 can include one or
more poles and one or more throws to enable passage of RF signals between
one or more inputs and one or more outputs of the switch 100. For example, the
RF core 110 can include a single-pole double-throw (SPDT or SP2T)

configuration as shown in Figure 2.
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[0033] In the example SPDT context, Figure 3 shows a more detailed
example configuration of an RF core 110. The RF core 110 is shown to include a
single pole 102a coupled to first and second throw nodes 104a, 104b via first and
second transistors (e.g., FETs) 120a, 120b. The first throw node 104a is shown
to be coupled to an RF ground via an FET 122a to provide shunting capability for
the node 104a. Similarly, the second throw node 104b is shown to be coupled to
the RF ground via an FET 122b to provide shunting capability for the node 104b.

[0034] In an example operation, when the RF core 110 is in a state
where an RF signal is being passed between the pole 102a and the first throw
104a, the FET 120a between the pole 102a and the first throw node 104a can be
in an ON state, and the FET 120b between the pole 102a and the second throw
node 104b can be in an OFF state. For the shunt FETs 122a, 122b, the shunt
FET 122a can be in an OFF state so that the RF signal is not shunted to ground
as it travels from the pole 102a to the first throw node 104a. The shunt FET
122b associated with the second throw node 104b can be in an ON state so that
any RF signals or noise arriving at the RF core 110 through the second throw
node 104b is shunted to the ground so as to reduce undesirable interference
effects to the pole-to-first-throw operation.

[0035] Although the foregoing example is described in the context of a
single-pole-double-throw configuration, it will be understood that the RF core can
be configured with other numbers of poles and throws. For example, there may
be more than one poles, and the number of throws can be less than or greater
than the example number of two.

[0036] In the example of Figure 3, the transistors between the pole
102a and the two throw nodes 104a, 104b are depicted as single transistors. In
some implementations, such switching functionalities between the pole(s) and
the throw(s) can be provided by switch arm segments, where each switch arm
segment includes a plurality of transistors such as FETs.

[0037] An example RF core configuration 130 of an RF core having
such switch arm segments is shown in Figure 4. In the example, the pole 102a

and the first throw node 104a are shown to be coupled via a first switch arm
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segment 140a. Similarly, the pole 102a and the second throw node 104b are
shown to be coupled via a second switch arm segment 140b. The first throw
node 104a is shown to be capable of being shunted to an RF ground via a first
shunt arm segment 142a. Similarly, the second throw node 104b is shown to be
capable of being shunted to the RF ground via a second shunt arm segment
142b.

[0038] In an example operation, when the RF core 130 is in a state
where an RF signal is being passed between the pole 102a and the first throw
node 104a, all of the FETs in the first switch arm segment 140a can be in an ON
state, and all of the FETs in the second switch arm segment 104b can be in an
OFF state. The first shunt arm 142a for the first throw node 104a can have all of
its FETs in an OFF state so that the RF signal is not shunted to ground as it
travels from the pole 102a to the first throw node 104a. All of the FETs in the
second shunt arm 142b associated with the second throw node 104b can be in
an ON state so that any RF signals or noise arriving at the RF core 130 through
the second throw node 104b is shunted to the ground so as to reduce
undesirable interference effects to the pole-to-first-throw operation.

[0039] Again, although described in the context of an SP2T
configuration, it will be understood that RF cores having other numbers of poles
and throws can also be implemented.

[0040] In some implementations, a switch arm segment (e.g., 140a,
140b, 142a, 142b) can include one or more semiconductor transistors such as
FETs. In some embodiments, an FET may be capable of being in a first state or
a second state and can include a gate, a drain, a source, and a body (sometimes
also referred to as a substrate. In some embodiments, an FET can include a
metal-oxide-semiconductor field effect transistor (MOSFET). In some
embodiments, one or more FETs can be connected in series forming a first end
and a second end such that an RF signal can be routed between the first end
and the second end when the FETs are in a first state (e.g., ON state).

[0041] At least some of the present disclosure relates to how an FET or

a group of FETs can be controlled to provide switching functionalities in desirable
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manners. Figure 5 schematically shows that in some implementations, such
controlling of an FET 120 can be facilitated by a circuit 150 configured to bias
and/or couple one or more portions of the FET 120. In some embodiments, such
a circuit 150 can include one or more circuits configured to bias and/or couple a
gate of the FET 120, bias and/or couple a body of the FET 120, and/or couple a
source/drain of the FET 120.

[0042] Schematic examples of how such biasing and/or coupling of
different parts of one or more FETs are described in reference to Figure 6. In
Figure 6, a switch arm segment 140 (that can be, for example, one of the
example switch arm segments 140a, 140b, 142a, 142b of the example of Figure
4) between nodes 144, 146 is shown to include a plurality of FETs 120.
Operations of such FETs can be controlled and/or facilitated by a gate
bias/coupling circuit 150a, and a body bias/coupling circuit 150c, and/or a

source/drain coupling circuit 150b.

Gate Bias/Coupling Circuit

[0043] In the example shown in Figure 6, the gate of each of the FETs
120 can be connected to the gate bias/coupling circuit 150a to receive a gate
bias signal and/or couple the gate to another part of the FET 120 or the switch
arm 140. In some implementations, designs or features of the gate bias/coupling
circuit 150a can improve performance of the switch arm 140.  Such
improvements in performance can include, but are not limited to, device insertion
loss, isolation performance, power handling capability and/or switching device

linearity.

Body Bias/Coupling Circuit
[0044] As shown in Figure 6, the body of each FET 120 can be
connected to the body bias/coupling circuit 150c to receive a body bias signal

and/or couple the body to another part of the FET 120 or the switch arm 140. In
some implementations, designs or features of the body bias/coupling circuit 150¢
can improve performance of the switch arm 140. Such improvements in
performance can include, but are not limited to, device insertion loss, isolation

performance, power handling capability and/or switching device linearity.
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Source/Drain Coupling Circuit

[0045] As shown in Figure 6, the source/drain of each FET 120 can be
connected to the coupling circuit 150b to couple the source/drain to another part
of the FET 120 or the switch arm 140. In some implementations, designs or
features of the coupling circuit 150b can improve performance of the switch arm
140. Such improvements in performance can include, but are not limited to,
device insertion loss, isolation performance, power handling capability and/or

switching device linearity.

Examples of Switching Performance Parameters:

Insertion Loss

[0046] A switching device performance parameter can include a
measure of insertion loss. A switching device insertion loss can be a measure of
the attenuation of an RF signal that is routed through the RF switching device.
For example, the magnitude of an RF signal at an output port of a switching
device can be less than the magnitude of the RF signal at an input port of the
switching device. In some embodiments, a switching device can include device
components that introduce parasitic capacitance, inductance, resistance, or
conductance into the device, contributing to increased switching device insertion
loss. In some embodiments, a switching device insertion loss can be measured
as a ratio of the power or voltage of an RF signal at an input port to the power or
voltage of the RF signal at an output port of the switching device. Decreased
switching device insertion loss can be desirable to enable improved RF signal

transmission.

Isolation

[0047] A switching device performance parameter can also include a
measure of isolation. Switching device isolation can be a measure of the RF
isolation between an input port and an output port an RF switching device. In
some embodiments, it can be a measure of the RF isolation of a switching device
while the switching device is in a state where an input port and an output port are

electrically isolated, for example while the switching device is in an OFF state.
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Increased switching device isolation can improve RF signal integrity. In certain
embodiments, an increase in isolation can improve wireless communication
device performance.

Intermodulation Distortion

[0048] A switching device performance parameter can further include a
measure of intermodulation distortion (IMD) performance. Intermodulation
distortion (IMD) can be a measure of non-linearity in an RF switching device.

[0049] IMD can result from two or more signals mixing together and
yielding frequencies that are not harmonic frequencies. For example, suppose
that two signals have fundamental frequencies f1 and f, (f> > f1) that are relatively
close to each other in frequency space. Mixing of such signals can result in
peaks in frequency spectrum at frequencies corresponding to different products
of fundamental and harmonic frequencies of the two signals. For example, a
second-order intermodulation distortion (also referred to as IMD2) is typically
considered to include frequencies fi+f; fo-f1, 2f4, and 2f,. A third-order IMD (also
referred to as IMD3) is typically considered to include 2f;+f,, 2f-fo, f1+2f2, f1-2f2.
Higher order products can be formed in similar manners.

[0050] In general, as the IMD order number increases, power levels
decrease. Accordingly, second and third orders can be undesirable effects that
are of particular interest. Higher orders such as fourth and fifth orders can also
be of interest in some situations.

[0051] In some RF applications, it can be desirable to reduce
susceptibility to interference within an RF system. Non linearity in RF systems
can result in introduction of spurious signals into the system. Spurious signals in
the RF system can result in interference within the system and degrade the
information transmitted by RF signals. An RF system having increased non-
linearity can demonstrate increased susceptibility to interference. Non-linearity in
system components, for example switching devices, can contribute to the
introduction of spurious signals into the RF system, thereby contributing to
degradation of overall RF system linearity and IMD performance.

10
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[0052] In some embodiments, RF switching devices can be
implemented as part of an RF system including a wireless communication
system. IMD performance of the system can be improved by increasing linearity
of system components, such as linearity of an RF switching device. In some
embodiments, a wireless communication system can operate in a multi-band
and/or multi-mode environment. Improvement in intermodulation distortion (IMD)
performance can be desirable in wireless communication systems operating in a
multi-band and/or multi-mode environment. In some embodiments, improvement
of a switching device IMD performance can improve the IMD performance of a
wireless communication system operating in a multi-mode and/or multi-band
environment.

[0053] Improved switching device IMD performance can be desirable
for wireless communication devices operating in various wireless communication
standards, for example for wireless communication devices operating in the LTE
communication standard. In some RF applications, it can be desirable to
improve linearity of switching devices operating in wireless communication
devices that enable simultaneous transmission of data and voice communication.
For example, improved IMD performance in switching devices can be desirable
for wireless communication devices operating in the LTE communication
standard and performing simultaneous transmission of voice and data

communication (e.g., SVLTE).

High Power Handling Capability

[0054] In some RF applications, it can be desirable for RF switching
devices to operate under high power while reducing degradation of other device
performance parameters. In some embodiments, it can be desirable for RF
switching devices to operate under high power with improved intermodulation
distortion, insertion loss, and/or isolation performance.

[0055] In some embodiments, an increased number of transistors can
be implemented in a switch arm segment of a switching device to enable
improved power handling capability of the switching device. For example, a

switch arm segment can include an increased number of FETs connected in
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series, an increased FET stack height, to enable improved device performance
under high power. However, in some embodiments, increased FET stack height
can degrade the switching device insertion loss performance.

Examples of FET Structures and Fabrication Process Technologies:

[0056] A switching device can be implemented on-die, off-die, or some
combination thereon. A switching device can also be fabricated using various
technologies. In some embodiments, RF switching devices can be fabricated
with silicon or silicon-on-insulator (SOI) technology.

[0057] As described herein, an RF switching device can be
implemented using silicon-on-insulator (SOI) technology. In some embodiments,
SOI technology can include a semiconductor substrate having an embedded
layer of electrically insulating material, such as a buried oxide layer beneath a
silicon device layer. For example, an SOI substrate can include an oxide layer
embedded below a silicon layer. Other insulating materials known in the art can
also be used.

[0058] Implementation of RF applications, such as an RF switching
device, using SOI technology can improve switching device performance. In
some embodiments, SOI technology can enable reduced power consumption.
Reduced power consumption can be desirable in RF applications, including
those associated with wireless communication devices. SOI technology can
enable reduced power consumption of device circuitry due to decreased parasitic
capacitance of transistors and interconnect metallization to a silicon substrate.
Presence of a buried oxide layer can also reduce junction capacitance or use of
high resistivity substrate, enabling reduced substrate related RF losses.
Electrically isolated SOl transistors can facilitate stacking, contributing to
decreased chip size.

[0059] In some SOI FET configurations, each transistor can be
configured as a finger-based device where the source and drain are rectangular
shaped (in a plan view) and a gate structure extends between the source and
drain like a rectangular shaped finger. Figures 7A and 7B show plan and side
sectional views of an example finger-based FET device implemented on SOI. As

12
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shown, FET devices described herein can include a p-type FET or an n-type
FET. Thus, although some FET devices are described herein as p-type devices,
it will be understood that various concepts associated with such p-type devices
can also apply to n-type devices.

[0060] As shown in Figures 7A and 7B, a pMOSFET can include an
insulator layer formed on a semiconductor substrate. The insulator layer can be
formed from materials such as silicon dioxide or sapphire. An n-well is shown to
be formed in the insulator such that the exposed surface generally defines a
rectangular region. Source (S) and drain (D) are shown to be p-doped regions
whose exposed surfaces generally define rectangles. As shown, S/D regions
can be configured so that source and drain functionalities are reversed.

[0061] Figures 7A and 7B further show that a gate (G) can be formed
on the n-well so as to be positioned between the source and the drain. The
example gate is depicted as having a rectangular shape that extends along with
the source and the drain. Also shown is an n-type body contact. Formations of
the rectangular shaped well, source and drain regions, and the body contact can
be achieved by a number of known techniques. In some embodiments, the
source and drain regions can be formed adjacent to the ends of their respective
upper insulator layers, and the junctions between the body and the source/drain
regions on the opposing sides of the body can extend substantially all the way
down to the top of the buried insulator layer. Such a configuration can provide,
for example, reduced source/drain junction capacitance. To form a body contact
for such a configuration, an additional gate region can be provided on the side so
as to allow, for example, an isolated P+ region to contact the Pwell.

[0062] Figures 8A and 8B show plan and side sectional views of an
example of a multiple-finger FET device implemented on SOI. Formations of
rectangular shaped n-well, rectangular shaped p-doped regions, rectangular
shaped gates, and n-type body contact can be achieved in manners similar to
those described in reference to Figures 7A and 7B.

[0063] The example multiple-finger FET device of Figures 8A and 8B

can be made to operate such that a drain of one FET acts as a source of its
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neighboring FET. Thus, the multiple-finger FET device as a whole can provide a
voltage-dividing functionality. For example, an RF signal can be provided at one
of the outermost p-doped regions (e.g., the leftmost p-doped region); and as the
signal passes through the series of FETs, the signal’s voltage can be divided
among the FETs. In such an example, the rightmost p-doped region can act as
an overall drain of the multi-finger FET device.

[0064] In some implementations, a plurality of the foregoing multi-finger
FET devices can be connected in series as a switch to, for example, further
facilitate the voltage-dividing functionality. A number of such multi-finger FET
devices can be selected based on, for example, power handling requirement of

the switch.

Examples of Bias and/or Coupling Configurations for Improved Performance:

[0065] Described herein are various examples of how FET-based
switch circuits can be biased and/or coupled to yield one or more performance
improvements. In some embodiments, such biasing/coupling configurations can
be implemented in SOI FET-based switch circuits. It will be understood that
some of the example biasing/coupling configurations can be combined to yield a
combination of desirable features that may not be available to the individual
configurations. It will also be understood that, although described in the context
of RF switching applications, one or more features described herein can also be

applied to other circuits and devices that utilize FETs such as SOI FETs.

14

EX-1037

Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.

0331



Example Configurations

[0066] Intermodulation distortion (IMD) measures an unwanted signal
added to a desired signal due to mixing products from other RF signals. Such an
effect can be particularly dominant in a multi-mode, multi-band environment.
IMD can the result from two or more signals mixing together to yield frequencies
that are not harmonic frequencies.

[0067] System designers typically strive to reduce interference
susceptibility through, for example, improved linearity. A given system’s linearity
can govern how much IMD will occur within it, which in turn can create
interferences. Through improved linearity of the system building blocks, such as
an RF switch, the overall susceptibility of a system to interference can be
decreased.

[0068] Performance features such as a lower IMD in RF switches can
be an important factor in wireless-device designs. For example Long Term
Evolution (LTE) systems can benefit significantly from RF switches having
reduced IMDs. As a more specific example, system designs for simultaneous
voice and data on LTE (SVLTE) can benefit significantly from RF switches having
ultra-low levels of IMDs.

[0069] Figure 9 shows a switching configuration 250 in an example
context of a single-pole-dual-throw (SPDT) application. The single pole is shown
to be connected to an antenna 252. One of the two throws is shown to be
coupled to a receive (Rx) port via a switch circuit S. The Rx port can be coupled
to a ground via a shunt switch circuit.

[0070] Similarly, the other throw is shown to be coupled to a transmit
(Tx) port via a switch circuit S. The Tx port can be coupled to the ground via a
shunt switch circuit.

[0071] In some embodiments, each of the switch circuits ("S" and
"Shunt") can include one or more FETs such as SOl FETs. A single FET is
sometimes referred to herein with a reference numeral 120 or 122, and a stack of

such FETs is sometimes referred to herein with a reference numeral 140 or 142.
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In some embodiments, the "S" and "Shunt" switches can include one or more
features described herein to provide various advantageous functionalities.

[0072] The switching configuration of Figure 9 is shown to include
capacitors to inhibit a low-frequency blocker from mixing with a fundamental
frequency. For example, a capacitor C1 is provided between the antenna node
and the switch arm S of the Tx throw. Similarly, a capacitor C2 is provided
between the antenna node and the switch arm S of the Rx throw. For the shunt
arms, a capacitor C3 is provided between the Tx node and its shunt switch arm.
Similarly, a capacitor C4 is provided between the Rx node and its shunt switch
arm. In some embodiments, a shunt arm may or may not be provided for the Rx
node. With the foregoing capacitors, a low-frequency jammer signal can be
blocked or reduced from mixing with any ON or OFF paths. This can lead to
improvement in IMD performance, especially for low-frequency blocker signals.

[0073] Figure 10 shows an example operating configuration where
some of the foregoing capacitors can provide desirable switching functionalities.
In the example, the switching configuration is in a transmit mode. Accordingly,
the transmit switch arm is ON (closed), and the receive switch arm is OFF
(open). The shunt arm for the Tx node is OFF (open).

[0074] In some embodiments, capacitors C1-C4 described in reference
to Figures 9 and 10 can be implemented on the same die as their respective
switch circuits, off of the die, or any combination thereof.

[0075] In some implementations, and as described herein, the
foregoing example configurations described in reference to Figures 9 and 10 can
be relatively simpler and easier to implement, and can yield a number of
improvements.  For example, this technique can provide improved IMD
performance by preventing a low-frequency blocker signal from mixing with a
fundamental frequency signal.
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Examples of Implementations in Products:

[0076] Various examples of FET-based switch circuits and
bias/coupling configurations described herein can be implemented in a number of
different ways and at different product levels. Some of such product
implementations are described by way of examples.

Semiconductor Die Implementation

[0077] Figures 11A-11D schematically show non-limiting examples of
such implementations on one or more semiconductor die. Figure 11A shows that
in some embodiments, a switch circuit 120 and a bias/coupling circuit 150 having
one or more features as described herein can be implemented on a die 800.
Figure 11B shows that in some embodiments, at least some of the bias/coupling
circuit 150 can be implemented outside of the die 800 of Figure 11A.

[0078] Figure 11C shows that in some embodiments, a switch circuit
120 having one or more features as described herein can be implemented on a
first die 800a, and a bias/coupling circuit 150 having one or more features as
described herein can be implemented on a second die 800b. Figure 11D shows
that in some embodiments, at least some of the bias/coupling circuit 150 can be
implemented outside of the first die 800a of Figure 11C.

Packaged Module Implementation

[0079] In some embodiments, one or more die having one or more
features described herein can be implemented in a packaged module. An
example of such a module is shown in Figures 12A (plan view) and 12B (side
view). Although described in the context of both of the switch circuit and the
bias/coupling circuit being on the same die (e.g., example configuration of Figure
11A), it will be understood that packaged modules can be based on other
configurations.

[0080] A module 810 is shown to include a packaging substrate 812.
Such a packaging substrate can be configured to receive a plurality of

components, and can include, for example, a laminate substrate. The
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components mounted on the packaging substrate 812 can include one or more
dies. In the example shown, a die 800 having a switching circuit 120 and a
bias/coupling circuit 150 is shown to be mounted on the packaging substrate
812. The die 800 can be electrically connected to other parts of the module (and
with each other where more than one die is utilized) through connections such as
connection-wirebonds 816. Such connection-wirebonds can be formed between
contact pads 818 formed on the die 800 and contact pads 814 formed on the
packaging substrate 812. In some embodiments, one or more surface mounted
devices (SMDs) 822 can be mounted on the packaging substrate 812 to facilitate
various functionalities of the module 810.

[0081] In some embodiments, the packaging substrate 812 can include
electrical connection paths for interconnecting the various components with each
other and/or with contact pads for external connections. For example, a
connection path 832 is depicted as interconnecting the example SMD 822 and
the die 800. In another example, a connection path 832 is depicted as
interconnecting the SMD 822 with an external-connection contact pad 834. In
yet another example a connection path 832 is depicted as interconnecting the die
800 with ground-connection contact pads 836.

[0082] In some embodiments, a space above the packaging substrate
812 and the various components mounted thereon can be filled with an overmold
structure 830. Such an overmold structure can provide a number of desirable
functionalities, including protection for the components and wirebonds from
external elements, and easier handling of the packaged module 810.

[0083] Figure 13 shows a schematic diagram of an example switching
configuration that can be implemented in the module 810 described in reference
to Figures 12A and 12B. In the example, the switch circuit 120 is depicted as
being an SPIOT switch, with the pole being connectable to an antenna and the
throws being connectable to various Rx and Tx paths. Such a configuration can
facilitate, for example, multi-mode multi-band operations in wireless devices.

[0084] The module 810 can further include an interface for receiving

power (e.g., supply voltage VDD) and control signals to facilitate operation of the
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switch circuit 120 and/or the bias/coupling circuit 150. In some implementations,
supply voltage and control signals can be applied to the switch circuit 120 via the
bias/coupling circuit 150.

Wireless Device Implementation

[0085] In some implementations, a device and/or a circuit having one
or more features described herein can be included in an RF device such as a
wireless device. Such a device and/or a circuit can be implemented directly in
the wireless device, in a modular form as described herein, or in some
combination thereof. In some embodiments, such a wireless device can include,
for example, a cellular phone, a smart-phone, a hand-held wireless device with or
without phone functionality, a wireless tablet, etc.

[0086] Figure 14 schematically depicts an example wireless device 900
having one or more advantageous features described herein. In the context of
various switches and various biasing/coupling configurations as described
herein, a switch 120 and a bias/coupling circuit 150 can be part of a module 810.
In some embodiments, such a switch module can facilitate, for example, multi-
band multip-mode operation of the wireless device 900.

[0087] In the example wireless device 900, a power amplifier (PA)
module 916 having a plurality of PAs can provide an amplified RF signal to the
switch 120 (via a duplexer 920), and the switch 120 can route the amplified RF
signal to an antenna. The PA module 916 can receive an unamplified RF signal
from a transceiver 914 that can be configured and operated in known manners.
The transceiver can also be configured to process received signals. The
transceiver 914 is shown to interact with a baseband sub-system 910 that is
configured to provide conversion between data and/or voice signals suitable for a
user and RF signals suitable for the transceiver 914. The transceiver 914 is also
shown to be connected to a power management component 906 that is
configured to manage power for the operation of the wireless device 900. Such a
power management component can also control operations of the baseband sub-
system 910 and the module 810.
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[0088] The baseband sub-system 910 is shown to be connected to a
user interface 902 to facilitate various input and output of voice and/or data
provided to and received from the user. The baseband sub-system 910 can also
be connected to a memory 904 that is configured to store data and/or instructions
to facilitate the operation of the wireless device, and/or to provide storage of
information for the user.

[0089] In some embodiments, the duplexer 920 can allow transmit and
receive operations to be performed simultaneously using a common antenna
(e.g., 924). In Figure 14, received signals are shown to be routed to "Rx" paths
(not shown) that can include, for example, a low-noise amplifier (LNA).

[0090] A number of other wireless device configurations can utilize one
or more features described herein. For example, a wireless device does not
need to be a multi-band device. In another example, a wireless device can
include additional antennas such as diversity antenna, and additional connectivity
features such as Wi-Fi, Bluetooth, and GPS.

General Comments:

[0091] Unless the context clearly requires otherwise, throughout the

"W

description and the claims, the words “comprise,” “comprising,” and the like are
to be construed in an inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not limited to.” The word
“coupled”, as generally used herein, refers to two or more elements that may be

either directly connected, or connected by way of one or more intermediate

[IT] [IT]

elements. Additionally, the words “herein,” “above,” “below,” and words of similar
import, when used in this application, shall refer to this application as a whole
and not to any particular portions of this application. Where the context permits,
words in the above Detailed Description using the singular or plural number may
also include the plural or singular number respectively. The word “or” in
reference to a list of two or more items, that word covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list,

and any combination of the items in the list.
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[0092] The above detailed description of embodiments of the invention
is not intended to be exhaustive or to limit the invention to the precise form
disclosed above. While specific embodiments of, and examples for, the invention
are described above for illustrative purposes, various equivalent modifications
are possible within the scope of the invention, as those skilled in the relevant art
will recognize. For example, while processes or blocks are presented in a given
order, alternative embodiments may perform routines having steps, or employ
systems having blocks, in a different order, and some processes or blocks may
be deleted, moved, added, subdivided, combined, and/or modified. Each of
these processes or blocks may be implemented in a variety of different ways.
Also, while processes or blocks are at times shown as being performed in series,
these processes or blocks may instead be performed in parallel, or may be
performed at different times.

[0093] The teachings of the invention provided herein can be applied to
other systems, not necessarily the system described above. The elements and
acts of the various embodiments described above can be combined to provide
further embodiments.

[0094] While certain embodiments of the inventions have been
described, these embodiments have been presented by way of example only,
and are not intended to limit the scope of the disclosure. Indeed, the novel
methods and systems described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and changes in the form of
the methods and systems described herein may be made without departing from
the spirit of the disclosure. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and
spirit of the disclosure.
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WHAT IS CLAIMED |[S:

1. A semiconductor die comprising:

a semiconductor substrate;

a switch formed on the semiconductor substrate and including a
stack of field-effect transistors (FETs) connected in series; and

a capacitor formed on the semiconductor substrate and connected
in series with the switch, the capacitor configured to inhibit a low-
frequency blocker signal from mixing with a fundamental-frequency signal

in the switch.

2. The semiconductor die of claim 1 further comprising an insulator
layer disposed between the stack of FETs and the semiconductor substrate.

3. The semiconductor die of claim 2 wherein the die is a silicon-on-
insulator (SOI) die.

4, The semiconductor die of claim 1 wherein the stack of FETs

includes silicon-on-insulator (SOI) FETs.

5. The semiconductor die of claim 1 wherein the capacitor is

connected to an antenna node.

6. The semiconductor die of claim 5 wherein the capacitor is disposed

between the switch and the antenna node.

7. The semiconductor die of claim 5 wherein the switch is part of a
receive path, the switch being connected to an output node for an RF signal

received from the antenna.

8. The semiconductor die of claim 1 wherein the switch is part of a
transmit path, the switch being connected to an input node for an amplified RF
signal.
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9. A method for operating a radio-frequency (RF) device, the method
comprising:
controling an RF switch including a plurality of field-effect
transistors (FETs) connected in series between first and second nodes so
that the FETs are collectively in an ON state or an OFF state; and
inhibiting a low-frequency blocker signal from mixing with a
fundamental-frequency signal in the switch using a capacitor connected in

series with the switch between the switch and the first node.

10.  The method of claim 9 wherein the plurality of FETs is formed on

an insulator layer disposed between the FETs and a semiconductor substrate.

11.  The method of claim 9 wherein the switch is a silicon-on-insulator
(SOI) switch.

12.  The method of claim 9 wherein the first node is an antenna node.

13.  The method of claim 9 wherein the switch is part of a receive path
such that the second node of the switch is an output node for an RF signal

received from the antenna.

14.  The method of claim 9 wherein the switch is part of a transmit path
such that the second node of the switch is an input node for an amplified RF

signal.

15. A wireless device comprising:

a transceiver configured to process RF signals;

an antenna in communication with the transceiver; and

a switch module interconnected to the antenna and the transceiver
and configured to selectively route RF signals to and from the antenna,
the switch module including a switch including a stack of field-effect
transistors (FETS) connected in series, the switch module further including

a capacitor connected in series with the switch, the capacitor configured to
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inhibit a low-frequency blocker signal from mixing with a fundamental-

frequency signal in the switch.

16. The wireless device of claim 15 wherein the switch is formed on a

silicon-on-insulator (SOI) die of the wireless device.

17.  The wireless device of claim 15 wherein the capacitor is part of the

same semiconductor die as the stack of FETs.

18.  The wireless device of claim 15 wherein the capacitor is disposed
between the switch and the antenna.

19.  The wireless device of claim 15 wherein the switch is part of a
receive path, the switch being connected to an output node for an RF signal
received from the antenna.

20. The wireless device of claim 15 wherein the switch is part of a
transmit path, the switch being connected to an input node for an amplified RF
signal.
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ABSTRACT
Radio-frequency (RF) devices are disclosed providing reduced
intermodulation distortion. Disclosed RF and semiconductor devices can include
a semiconductor substrate, a switch formed on the semiconductor substrate
having a stack of field-effect transistors (FETs) connected in series, and a
capacitor formed on the semiconductor substrate and connected in series with
the switch, the capacitor configured to inhibit a low-frequency blocker signal from

mixing with a fundamental-frequency signal in the switch.
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