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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 establist1ed wt1en correspondence related to 

maintenance fees should be mailed to a different address than the correspondence address for the application. 
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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 
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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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Filed as Large Entity 
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Claims: 
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International Application Number: 
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Payment Type CARD 
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Document Document Description File Name File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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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 
(571)-273-2885 

INSTRUCTIONS :  This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks l through 5 should be completed where 
appropnate. _t'\Jl furt..11er correspondence jncJuding the Patent, advance orders and notificatjon of maintenance fees \vjJl be n1a:ded to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1 ,  by (a) specifying a new correspondence address: and/or (b) indicating a separate "FEE ADDRESS" for 
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Cl)RRENT CORRESPONDENCE ADDRESS (Note: lhe Block 1 foe any chJ11ge of Jddress) 

Note: l\ certificate of mailing can only be used for domestic rnailings of the 
Fee( s) TransmittaL This certificate cannot be used for any other accompanying 
papers . Each additional PflPff; _such as an assi1;nment or formal drawing, must 
have 1ts own cert1f1cate ot maJung or t.ransn11ss1on. 
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Certificate of Mailing or Transmission 
I hereby certify tJ1at this Pee(s) Transrnittal is being deposited wjth the United 
Stale'; Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSTJE FEE address above. or being facsimile 
transmitted to the USPTO (571)  273-2885, on the date indicated below. 

FlR.ST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Ping Li SKYWRKS.2.80C3 1052 

TITLE OF INVENTION : APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS 

A.PPLN, T\Tf'E ENTITY STATTJS lSSTJE FEE DTJE 

non provisional f_TNDISCOlJNTED $960 

EXAMINER ART TJNJT 

NGUYEN. HIEU P 2842 

Change of correspondence address or indication of "Fee Addressn (37 
CFR LJ63). 

0 Change of _c?rrespondence address ( or Change of Correspondence 
Address torn; PTO/SB/12.2.) attached. 

II "Fee Addres,;'" indication (or "Fee Address"' Indication form 
PTOiSB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FPE TOTAL FEE(S) D1JE DATE DLIE 

$0 $0 

CI,ASS-SlIBCLASS 

455-550100 

2. For printing on the patent front page, list 
( j )  The names of up to 3 regjstered patent attorneys 
or agents OR, alternatively, 
(2) The rnune of a sjngle flnn (havjng as a rnernber a 
registered attorney or agenti and the names of up to 
2 registered patent attorneys or agents. If no narne is 
listed, no name will be printed. 

$960 02i0l/2018 

KNOBBE MARTENS 
2 OLSON & BEAR LLP 

] _______________ _ 

3. ASSIGNEE NA1"\fE ,"u,D RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 
PLE_ASE NOTE: lJnless an assignee is identified beknv, no assignee data will appear on the patent. lf an assignee is identjfied below, the docnrrK:nt has been filed for 
recordation as set forth in 37 CFR 3. 1 1 .  Completion of this form is NOT a substitute for filing an assignment 
(A) NA.cv1E OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

SKYWORKS SOLUTIONS, INC. WOBURN, MA 

Please check the appropriate assignee catego1y or categories (wi1J not be printed on the patent) : [) Indjvidual llcorporation or other private group entity O G-overrn:nent 

4a. The fol1owjng fee(s) are subrnitted: II Issue Fee 
[] Publication Fee (No small entity discount perrnitted) 
[) A_dvance Order - # of Copies __________ _ 

5 .  Chang<: in Entity Status (from status indicated above) 
D Applicant certifying micro entity status. See 37 CFR L29 

D Applicant assertrng small entity status. See Tl CFR l . 27 

[) A_p_plicant changing to regular undiscounted fee status. 

4b. Payment ofFee(s): (Pleas<: l.i:rst reapply any pi·evi<msly paid isrne fre shown above) 
D A check is enclosed. 
D Payment by credit carcL Form PTO-2038 is attached. 

IIThe director is hereby authorized to charge the required fee(s), any deficiency. or credits any 
overpayment. to Deposit Account Number __ ll_cl,j_]_(i___ _______ ( enclose an extra copy of this form). 

NOTE: Absent a valid certification of Micro Entity S tatus (see forms PTO/SB/15A and 15B), issue 
fee payrnent in the rr1icro entity arnount will not be accepted at the risk of appHcatjon abandonment. 
;'.'.:!!)JJ;;_: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to rnicro entity status. 
_NOTE: Checking this box wiH be taken to be a notification of loss of entit1ernent to srnaH or rnicro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR L3l  and l 33. See 37 CFR L4 for signature requirements and certifications. 

/David Trossen/ 
Authorized Signature ________________________ _ 

Typed or printed name _D_a_\_7_id_·_,_r_r_o_s_s_·e_'l_l _____________ _ 
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SKYWRKS .280C3 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Inventors 

App. No. 

Filed 

For 

Examiner 

Art Unit 

Conf. No. 

Ping Li et al. 

15/377,842 

December 13 , 2016 

APPARATUS AND METHODS FOR 
BIASING OF POWER AMPLIFIERS 

Nguyen, Hieu P. 

2842 

1052 

PATENT 

COMMENTS ON EXAMINER'S STATEMENT OF REASONS FOR ALLOWANCE 

Mail Stop Issue Fee 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

Applicant appreciates the finding of the pending claims to be allowable. In the Notice of 

Allowance dated November 1, 2017, the Examiner indicates on pages 2-3 of the Notice of 

Allowability various features of the claims that are not disclosed by the art of record. 

Applicant assumes that, pursuant to M.P.E.P. § 1302.14, the Examiner has stated some, 

but not all of the reasons for allowance of the claims. As a result, the statements noted above do 

not necessarily relate to or completely set out all the reasons for allowance of each and every 

claim. Furthermore, the patentability of the dependent claims does not solely depend upon the 

patentability of their respective base claims. Rather, each dependent claim recites further 

distinguishing features of particular utility. 
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Application No.: 
Filing Date: 

15/377,842 
December 13, 2016 

To the extent that the Examiner' s  paraphrasing of the subject matter of the claims 

deviates from the actual language of the claims, Applicant respectfully notes that patentability of 

each claim is derived from the claim as a whole and the reasons for allowance are not limited to 

the features explicitly discussed by the Examiner. 

Dated: January 31, 2018 

27328627 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

By: /David Trossen/ 
David Trossen 
Registration No. 59,406 
Registered Practitioner 
Customer No. 20995 
(415) 954-4114 
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UNITED STA IBS p A IBNT 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 

20995 7590 11/01/2017 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

APPLICATION NO. FILING DATE 

15/377,842 12/13/2016 

FIRST NAMED INVENTOR 

Ping Li 

TITLE OF INVENTION: APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS 

EXAMINER 

NGUYEN, HIEU P 

ART UNIT PAPER NUMBER 

2842 

DATE MAILED: 11/01/2017 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

SKYWRKS.280C3 1052 

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 02/01/2018 

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 
If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 
If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 
For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

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

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is 
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 
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PART B - FEE(S) TRANSMITTAL 

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

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

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

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

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 
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KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

APPLICATION NO. FILING DATE 

15/377,842 12/13/2016 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
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Notice of Allowability 

Application No. 
1 5/377,842 
Examiner 
H I EU NGUYEN 

Applicant(s) 
LI  ET AL. 
Art Unit 
2842 

AIA (First Inventor to File) 
Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MER ITS IS  (OR REMAINS) CLOSED in  this application. If not included 
herewith (or previously mai led), a Notice of Allowance (PTOL-85) or other appropriate commun ication will be mai led in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the i n itiative 
of the Office or upon petition by the applicant. See 37 CFR 1 .3 1 3  and MPEP 1 308. 

1 .  1:8] This commun ication is responsive to 1 0/13/20 1 7. 

D A  declaration (s)/affidavit(s) under 37 CFR 1 .1 30(b) was/were filed on ___ . 

2. D An election was made by the applicant in response to a restriction requirement set forth during the i nterview on __ ; the restriction 
requirement and election have been incorporated i nto this action .  

3.  1:8] The al lowed claim(s) is/are 1-5,7,9- 1 1, 14- 16 and 18-25. As a result o f  the  al lowed claim(s), you may be el igible to benefit from the 
Patent Prosecution Highway program at a participating intel lectual property office for the corresponding appl ication .  For more 
information, please see http://www.uspto.gov/patents/in it events/pph/index. isp or send an inquiry to PPHfeedback@uspto.gov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C.  § 1 1 9(a)-(d) or (f). 

Certified copies : 

a) D All b) D Some *c) D None of the: 

1 .  D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Appl ication No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage appl ication from the 

I nternational Bureau (PCT Rule 1 7.2(a)). 

* Certified copies not received: __ . 

Appl icant has THREE MONTHS FROM THE "MAILING DATE" of this commun ication to file a reply complying with the requ i rements 
noted below. Fai lure to timely comply wi l l  result in ABAN DONMENT of th is application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.  D CORRECTED DRAWI NGS ( as "replacement sheets") must be submitted. 

D including changes requ i red by the attached Examiner's Amendment / Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1 .84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1 .121{d). 

6. □ DEPOSIT OF and/or I N FORMATION about the deposit of B IOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regard ing REQUIREM ENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1 .  D Notice of References Cited (PTO-892) 

2. D I nformation Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requ irement for Deposit 
of Biological Material 

4.  D I nterview Summary (PTO-4 1 3) ,  
Paper No./Mail Date __ . 

/H IEU  NGUYEN/ 
Primary Examiner ,  Art U n it 2842 

U.S. Patent and Trademark Office 
PTOL-37 (Rev. 08-1 3) 
201 71 026 

5. D Examiner's Amendment/Comment 

6. 1:8] Examiner's Statement of Reasons for Allowance 

7. D Other __ . 
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The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Terminal Disclaimer 

The terminal disclaimer filed on 10/13/2017 has been reviewed and is accepted. 

Allowable Subject Matter 

Claims 1-5, 7, 9-11, 14-16, and 18-25 are allowed. 

The following is an examiner's statement of reasons for allowance: 

Claims 1-5, 7, 9 and 10 are allowed over the prior art of record. The prior art of record 

considered individually or in combination, fails to fairly teach or suggest the claimed circuit 

comprising, among other limitations and unobvious limitations of " . . .  and_ to _rnirror_ the_ control 

current to generate a correction current . . .  " structurally and functionally interconnected with 

other limitations in the manner as cited in the claim. 

Claims 11 and 22-25 are allowed over the prior art of record. The prior art of record 

considered individually or in combination, fails to fairly teach or suggest the claimed method 

comprising, among other limitations and unobvious limitations of " . . .  rnirrorirnr the control 

current to generate a correction current using the gain correction circuit . . .  " structurally and 

functionally interconnected with other limitations in the manner as cited in the claim. 

Claims 14-16 and 18-21 are allowed over the prior art of record. The prior art of record 

considered individually or in combination, fails to fairly teach or suggest the claimed circuit 

comprising, among other limitations and unobvious limitations of " . . .  and to mirror the control 

EX-1002 0017 
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.



Appl ication/Control Number: 1 5/377,842 

Art Unit : 2842 

Page 3 

current to generate a correction current .  . .  " structurally and functionally interconnected with 

other limitations in the manner as cited in the claim. 

Conclusion 

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." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Hieu P. Nguyen whose telephone number is 571-272-8577. The 

examiner can normally be reached on M-F: 8 A.M - 5P.M. 

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

supervisor, Robert Pascal can be reached on 571-272-1769. 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). 

/Hieu Nguyen/ 
Primary Examiner 
Group Art Unit: 2842 
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Ping Li et al . 
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For APPARATUS AND METHODS FOR 

BIASING OF POWER AMPLIFIERS 

Examiner 
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Conf. No. 

Nguyen, Hieu P. 

2842 

1052 

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION 

Mail Stop AF 

Commissioner for Patents 

P .O.  Box 1450 

Alexandria, VA 223 1 3- 1450 

Dear Commissioner: 

In response to the Final Office Action dated July 17 ,  2017,  please consider the following 

items : 

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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Inventors 

App. No. 

Filed 

For 

Examiner 

Art Unit 

Conf. No. 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Ping Li et al. 

15/377,842 

December 13 , 2016 

APPARATUS AND METHODS FOR 
BIASING OF POWER AMPLIFIERS 

Nguyen, Hieu P. 

2842 

1052 

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION 

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

Dear Commissioner: 

PATENT 

In response to the Final Office Action dated July 17, 2017, please consider the following 

items: 

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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Application No.: 
Filing Date: 
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December 13, 2016 

AMENDMENTS TO THE CLAIMS 

Please amend claim 18 and 19. 

1. (Previously Presented) A mobile device comprising: 

a transceiver configured to generate a radio frequency signal and a power 

amplifier enable signal; 

a power amplifier configured to provide amplification to the radio frequency 

signal, the power amplifier configured to receive a bias signal that biases the power 

amplifier; and 

a bias circuit configured to receive the power amplifier enable signal and to 

generate the bias signal, the bias circuit including a gain correction circuit configured to 

generate a control current in response to activation of the power amplifier enable signal 

and to mirror the control current to generate a correction current, and a primary biasing 

circuit configured to generate the bias signal based on the correction current and the 

power amplifier enable signal. 

2. (Original) The mobile device of claim 1 wherein the primary bias circuit includes 

a first transistor, the correction current configured to change a current flowing through the first 

transistor. 

3 .  (Original) The mobile device of claim 2 wherein the primary bias circuit further 

includes a resistor, the first transistor configured to receive the power amplifier enable signal via 

the resistor. 

4. (Original) The mobile device of claim 2 wherein the primary bias circuit further 

includes a second transistor electrically coupled to the first transistor and configured to provide 

the bias signal to the power amplifier. 

5 .  (Original) The mobile device of claim 1 wherein the power amplifier includes an 

output configured to provide a wireless local area network signal, the power amplifier enable 

signal operable to pulse the output of the power amplifier. 

-2-
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6. (Canceled) 

7. (Previously Presented) The mobile device of claim 1 wherein the gain correction 

circuit includes a current mirror configured to generate the correction current by mirroring the 

control current, the current mirror configured to receive the power amplifier enable signal. 

8 .  (Canceled) 

9. (Previously Presented) The mobile device of claim 1 wherein the gain correction 

circuit includes a time-dependent signal generator that receives the power amplifier enable signal 

at an input and generates the control current at an output, the time-dependent signal generator 

including a capacitor and a first resistor electrically connected in a first electrical path from the 

input to the output. 

10. (Original) The mobile device of claim 9 wherein the time-dependent signal 

generator further includes a second resistor electrically connected in a second electrical path from 

the input to the output. 

11. (Previously Presented) A method of power amplifier biasing, the method 

compnsmg: 

generating a radio frequency signal and a power amplifier enable signal using a 

transceiver; 

providing amplification to the radio frequency signal using a power amplifier; 

generating a control current in response to activation of the power amplifier 

enable signal using a gain correction circuit; 

mirroring the control current to generate a correction current usmg the gam 

correction circuit; 

generating a bias signal based on the correction current and the power amplifier 

enable signal using a primary biasing circuit; and 

biasing the power amplifier using the bias signal. 

-3-
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12. (Canceled) 

13 . (Canceled) 

14. (Previously Presented) A packaged module comprising: 

a package substrate; and 

an integrated circuit attached to the package substrate and including a power 

amplifier configured to provide amplification to a radio frequency signal and a bias 

circuit configured to receive a power amplifier enable signal and to generate a bias signal 

that biases the power amplifier, the bias circuit including a gain correction circuit 

configured to generate a control current in response to activation of the power amplifier 

enable signal and to mirror the control current to generate a correction current, and a 

primary biasing circuit configured to generate the bias signal based on the correction 

current and the power amplifier enable signal. 

15 . (Original) The packaged module of claim 14 wherein the primary bias circuit 

includes a first transistor, the correction current configured to change a current flowing through 

the first transistor. 

16. (Original) The packaged module of claim 15 wherein the primary bias circuit 

further includes a resistor, the first transistor configured to receive the power amplifier enable 

signal via the resistor. 

17. (Canceled) 

18. (Currently Amended) The packaged module of claim 14 [[17] ] wherein the gain 

correction circuit includes a current mirror configured to generate the correction current by 

mirroring the control current, the current mirror configured to receive the power amplifier enable 

signal. 

-4-
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19. (Currently Amended) The packaged module of claim 14 [[17] ] wherein the gain 

correction circuit includes a time-dependent signal generator that receives the power amplifier 

enable signal at an input and generates the control current at an output, the time-dependent signal 

generator including a capacitor and a first resistor electrically connected in a first electrical path 

from the input to the output. 

20. (Original) The packaged module of claim 19 wherein the time-dependent signal 

generator further includes a second resistor electrically connected in a second electrical path from 

the input to the output. 

21. (Previously Presented) The packaged module of claim 15 wherein the primary 

bias circuit further includes a second transistor electrically coupled to the first transistor and 

configured to provide the bias signal to the power amplifier. 

22. (Previously Presented) The method of claim 11 wherein generating the bias signal 

includes changing a current flowing through a first bipolar transistor of the primary biasing 

circuit based on the correction current, and providing the power amplifier enable signal to a 

collector and a base of the first bipolar transistor via a first resistor of the primary biasing circuit. 

23 . (Previously Presented) The method of claim 22 wherein generating the bias signal 

further includes providing the power amplifier enable signal to an emitter of the first bipolar 

transistor via a second resistor of the primary biasing circuit. 

24. (Previously Presented) The method of claim 22 wherein generating the bias signal 

further includes generate a bias current using an emitter of a second bipolar transistor of the 

primary biasing circuit, the second bipolar transistor including a base coupled to the base of the 

first bipolar transistor. 

25 . (Previously Presented) The method of claim 11 wherein mirroring the control 

current includes receiving the control current at an input of a current mirror and providing the 

-5-
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correction current at an output of the current mirror, the method further including controlling the 

current mirror using the power amplifier enable signal. 
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REMARKS 

This paper is filed in response to the non-final Office Action dated July 17, 2017. The 

Office Action rejected claims 1-5, 7, 9-11, 14-16, and 18-25 on the ground of nonstatutory 

obviousness-type double patenting. Applicant respectfully requests reconsideration of the 

application in view of the above-identified amendments and the following remarks. 

Double Patenting 

The Office Action indicates that 1-5, 7, 9-11, 14-16, and 18-25 are rejected on the ground 

of nonstatutory obviousness type double patenting over claims 1-20 of U.S. Patent No. 

9,136,803 . 

Applicants have submitted an eTerminal disclaimer via EFS-web. As such, Applicants 

respectfully request withdrawal of the rejection. 

While Applicants have submitted a terminal disclaimer to expedite issuance of the 

present application, Applicants do not agree or acquiesce that the claims of U.S. Patent No. 

9,136,803 are obvious in view of the claims of the present application or that the claims of the 

present application are obvious in view of U.S. Patent No. 9,136,803 . 

No Disclaimers or Disavowals 

Although the present communication may include alterations to the application or claims, 

or characterizations of claim scope or referenced art, Applicant is not 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. 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 Applicant has made any disclaimers or disavowals of any subject matter 

supported by the present application. 
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The present application is being examined under the pre-AIA first to invent provisions. 

DETAILED ACTION 

Claim Objections 

Claims 18-20 are objected to because of the following informalities: Claim 18 is 

dependent upon a cancelled claim 17. 

Appropriate correction is required. 

Double Patenting 

Claims 1-5, 7, 9 -11, 14-16, and 18-25 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-20 of U.S. Patent No. 

9,136,803 . Although the conflicting claims are not identical, they are not patentably distinct from 

each other because all of the limitations of the present claims are present in the patented claims. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to HIEU NGUYEN whose telephone number is 571-272-8577. The 

examiner can normally be reached on M-F: 8 A.M - 5P.M. 

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

supervisor, Robert Pascal can be reached on 571-272-1769. The fax phone number for the 

organization where this application or proceeding is assigned is 703-872-9306. 
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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). 

/Hieu Nguyen/ 
Primary Examiner 
Group Art Unit: 2842 
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Dear Sir: 

PATENT 

In response to the Office Action dated February 27, 2017, please consider the following 

items: 

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 

Please amend claims 1, 7, 9, 11, 14, 18, and 19. Please cancel claims 6, 8, 12, 13 , and 17. 

Please add claims 21-25 . 

1. (Currently Amended) A mobile device comprising: 

a transceiver configured to generate a radio frequency signal and a power 

amplifier enable signal; 

a power amplifier configured to provide amplification to the radio frequency 

signal, the power amplifier configured to receive a bias signal that biases the power 

amplifier; and 

a bias circuit configured to receive the power amplifier enable signal and to 

generate the bias signal, the bias circuit including a gain correction circuit configured to 

generate a control current correction current in response to activation of the power 

amplifier enable signal and to mirror the control current to generate a correction current, 

and a primary biasing circuit configured to generate the bias signal based on the 

correction current and the power amplifier enable signal. 

2. (Original) The mobile device of claim 1 wherein the primary bias circuit includes 

a first transistor, the correction current configured to change a current flowing through the first 

transistor. 

3 .  (Original) The mobile device of claim 2 wherein the primary bias circuit further 

includes a resistor, the first transistor configured to receive the power amplifier enable signal via 

the resistor. 

4. (Original) The mobile device of claim 2 wherein the primary bias circuit further 

includes a second transistor electrically coupled to the first transistor and configured to provide 

the bias signal to the power amplifier. 
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5. (Original) The mobile device of claim 1 wherein the power amplifier includes an 

output configured to provide a wireless local area network signal, the power amplifier enable 

signal operable to pulse the output of the power amplifier. 

6 .  (Canceled) 

7. (Currently Amended) The mobile device of claim [[6]] Lwherein the gam 

correction circuit current amplifier includes a current mirror configured to generate the correction 

current by mirroring the control current, the current mirror configured to receive the power 

amplifier enable signal. 

8 .  (Canceled) 

9. (Currently Amended) The mobile device of claim [[6]] Lwherein the gam 

correction circuit includes a time-dependent signal generator that receives the power amplifier 

enable signal at an input and generates the control current at an output, the time-dependent signal 

generator including a capacitor and a first resistor electrically connected in a first electrical path 

from the input to the output. 

10. (Original) The mobile device of claim 9 wherein the time-dependent signal 

generator further includes a second resistor electrically connected in a second electrical path from 

the input to the output. 

11. (Currently Amended) A method of power amplifier biasing, the method 

compnsmg: 

generating a radio frequency signal and a power amplifier enable signal using a 

transceiver; 

providing amplification to the radio frequency signal using a power amplifier; 

generating a control correction current in response to activation of the power 

amplifier enable signal using a gain correction circuit; 
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m1rronng the control current to generate a correction current usmg the gam 

correction circuit; 

generating a bias signal based on the correction current and the power amplifier 

enable signal using a primary biasing circuit; and 

biasing the power amplifier using the bias signal. 

12. (Canceled) 

13 . (Canceled) 

14. (Currently Amended) A packaged module comprising: 

a package substrate; and 

an integrated circuit attached to the package substrate and including a power 

amplifier configured to provide amplification to a radio frequency signal and a bias 

circuit configured to receive a power amplifier enable signal and to generate a bias signal 

that biases the power amplifier, the bias circuit including a gain correction circuit 

configured to generate a control current correction current in response to activation of the 

power amplifier enable signal and to mirror the control current to generate a correction 

current, and a primary biasing circuit configured to generate the bias signal based on the 

correction current and the power amplifier enable signal. 

15 . (Original) The packaged module of claim 14 wherein the primary bias circuit 

includes a first transistor, the correction current configured to change a current flowing through 

the first transistor. 

16. (Original) The packaged module of claim 15 wherein the primary bias circuit 

further includes a resistor, the first transistor configured to receive the power amplifier enable 

signal via the resistor. 

17. (Canceled) 
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18. (Currently Amended) The packaged module of claim 17 wherein the gam 

correction circuit current amplifier includes a current mirror configured to generate the correction 

current by mirroring the control current, the current mirror configured to receive the power 

amplifier enable signal. 

19. (Currently Amended) The packaged module of claim 17 wherein the gam 

correction circuit includes a time-dependent signal generator that receives the power amplifier 

enable signal at an input and generates the control correction current at an output, the time­

dependent signal generator including a capacitor and a first resistor electrically connected in a 

first electrical path from the input to the output. 

20. (Original) The packaged module of claim 19 wherein the time-dependent signal 

generator further includes a second resistor electrically connected in a second electrical path from 

the input to the output. 

21. (New) The packaged module of claim 15 wherein the primary bias circuit further 

includes a second transistor electrically coupled to the first transistor and configured to provide 

the bias signal to the power amplifier. 

22. (New) The method of claim 11 wherein generating the bias signal includes 

changing a current flowing through a first bipolar transistor of the primary biasing circuit based 

on the correction current, and providing the power amplifier enable signal to a collector and a 

base of the first bipolar transistor via a first resistor of the primary biasing circuit. 

23 . (New) The method of claim 22 wherein generating the bias signal further includes 

providing the power amplifier enable signal to an emitter of the first bipolar transistor via a 

second resistor of the primary biasing circuit. 

24. (New) The method of claim 22 wherein generating the bias signal further includes 

generate a bias current using an emitter of a second bipolar transistor of the primary biasing 
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circuit, the second bipolar transistor including a base coupled to the base of the first bipolar 

transistor. 

25 . (New) The method of claim 11 wherein mirroring the control current includes 

receiving the control current at an input of a current mirror and providing the correction current 

at an output of the current mirror, the method further including controlling the current mirror 

using the power amplifier enable signal. 
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REMARKS 

This paper is filed in response to the non-final Office Action dated February 27, 2017. 

The Office Action rejected claims 1-6, 8-12, 14-17, 19, and 20 under pre-AIA 35 U.S.C. §103(a) 

and rejected claims 1-20 on the grounds of nonstatutory double patenting. 

As set forth above, claims 1, 7, 9, 11, 14, 18, and 19 have been amended. Additionally, 

claims 6, 8, 12, 13 , and 17 have been canceled and claims 21-25 have been added. Support for 

the amendments can be found throughout the application as filed, including, for example, in 

figures 4 and 5 and in paragraphs [0065]-[0083] of the specification. No new matter is being 

added. Applicant respectfully requests entry of the amendments and reconsideration of the 

application in view of the following remarks. 

Discussion of Rejections under pre-AIA 35 U.S.C § 103(a) 

The Office Action rejected claims 1-6, 8-12, 14-17, 19 and 20 under pre-AIA 35 U.S.C. § 

103(a) as being unpatentable over Wakita et al. (US 8,692,619). 

Claim 1 

The cited art does not disclose or suggest the combination of features recited in amended 

claim 1. For example, amended claim 1 recites "a bias circuit configured to receive the power 

amplifier enable signal and to generate the bias signal, the bias circuit including a gain correction 

circuit configured to generate a control current in response to activation of the power amplifier 

enable signal and to mirror the control current to generate a correction current, and a primary 

biasing circuit configured to generate the bias signal based on the correction current and the 

power amplifier enable signal." 

In rejecting prior claim 1, the Office Action asserted that elements 111, 112, and/or 203 

shown in Figure 1 of Wakita (reproduced below) can be read as the claimed bias circuit or its 

functional equivalent. (Office Action at 3). 
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However, Wakita does not disclose or suggest "a bias circuit configured to receive the 

power amplifier enable signal and to generate the bias signal, the bias circuit including a gain 

correction circuit configured to generate a control current in response to activation of the power 

amplifier enable signal and to mirror the control current to generate a correction current, and a 

primary biasing circuit configured to generate the bias signal based on the correction current and 

the power amplifier enable signal," as recited in claim 1. 

Moreover, Applicant respectfully asserts that Wakita does not qualify as prior art. For 

example, the Office Action indicates that the "present application is being examined under the 

pre-AIA first to invent provisions." (Office Action at 2) . However, Wakita does not appear to 

quality as prior art under any section of pre-AIA 35 U.S.C § 102. 

For example, U.S. 8,692,619 to Wakita published on April 8, 2014, which is after the 

effective filing date of the present application. Thus, Wakita is not prior art under pre-AIA 35 

U.S.C. § 102(a) or pre-AIA 35 U.S.C. § 102(b). 

Furthermore, Wakita does not appear to qualify as prior art any other section of pre-AIA 

35 U.S.C § 102. 

For example, "The prior art date of a reference under pre-AIA 35 U.S.C. 102(e) may be 

the international filing date if the international filing date was on or after November 29, 2000, the 

international application designated the United States, and the international application was 

published by the World Intellectual Property Organization (WIPO) under the Patent Cooperation 

Treaty (PCT) Article 21(2) in the English language." (MPEP § 706.02(a)(2), emphasis added). 

Although Wakita claims priority to PCT/JP2012/000758, filed February 6, 2012, and to Japanese 

app. no. 2011-029168, filed February 4, 2011, the priority applications do not appear to have 
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been published in English. Thus, U.S. 8,692,619 to Wakita does not appear to qualify as prior art 

to the present application under pre-AIA 35 U.S.C. § 102(e). 

For at least all of the reasons set forth above, Applicant respectfully requests withdrawal 

of the rejection of claim 1. 

Claims 2-5, 7, 9-11, 14-16, and 18-25 

For at least all of the reasons discussed above, claims 2-5, 7, 9-11, 14-16, and 18-25 are 

also allowable. As such, Applicant respectfully requests withdrawal of the rejections and the 

allowance of claims 1-5, 7, 9-11, 14-16, and 18-25 . 

Discussion of Non-Statutory Double Patenting Rejections 

The Office Action rejected claims 1-20 on the ground of nonstatutory double patenting as 

being unpatentable over claims 1-20 of U.S. Patent No. 9,136,803 . 

Applicant will address this non-statutory double patenting rejection at a time when all 

pending claims are determined to be otherwise allowable. Accordingly, Applicant respectfully 

requests that the Examiner hold the non-statutory double patenting rejections in abeyance. 

No Disclaimers or Disavowals 

Although the present communication may include alterations to the application or claims, 

or characterizations of claim scope or referenced art, Applicant is not 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. 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 Applicant has made any disclaimers or disavowals of any subject matter 

supported by the present application. 
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�i��k A *f � - �-A �- � - � � - � � � � A z �  

ii.t¾* i �  t A �  fJL , 
�i�� k A *f � i�- � � - � i �� k A *f � i�• 

A �.tazfaJ ii1¾* i�&.1t � f1L ,  

�iiE��� � � �&.-�kB t ,  iiE t A � � � � �� � i  

�&.•� �� � m��s��tt� 1i ½ � #� � L,  

� � s m r �i�� � � � � m&.•� * B h � � � � i �� 

Att�1i ½ � *i1E t � � m�� h � t � � m � , i�&.• � �� 

�Lt�'.£: �1J 71 � &. 1t � fJL ' 
� � S m r �i�� � � • � m&.-� k B h �� • � i �� 

Att� 1i ½ � *i � � • � mtt� h �r i� � t • � m � � t • 

� m � ,  i�&.• � ����� h � r i � � &.• � � � �&.• � 

fJL 
3 Atl-JJl-{5l;f 1J �;J<. 1 ffriE at -f-!r-*•A �Ji-- ,  Jt-4½1.iE� f ,  �*f¼ 

i iE� k A * f � i �-A � � � i �-A1i ½ £ � � �� k ft  

3GHz .f1J kfk 1 0GHz � :!YJ � o 

4AEl-.tl!:t5l;f 1J�;J<. 1 fifriE� -f-!r-*•A � i� ,  Jt-4½1.£� r ,  iiEJx. 

k A *f ¾�Af¾4��¾ A *f , i�&.- �A-MB �¼M¾• 

F:ilf.x5l;f,&. aaf:l *f o 

sARJJl-:t5l;f1J�;t<. 4 rfr�� -f**•A � � ,  Jt-4½,tE� r ,  iiE� 

M ta 1� J� x5l¾ l� * f ;fP i � M ta lf� f.i! � ta EJ8r:1 * f � 111J h ,6_½. 4.t-* Jfi it 
x5l;f& a8J:;l *f 

6 A�.tll-15l;f 1J � ;J<. 1 rfr � at -f-!r-* •A ��,  Jt 4t 1.iE� f , i i£.ix. 

k A*f¾�-4���ffe A*f , i�&.- � A-f.i!B �¼� •• 

F:i1L.ih i.tffe EJ� *f o 

1AR.t/l-{5l;f 1J�;t<. 6 rfr�at --f--!r-*•A �Ji-- ,  Jt-4½1.iE� r ,  i�� 
;f,&.43:�� ikJil EJ8r:1*f ;ifPLiE�;f,&_J�F.&f..thikffe aar:1 *f �]1j j;J MOS a� * 
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� � � F-ll fJ{J f -}f" aJ.i � f-!l.1A !:i J:.1t. � .&.-it� F-ll aJ.i � fll1.m. kftA t� 1f1J ,  J:. 

iE 1� 91 � � f 11 aJ.i + -Ji" a{] � f-!l.1A l=i J:.. j£. 1�.&. 1t rt fll a-!J � Fll 1.m. k f.i A };� 

111J 0 

9 .-#4�1-f.•A � �$- ,  Jt4t1.iE,ff_ -f , J!-�tif � Jt  iii �  Fll.&.1tii 
k B , �tif ��A rt f-!1.&.*�kBJ!-* � � rt4, � k A �f , � ­

rt f-ll ,  .&.-it� & i�ffiiB:fP .&.1t � F-ll ,  

foJ _t j£. � ffiG rt 1$-� � tl1 JG t!,t � �it a{] 1:i-�x.;f:JL fJ{J J( i!,t fo}f 1¾ �9:. aJ.i RF * 
A1i ½ , 

J:.1t.� k A �f a-!J�M•A � •fl{J �� rt • !:i ��eJ.i �* � �  

;f:EJ i!.-1-i- , 
foJ _t 1t.� k A 1-f.f � �-A-•fl{J •A � -��* � _t1t. � �  

� it,.a-!i tffu- tB 1i ½ ,  
�J:.j£.� k A 14'-f � • � -A •• aJ.J • � � - l=i rt � � & z �  

a -ti-;tf _t j£. t A rt F11 , 
�_tj£.� k A �f � _tj£.* tl:; � ¾_t��* J:.1t.&• � &•mt 

B aJ.i*A, 

�_t1t.&. rt A•mt& � - tl:; � _t��k A �f fl{J J:. j£.*A � 

:f2l Z fa) � 1:i-;tf J:_ �&-it � f 11 , 

�J:.j£.� �� � � �.&.-�kff � , J:.� 91 A � F-ll� � F-ll1A� J:. 

j£._&_-� f-ll� � F-ll1A�S ����1i ½ ��� � � ,  

� � s m -t �J:.j£.tif �� A rt f-!1&-� k B � � � ji � J:_�� 

A�� 1i ½ �*_t£ 91 A rt m�� � � Y1 A rt f-!l� , _t£&•rt m� 

�t.J'.t-$1J � � ,&_ 1t � Fll , 
� � s m -t�J:.j£.tif � � A � f-!1&.� k B � �� � � J:_ £� 

��� 1i ½ � *J:.j£. � A � m�� � �-t J:.1t. � 91 A rt f-!l a-!J � i A  

� m � ,  J:.£.&.• rt m��� � � �-f J:.j£. � .&.* � F-n. � �g__• � 

fll 
1 0 .-#4�1-f.�A �4,  Jt4t,q.£�-t , J!-�� �:it A �  f11&1tii 

kB , ����� � F-ll&-�kBJ!-� � � rt4, � k A 1-f.f , i A  
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� f-ll � JR:it � f-ll ' 

fa] J:.. :i£. � ffic. � �.ttl * tlJ JG f\ � �it #J -f¾ �1:.-llLk � r)f -f¾ �1:. (JJ.i RF * A 

J:..�� k A #.f oJ.i £M¾A � ¾ #J �� � ¾ � �� #J � * � � 

;ffl �.f¾ ,  
faJ J:.. :i£.� k A #.f #J �¾A.¾a'-J *A � ¾.ttl** � J:.. � � �  

�4a1 tffi! ili 1i. ½ ,  

� J:.. ��k A #.f #J - � ¾A � ¾ #i * ili � ¾ � � � � & z �  

�-t¾,1f J:.. �  Yl A �  Fll ' 
�J:..��k A #.f #J J:.. �- tl:; � ¾ � J:.. �� k A #.f oJ.i J:.. �­

A � fllZ fa] i!.-1¾,1f J:.. �,&.-it � f-ll ,  

�J:..i£.��*� � f-il,&.-�kB � ,  J:..:i£. Yl A � f-ll #J � f-lld � J:.. 

�,&.-� f-iloJ.i � f-lld���•��1i ½ � #� � �,  

M � S m ��J:..�� � * � � F-il,&.-� k B :IJ � � � #J J:.. i£.� 

���1i. ½ � �J:..� Yl A � f-lltt� :/J � Yl A � f-ll � , J:..�,&.- � f-il� 

�Jt q� iff1J :/J � ,&. • � fll , 

M � � m ��J:..�� �� � � F-il,&.-� k 3 :IJ �� � #J J:..i£.� 

�ttM 1i ½ � � J:.. � Yl A � f-ll� M :/J �� J:..:i£. � Yl A � f-ll #J � i A 

� f-ll � ,  J:..�,&.- � f-il��tt M :/J �� J:.. � � ,&.- � f-il #J �,&.- � 

fJl 
1 1 .{�JJ& {x.:f 1J � ;K 9 P)f i£. Mi f-f #.�A � �,  Jt-4t 1.£� -t- , J:.. i£. � 

� � -�¼�¾4��¾ A #.f , *ffJ:..�k� � -A f-ll�#J � � ' 

��¾4��¾ A #.f � �¾-��'1f�¾�I �& , LM¾•.ttl* 

i! tlJ:.. i£. k � ifiJ -1¾ �x. .fU #J J:.. i£. RF tff.J A 1i. ½ , � � fll � J:.. :i£.ii k 1:1� #. 

f ;tm �-t¾ o 
1 2A�JJ&{x.:f 1J�✓� 1 1  rJr i£.M1 4f#.�A � � ,  Jt-#1£�-t- ,  �Jt� 

**J:.. i£. � � � 4#J J:.. ��¾���¾ A #.f #J J:..�LM¾ #J J:.. � 

RF 4ffi! A 1i. ½ ,  Jt._.f..j,' �J"6hA kft 3GHz .f.. kfr 1 0GHz a1 JJUJ a1 �'.t, 
4lf: l,,b,.. 1...:.- 'O 'rJ5" RF !ffiiJ A a 1T o 
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1 3  AR-tJ& ;f;x. ;f 1J � ✓t<- 9 rt i!. tr-J 4 �#.�A � � , Jt 4t �.£ ,ff. -t- , J:. i!.ix. 
kA#.f��M•4��-A *f , J:.�»...- � &-M& �¼M•• 

F� xx.A-&. a'1! * f o 

1 4  AR-tJ& Jfx. ;f 'J � .t<. 1 3  rt i!. tr-J 4 � #. � A � �, Jt 4t 1.£ ,ff. -t- , J:. it_ 

�-���¾A#.f , J:.��M¾���¾A *f � aJ:.�M••M 

�¾A#.f�M :h �-�� M �¾A #.f . 

1 5Ail--t%;tx.;f 1J �;t<. 9 r)f i!.a� 4�#.�A �11� ,  Jt:-4t1.JE,,(f. -t- ,  J:.�ix. 

kA#.f �� ¾4�.th�ffi A #.f , J:.i!_»...- �&-M& �¼�¾­

Fii .th t±ffi a'1! #. f o 

1 6  Ail.in. ;tx.;f 1J � * 1 s rJr � a� 4 �#.�A 'f!. � ,  Jt 4-t 1.£,/f. -t- , J:. � 

� t-&.14.i�.th t±ffi a'11 #.f ;;if1:1J:.i!_��,&_j�f.i1L.th�S a'1r *f �.n 1J :h MOS a� 

1 7 ARJJ! {xA 1J � * 1 4  rJr � a� 4 �#.�A 'f!. � ,  Jt 4-t ,1.£,ff. -t- , J:. � 

� � � 'f!. F-11 ir-J + 7i" ir-J 'f!. FJI.1A � J:. i!. � .i... 1t 'f!. F-11 ir-J 'f!. F-111A k ik A 1;t. 111J , 
J:.�� � � 'f!. F-ll ir-J -f- -}j" ir-J 'f!. �m � J:.��.i...· � � ir-J 'f!. F-ll�kftA 

J;t 111J D 

1 sAR-t1&{x.;f 1J �* 9 rJri!_MJ 4�#.�A ��,  Jttt-1.iLfl. -t- ,  :itJ!-* 

* ili 'f!.A.f.i1LB , 4��- s , �•1i ½ �m*��4�1i ½ffiLffi 

� J:. �- ili 'f!. A.f.i1LB•** J:.�� � � � � �.i...-� k & MJ 

-tffit ili 1i. ½ , 

� J:.i!_4��- &•*** ili 'f!. A.F.i1L& Ml* � 1i ½ ,  

� J:.��•1i ½ �m•�•** * � J:. i!.4��• & � 4�� 

�tt� J:.�4�1i ½ ffi Lff � &•** � J:. �4��- & � J:.  

i!.4��·1i ½ , *� A � J:.i!.4�1i ½ ffi£fflffe B�*�J:.i!_� � 

��� F-ll.i...-�k&� J:.�����1i ½ o  

1 9 AR-t% {x. ;f 1J � ;t<. 1 8  rJr � Mi 4 � 1-f. � A 'f!. � , Jt 4-t 1.£ ,ff. -t- , J:. it_ 

* ili 'f!. &-�B �¼- ili M¾•M�¾A#.f . 
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20Ail-.t1& kx.i 1J�* 1 9  rJt i£. aJ.i 4f1-f-�A � �,  Jt-4t �� -r ,  J:: i£.  
* ili M•••u•A*f�Jt.�-���u•A *f o 

2 1  Ail-.t1&kx.i 1J�* 1 8  foJti£.aJ.i 4f*�A � i� ,  Jt-4t�.£� -r ,  J::j£_ 
* ili ��--B �¼• ili �¾•M��a A *f o  

22 AR.ti& :tx. i1J � ✓t<- 2 1  rJt i£. aJ.i 4 �*�A ��,  Jt-4t -1.£� -r , J:: i£. 

* ili  � ,t,&.1�&a_� �ffe a� *f�Jt. MOS a8EJ *f o 
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-ti..�4Yi.t.� 
�£ � � £ � I 7 �I�� ��1i A* ��1i � *£B � � �  

����kB� +*�-A ��, �Jt-�1M ���� · T ��g· 

**w ,t±� ,J , a1 Jf � a1 � gt_ Jf .&ik k a ifi7 �)(J � 3i.t a1 -ti..* 0 

;:lFlb -l-{i..* 
��fo � k B �� � �A� � �1i � � � 4� � � t •��� 

�� ��¾ �$� , � ifiJ�* � �� �fo ff.ffi #���•fo �kB 

a¢J i,* fo -t� 4:t c NF ) 0 JJ Pr , � � �x � �it. t , ;lJ -.r R il � Pf �� k a1 1 i ½ 

� • ,  �-:l-*tt� � � ��fo �kB � �� � �  o � ' *�•fo � k  

B�#)(J �� so &•� � m�t•Am�a 

� T dQ a¢J �f  -t {1J i:_ mk. 1 t ¼� 7 �:ffi�it ,�, � T � 1� 9*P ik k 
S o � l # � m���� t �*•A4 o � � � � m t * � �**ft 

� � � � � v* Jt 4½ 1r1. a � 2 # 1 /gm t�� 7i" * ( ··teAJt;f*f'l=-i=JJJJ-ill4:i�* 
� -jj- * ) t ;lJ 7 R -1l � 1� a¢J v* fo -t� lt ,t1. �� , ;t� tri � � J--,t1. ½ £ �1t 4-h + 
�1,f. ( CMOS ) ifiJ Jt.1)[_,�.xx.t-&. lld4'-tf a � 3 #-t.l* t a).; $ :f-r�ilif.. ( shunt 
series ) �,tt t , tk 1l � * a).; v* ;t ,t1. 1i� at ;f:m tri Jt � ii" * -:l-Jf iJa � :;f-€. o 

� 4 # -i.l� � � � � *,&.� � ( inductive source degeneration ) ii" *  -¥f- � 

�rn � ���� '  *�•A m �± A � -� o  � -jj- * � # M $ �  

( cascode ) aaEJ 1-f-.tf iftA-r1Jt.M , }t#r R-1r-u¢J v*fo •t1. jj� .. ii.� �@.i� ..  � � 

&�� ifiJ � �m ��•Jt �kB ��#�t o 

Ji Pr J€; :i&_ a¢J � f -t {1J -:Z mk. 1 it iG -A 7 if-M $ i!. Ela
� � Pf �i:r $ -1t � ilit� 

-� �� ������;t �kB£Jt#± � �±���•Jt �kBo  

ittJiJJ€;�a¢J :4F -t {1J i:_ mk. 1 it-iG-A 7 ;lJ � JJ61�v*fo ik kB � �  � Jf  � ,  
-¥f- N � f# -JJa MOS EJafl {f. tf � $ � a� 1,f. tf }f-* � .j.l;t( o 
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.n 5'f ' ,tf.J§- i£..aJ.i -:1F -v :;f1J.:stmk. 2 tf '  ie;A$ m -t 3 . 1 GHz .f1J 1 0.6GHz 

� M� · ( UWB ) � � � � � · � � �#���fo � k B .  � �� 
fo ak B tf:7 ��}f] 7 f �A #-f . jJ � � �� m m £ , ,tf. � ¾4�A 
#-f � *¾ f ** � � , ,tf. A #-f � •-� ���M �#� � �o � 
1�11*p ilkBjJ 7 11:-hA 3 . 1 GHz .fU 1 0.6GHz � �-1'-- . i: r1Jttrf.tA Fll-tit 
aJ.i � � :rj -v#-t,R, 1� m 7 xx.� � AA; • ill -iJJ t� � .:k � )£ a O Jt. M * , 11:-J€r 
i£.. ;j f -t :;f 1J .:st mk. 2 JiJr i£.. aJ.i 1� 11* fo it k a t , 1�m � it s + � � 0 

� im , ,,ff. J€r i£.. aJ.i :4 f -t :;f ,J x. iftk. 2 tf3 ie; � � jJ 7 � � 1� 11* fo it k a aJ.i 
•r:i �� , ;j� � :fll.f¾J� a\ #-f � � :flt� £;f.i.. ( .i.#- ) i!.J¾�* aJ.i 4�7'( o � 
:thl.t-i-J� a\#-f ¾ N �lJ it_ MOS a\ #-f , ¾illtl..=.. FJt ( Triple-well ) i� 
· im �# � o -=- ��·�}f] P �£;f.i.., � A -t� P � £;f.i.. tf:7 � N �  
FJt ;;fp7fJ A� ii N � FJt tf aJ.i P � FJt o 

.n 5' r , 11:-J€r i£.. aJ.i ;f f -t :;f 1J x. mk. 3 tf3 1-e; A aJ.i 1� 17* fo it k am -t foJr 1Jt m 
al.] � �4�1' 1.x..jJ 2 ,1'-- aJ.i hA..  3 . 1 GHz .fU 1 0.6GHz al.J M� · (  UWB ) � �it o 

ii 1f�;/* p il k B1�ft] Si Ge .Jf-J1f M xx.� a\ #-f o ii 1� 17* fo ilk B aJ.i i: 
• ti,t A. � filje, ¾ill ii. .if 11:- 1 0. 6G Hz YA r � UWB ffeJi . fl ml r R :Jff al.] 17#;_ fo 
� � ���£¾4�-A¾* � m� o �£¾4�-A¾�ffim� � 
ra i£.. ;j F -½ ;f 1J it. lflk 1 ie; A fr-J 1 / gm t� � � * ( 1JJJJ-• 4 :!��AA; � * ) �m � . 
i@.tl;f�¼ � �fol £¾4J� a\ #-f � �¾rlll�-1*' RF frr,t A1i. ½ ,  � at£ 
¾4�A #-f � �M-�i:J:.# jJ � l ,t-- � � fr-J �M¾�I � � ;;fp CR 
**� $� #� � &�i!.0 £¾#� A #-f � £¾�ii.�jJ - 2 ,t-- � 
� fr-J £¾�� � �����£¾�I � & o �tl£¾�� � � {r-J �� 
im £¾4�-A¾ fr-J � �� � � � tl£��AA; � � � £¾4� A #­
f {r-J£¾*A � ���� � � *-�• . #��� � � �� , -A� 
��fo �&�� , �fo ffi�� � &�o ���fo �k & tf:1 � 2 •� �  
A��ill tl � �M¾4� A #-f , . � ¾ � A � � , R-M¾�MB 
;f11 R1i � Fll. JfiJ A� ti[ 3l:. .tf � � fJl R -it il k a * JfiJ A aJ.i O .n 5'f ' 1� 11* fo 
akB �¼- 3 •{r-J - � Af¾��B o  

JJ -� � , � 1€r i£..-v�it.lflk l tf �A � i: •akBi!.4�* * A  
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�f , � ff * A �f � � k A � f a'-J �¾� I � 4•*� iii� ��­
� & o  � fr * A �f � -t- � �* � r , ��� I � & � � , � k A �  
.f a'-J • � �ll. � iiL � k , _a. r!7 $... M � �iL � �1ll. a'-J � � 11 � k , � .A-� , J ,  , 
�ffl -t- � � � 1i ½ a'-J � k o  � fr * A � f � -t- � � * � r , £¾�I 
� & � � , �k A �f a'-J - � ¾ � � � � , A � �M¾� � £¾� � 
fi-11 � , J, , Jf ji J::_ .fr , 11* ;t .t� it ,ii v:J. ?k ¼ , it ftJ -t- -9� � Jh � lf � � 1 i 

½ a'-J it k o 

[-v f 1J .-st. mk 1 ]  El �#fr 2005-348 1 0 1  ½ /�-t!l 
[ ::If  -v f 1J .-st mk 1 ]  Chetty Garuda et al, "A 3 -5 GHz Ful ly Differential 

CMOS LNA with Dual-gain mode for Wireless UWB Application",2005, 

48th Midwest Symposium on Circuits and Systems, Vol . 1 ,  

pp .790-793 ,7- 1 0,Aug 2005 
[ ::IF -v f 1J .-st mk 2] Andrea Bevilacqua et al , "An Uitrawideband CMOS 

Low-Noise Amplifier for 3 . 1 - 1 0 .6-GHz Wireless Receivers",IEEE 

JOURNAL OF SOLID-STATE CIRCUITS,VOL.39 ,  
NO. 1 2  ,DECEMBER 2004,pp .2259-2268 .  

[ ::l f  -V f 1j .-st. mk  3]  Nobuhiro Shiramizu et al , "A 3 - l 0GHz Bandwidth 
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:ko J:. i£. �f -t :;f'J x mk. 2 fo/f 3£.JJ� ,tf , iii �  1J!.)f] JiL m T 1ft i@. -tJJ tti � � � 
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�x.1i. ½ .i1J l� �  a{i � -t T a{i RF 4�x.1i. ½iti-1-tii k o  1°*1�11*? ii :k.a 
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� m�tt�:k.B 3 MJM•-�B Q3 {r-J• m � £M¾4� A *f Q2 
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!:ti � � � � �  

*£ aJJ lt. � *£aJJ A��*ff*£ aJJ ���i�� � � A� - � 
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j!_�ja_� � 1i. ½ ( G�C� ) , �_t. j!_ D1 A � m ( � ) � � � � � - � 
fll ( RcH ) st '  _t. j!_R{t �  fll ( Rf ) �At.tt i1J � � R19f � m ( RfH ) 0 

� � El m � �_t. j!_v]"" � � � 'l?.i mR-� k. B ( 3 ) � �� � � _t.  
if.Jf �J'.£i1J 1i. ½ ( Gv _Cnt ) , ;je:,_t. j!_  D1 A 'l?.i m ( Re )  � i1J � 1� -t- _t. j!_  
� D1 � � fll ( RcH ) aJ.i 1� � � � fJI. C ReL ) st ,  _t. j!_R{t � m C Rf ) � 
��� � �� _t. if. � D1 A 'l?.i m C R� ) � � � • � m c R� )  c ��m  
4 )  0 

�- _t. if. * � � A ,  1£-�vf � � ja_ � m R-� k. & ( 3 ) � � � 
�st ,  � - � m ( � ) � ffi- � � tt� 1i ½ ( G�C� ) �tt� � � � �  
� m ( RcH ) ' � st R19f � fll ( Rf ) ��Jt�'.£ i1J �  � R19f 'l?.i fll ( RfH ) 0 

!El tr.. , � m D1 ,,,�_.1t it k. a 3 � ffJ J7' fFJ R1t at faJ � tt T fb( c 1 r . 2 n f 
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• RfCbe/( 1 +gmRc) a'-J �-f- � �-F,J:-;f� � k ,  I� J� a'-J_&._ {tat fa] 'f jt T fb(c l )  
kft� � o �M * ,  � m � .&...-�k& 3 6'-J � � a'-J �• �+ � ? ± �  

1-ri , � :11.m r a"J Jf � � ½ F.t-1� 0 JJ 71' , :i!. i:t.&...1t � f11. Rf :JJ � � fJI. , tJ.... 

� �� g �r a'-J � .&...- � F.t-�,  �� g �r a'-J ��½� k o  

� K�- i� � � � A ,  � � � · 4 � m.&...tt� k & ( 3 ) :JJ �  

Jf �at ,  � � � fJI. ( Re ) 11� EI :if �J£t1J 1i ½ ( Gv _ Cnt ) �tA£t1J :J; 1� � 
A � f11. ( RcL ) ' � at_&._ 1t � m ( Rf ) -tf:_,;pt_.tt t1J :J; 1�.&...11 � F-ll ( Rf L ) 0 

� � , .&...- � m c M> :JJ �.&...• � m c R� > �ff�• g �T a'-J �  

.&...1t :£ :if ;ba ' 1�• g .t� r a'-J Jf � F.t-1� 0 }j 71' , i@. i:t 1Jt � A �  fJI. ( Re ) 

:h 1� � � � F-ll ( RcL ) , HJ J� a'-J .&...-tt at fa] 'f M. T fb( c 1 )A -f- tf a'-J �-f- � 

�-Ej:-;;t� 3t. ,J , , l:;f] J� lr-J .&...1t at ia] 'f M. T fb( c 1 )  kft •t.a 5t_ o Jt- M  * ,  � 3t 

� � � F-ll.&...-� kB 3 a'-J � � a'-J � • �+ � ? ± �� , � - g �r a'-J  

Jf 4 �½�J! j� fif"1� o 

JJ 7r ,  1�J,%i� � �� A ,  �i�itk.aaJ;J 1,t.f ( Q2 )  at.J i�t� tB  

� �i�4� i �.&...- � A -MB ( Q3 , � ) a'-J $A , � i �.&...­
� A iR F:i!B ( Q3 , R5 ) a'-J * tB  � LU:.ik k. aa� 14'--=t ( Q2 ) a'-J L �-A 

� {& Z fa] i!A� � L �_&._ 1t � fJI. ( Rf ) 
� lt ,  :i!.i:tiU:..&...1t � AlRF:i!.& ( Q3 ,  R5 ) ,  � v:� �� 1* � � � Fll 

c � > lr-J � m� lr-J tt � r lr-J � � � � � w.&...•� k.a c 3 ) lr-J � �� 

��� , � .&...- � m c M > a'-J � m� at.J �� T at.J � � � � � w.&...ttft 

k a c 3 > al.J � .&...1t :£ J£ t1J al.; �i iL •t± 0 

� *£� a'-J�� � �� A� t , &�� i��kA �f ( Q2 ) a'-J 

Li&.4� A � t& t a"} Li£.� A1i ½ £1� �i-frhA..k.ft 3 GHz ltl k.ft 1 0GHz 
a'-J � .  

�*£ � a'-J k:h ��a'-J � �� A� t , i �ftk A �f ( Q2 ) k 

£M¾4��¾ A 14'-f , i:i£..&...- � A -F:i!.B�� M-•f:ii�• A 14'­

f ( Q3 ) 
�*£� 6'-J k:JJ ��a'-J � �� A-=t.. t , i��M•4��- A �  

f ;fo L j£_Af t&JR�xx.;t& a� �f � � 1J :h �4t- ( Si Ge ) -Jr-;ff M xx.;t& a� 1,t.f o 
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� �it. � � � - + � :h �� � � � � � z t , i �� k A * f 

( Q2 ) k � *»-.:t-i- J� 1h ?&El a8EJ * f , i �p_ ,tjf- � &. ;ifl f111 BJ!-� � ,t,�ll� F.ia 

lh :&EZ atfu *f ( Q3 ) o 

��it. � � �- + �:h ��� � �� �z t , i��¾4�lh :& 

;Ii.. a81=1 *f �i�� ;f»...it�f.i!Jh :&EZ. a\ *f �jjij :h MOS a81=1*f . 

� �£ aA � J!-* � �� �z t , i � � � A � fJI. ( ReH ) � + � 
� � f-fl« � i� � p_- � f-fl ( R& ) � � F-fl� kftA � � , i iE� �  

� � f-fl ( �L ) � + � � � m« � i��R• � m ( R� l � � m« k  

ftA J::t. 111J 0 

( 2 )  �it. aJ3 aJ.i Jt1{t�JL.J?, r a� 1\,t...,t1. � � �  � t a'-J 4�#-�A � 

$*� � � � A � f-fl.R-� kB ( 3 ) , � � � � � � f-fl.R-� k B  

( 3 ) * � � rJie; � JI� ( 1 ) .. it k a81:J * f ( Q2 ) .. � A � f-fl ( Re ) , 

R1l � R j� f:i!. B ( Q 3 .. RS ) ;fp R ,tjt 'l!.. f-fl ( Rf ) o 

� i� � � � � ( l ) �� ili � � � � � 4��� � � ffl4 �oJ.i 
J;-A-. 1_!- -0 RF =nfiJ A a 1T  o 

i �� k A #-f ( Q2 ) � £M¾A �-�¾A �¾ � �� � �$ 

� 1ii.. ( GND ) ;f:gi J!: .  

� i��k A �f ( Q2 ) � �¾A••� -A � ¾��* � i� 

� rJJi � � < 1 ) a'-J *� tl:: 1.i ½ o 

�i�� k A �f ( Q2 ) � • � ¾A � ¾ � - tl:: � - � � � � & 

( Vee ) z faJ i!:4� i it. �  A �  fJI. ( Re )  

i ��k A�f ( Q2 ) � iit.* tl:: �¾�4� i�R- � & -� 

B ( Q3 .. RS ) � .fijij A o  

�iit,p_,tjf- � &lil�B ( Q3 .. R5 ) � tt.r- tl::  � iit.ikk a8J:J *f ( Q2 ) 

ir-J i�-A it!A�Z la) i!:.:t-i-� iit.R1i �  FlI. ( Rf ) o 

� i it.� � � A � f-flp_-� k B ( 3 ) � ,  i it. � A � f-fl ( � )  

� � fll.11i1=i iiER1l �  fJI. ( Rf ) � 'l!.. m«� Jil .tf �J'.£1M1.i ½ ( Gv _Cnt ) 
rfr7 ti} ift] jt_ � O 

� � EZ m � �iiE� � � A � F-fl.R-� k B ( 3 ) :h � � � � i 
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j£Jt A.:J�t1J 1i ½ ( Gv _ Cnt ) , 4�J:.:i&. � A t@. FJI. ( Re )  �t1J ;iJ � � A t@. 
FJI. ( RcH ) &t , J:. :i&_,&___ 1t � fJI. ( Rf ) -�_A,tA� t1J 70 �,&___-it t@. fJI. ( Rf H ) o 

� � s m ��J:.j£_� �� A � �,&..-� k B ( 3 ) ;iJ ��A � J:.  
j£_��tt� 1i ½ ( G�C� ) , �J:.� i A � m ( � ) tt� ;lJ �� J:.j£_ 
� i � � fJI. ( RcH ) � 1� � � � � ( RcL ) at , J:. :i&_,&___{! � l!H- ( Rf ) � 

��� ;lJ ��J:.�� � � � m c R� > � � � A � m c R� >  c �� oo  
4 )  0 

��£ � � � � � �� A t , J:.� � � � 4 C I > �* �¾#� 
xx. ill 1c1a1=1 1-f. f ( QI ) , ii £.tll-ti J� x5l ill 1c1\ 1-f. f ( Q 1 ) aJ.i £.¾ iJt� ha* 
�¾�I � & , £M¾���*�tlJ:.j£_k�ffl#�� J:.� RF -A 
1...:.- a 5 7 0 

,fffe:.� � � J:. j£_ � rJiG t@. � ( 1 ) � J:. ��¾ -1¾ i� J.5lt2l a\ 1-f. f ( Q 1 ) 
al.i J:..j£_%_Af�llaJ.i J:. j£_  RF 1i ½ Jl.£j,' @;;}frl-Akft 3GHz J1J k..f.t 1 0GHz 
a!] �YI* a!.i A[Jt * RF *� A 1i ½ 0 

��%_� � �;iJ ��� ��� A t , J:. ��k A *f ( Q2 ) ¾%_ 
Af¾���¾A*f , J:.�,&___- �&-MB•*M¾�M�¾ A *f 
( Q3 ) 0 

��£� ��j:; ��� ���A t ,  J:.�£.¾���¾A *f �  
J:. j£_%_ Af ;tll-1¾ i� J.5l tll a\ 1f. f ►A ll. J:. j£_ M ;tJ,l Jpt f.il J.5l {ll 1:1\ 1-f. f � .n 1J 7J ,6_t 

4,!t ( SiGe ) .}f-]ffl: � J.5l{llaa1:1 1-f.f o 

��£� � � -+��� � �� A t , J:.:i&.�k. A 4f.f ( Q2 ) ¾  
� ¾��¼ �B A *f , J:.�,&___ffl�&-M&•* �¾-M¼ �S A 
*f ( Q3 ) 

��%_� � � -+��� ��� A t , J:.��-����ffi A *  
f � J:. j£_ � *lll� ffai Jh ?i".ts a\ * f � .n1J 7J MOS aal:l * ,f- O 

��£ � � •� ��� A� t , J:. j£_ � i A � � ( R� ) � f � 
al.i � f111A � J:. i&. � ,&___1! t@. FJI. c Rf H > � � m 1A k .f.t A tt. 111J , J:. � 1� � 
A � fJI. ( RcL ) aJ.i f � a!.i � fJI.1A EJ J:.. i&. 1�,&___1:l '£i f11 ( Rf L ) aJ.i '£i FJI.1A k 
ft A �t. 1,11 0 
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� *£ aJJ � � � *� � � � � � T � 4 * � • A � -���­
tB � ,& jiF:m.� ( 4 )  , .;J-i��)it,� � ( 45 ) . £if1i. ½ � J£ .if- it  ( 5 1 ) 
jf P 1-i �k 1 t. ½ 51 J.t.-t� ,F � ( 4 8 ) 

roJ L Q* tB � &. -M3 ( 4 ) �** L Q� � � � � ��-� k 
� ( 3 ) al.i � ili 1i ½ 0 

foJ __1:_ Q� �k i& � 3 ( 45 ) .t� * #,t ili � &. ji mi 3 C 4 ) a!.i tffit tl! 1 i ½ 

( OUT ) 
foJ LQ£w1i ½ � Jl:.if-it ( 5 1 ) �*� m __1:_j&A-i�k)lt.:!YJi 2- ( 45 ) 

a� -t-l�k£*1i. ½ o 

i&tlfoJ __1:_i&A-i�k1i ½ {! /.t.-t� -IF 2- ( 48 ) .tlt1*'� m __l:_Q.;J-i��ift.:!Y.W � 
( 45 ) � __1:_j£_,t,l �k£-* 1i ½ ,  N� rfi"J 4- A  d7 __1:_j£_,t,l �k 1i. ½ gJ J.t.-t� iF 2-
( 4 8 ) $t � 5¼ J:. j£_ � 21: Jf � � f 11 � -tt it k 2- ( 3 ) a!.i __l:_ j£_ Jf � ;J� -$1j 1 i 

½ ( Gv _ Cnt ) ( � Jl 00 1 2  ) o 

�*£ aJJ � � - �� ** � � �� � T � 4*�•A � � � , J:. 
i£.* te � &.iiF:m.� ( 4 )  *�tffit ili M-m.iiMxx.-m.a\ 1-f.ir ( Q4 ) o 

�*� aJJ A� *if.� � �� � T � 4*1-f. •A �� � , J:.j£_* ili 
Af t2t.ii f:m.xx..tJt. a81c1 if. if ( Q4 ) � }l_;;_t 41t ( Si Ge ) ff-� M xx. tJt. a\ if. if o 

�*�� � �- �� *�� � �� � T � 4 *�-A � � � , J:. 
i!Jffit ili � &. ii Fm. 2- ( 4 ) * � tffit ili � ttii fin.� JkJi-L a\ if. f ( Q4 ) o 

�*£ � A� *if.� � �� � T � 4**•A � $ � , J:.�- tB 
� t2t.ii Fm.� jkfeI a\ if. if ( Q4 ) �Jl MOS a'=1=1

1 * if o 

« � � -}j"  � � -j,JL � )) 

T drJ  ui- � # &ro�� j£_ � �� � o  

«MB·  OFDM 5tf EI � 1�\7*? ikk � al.i �¥-J »  
00 4 Jl�tF*£aJJ a!.i-+ ��� � T ¥J A -t 4 *1-f. • A � �( IC ) 

1 0  � e� 1� 17*P ik k � aJ.i 00 o 00 4 � 1�\7*fo it k B � 00 1 a� 1�\7*fo ikk 
3 � -f-t-*� m £tJt.-t-lJ�*ff,J A{JlifiJ A {J� I& fJie. � - ( MC )  2 ,  � 21: Jf _iii �  

Fll�{fit k �  ( FA )  3 ,  *t ili Aft2t.iiF:m.� ( EA )  4 , i£*� � ]i_  � -

( BC )  1 o 
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� � � � � 2 � £¾�� A *f Q 1 � £M•�* • �� � � aJ.i 

.g. JJ.t:tJL fil.] � f.!t iJ! :iiAifit A..- -f- IN � :ti!Jb ½ 1t?. � C 1 .;J4 �x. f1J fil.] RF 4°iiJ A.. 1 i. ½ o 

�£¾�� A *f � ti_M¾ Q l iJ! tt# ;/;J � 1 + � 6 � £M¾�I � 

6 L l  io CR -}f-Jlk � �  C2 , R3 , � .;JJ:J� � J.£  GND ;f;m � o  

ii RF -tiiJ A..1i. ½ }l.A vA 3432MHz ;/;J 1t7 ,� :!Y.-W 4 ..fl.J!-* 528MHz al.] * 

Jt fil.] � 1 -f-* .f_ YA l 0296MHz ;/;J t:f=1 ,� :!Y.-W * ..fl.J!-� 528MHz aJ.i * Jt al.] � 

1 4  -f- * ol.i *+* a{] UWB :!YJr41i ½ o -jf-..fl.ji!Jb½ � $.  C l  �Kix.;t. ;/;J 5pF 

a{] � Z.1Ji. ,  �t,j-;f:,&.WJ I 1t?. 6  L l  ,f,&:i� ;t. ;/;J  5nH aJ.i � 6 , CR ** � �  

al.i � z_ c2 i12 � � R3 � J31J �t. � ;t.  ;/;J 5pf a-!i t½!, $:.1Ji.i12 400 � �aJ.i � �1A 0 

RF :!Y.-W * r 0{J ti_ M ,t,&. WJ I � � L I  fil.i � fJl :tA:.1� .f}l * #;-.$ifit A..- .::S- IN a{J RF 

.$tfiJ A 1 i ½ i:p ,t!!- U% f 1J .;Ji. J� 1t?. /.£ GND aJ.J RF ,t!!- iii 7} -:i" A 1' o 

iJ!tl# ;/;J • 2 + t½!, 6 aJ.i £•*- t½!, 6 L2 � £•4i-� A * f Q l ol.i 

�,t,&.�iJa� £¾1� lt  � J.£ 0 £:-t,&.�- t½!, �  L2 ;Jt.i�;t.;/;J O.3nH � � � , 

�,t,&.1� I � &At.� ;t. ;/;J 1 .  66 1k o 

£ta 1� I � J.£ Jl� tl 1� I � � 1 1t7 • Jlk,.(f_ t½!, � � /£ V cc � .;J4 .i� � 
J.£ GND .Z ia] a-!i � I  � f-Il- RL R2 aJ.i i!A-i-"i$" .�, rh1 1.. A al.i O � tl£;f:,&.* 

- � 6 L2 {J{J � � , � � t½!, � 2 � �¾.g.�-A..- {J{J � � � � L£¾ 

�- � 6 L2 �£¾�� A *f Q l ol.i �¾-A.. � $. C l Z� �� ;t. �  

��� . o �tl� � � a{J �� , ./\...-��fo tt!, ,& � � , �fo ffl•� 

VA f,X_¼ o 

���fo � k B � � 2 •� � •Jl • "iif � � � 1t?. f-Il.�-� k S 3 

¥1 A a-!i , ij: of 1t :tf � � f-N.�19'-it k a 3 J!-* ti_ M •.;J:1: J� 1:181=1 * f Q2 , 

* � ;f:a �  � � f-Il Re , �1tM•i!�F.i!LS a81=1 *f Q3 ��19'- t½!,  f-Il- RL "iif 

� � � � f-Il-�-�k 3 3 � � k1i ½ iJn. tl • A *f Q4 �£M¾ � f-Il 

M � A � - � M¾�F.i!L3 4 ih7 # �� - � - � omo ���fo � k  

a aJ.i a81=1 *f Q l ~Q4 • �Jl-_:fYJr 4 fT k.fi.;/;J 90MHz � SiGe ft �  rt xxAa 

a\ *f ;t±J A O  -Jf-..Il.ti_Af;f:,&.,(ia.n_ � 6  L l  � £;f:,&.*- 1t?. 6 L2 �J3 1J � tl;t±) 

A* SiGe .Jt� rt x>l¾ a\ *f aJ.i 4 �1-f-�A � �J:. aJ.i #- �  !i?Jik. � �;t±j 

A o  

2 1  
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m 4 El{J � A T 4 �* • A % 4 1 0 El{J ��fo � kB � , · % - �  

A % f11 � � % f111.t � R- % f11 M El{J % f111.t:rm. tt•*� 4 �* • A % 

� 1 0 El{] Jt *'j tt A AA; --r aJ.i :if ii Jt *lJ 1 i ½ Gv -Cn t im th-iftJ 1t1: .i� ?.t � 0 

!!p ,  � * rt ;t,&. � A rt fll. Re � % f111A:rm.tl 1� rt + �  :if �At *1J 1i ½ 

Gv_Cnt ifri � k at ,  R1f % fll Rf � rt f11.1.t � k ; � • % *,&. � A % f-il 

Re aJ.i % f111Aim.tl � % .if- �  Jty _;fiaAt -$iJ 1i ½ Gv _ Cnt im � ,J , at ,  R1t % f-il 

Rf a{J % fll{R �  ,J, 0 • % {,&. � A %  fll Re a{] 4�:k. % fll.{R;f:p� ,J ,  % F-f11A5} 

�1J �Jti�;t.JJ 300 W:�ifP 220 !&� , Ritt %  f-il Rf El{J � k  rt F111.t;J:P� ,J ,  

� fJl 1A 5} JJ 1J 1It i� ;t. JJ 1 2  0 0  Nk � ifP 7 0 0  la �  o ;jJt J'.£: *'J 39 4� k % F-fl.1.t ;f:t:1 

� I J '  % f 1l 1A a{] * � ;t,&. � A � fJl Re ifP R19T � f 11. Rf Pf 1f1J �o ;i=tJ A 39 00 1 0 

f)� ,tf 0 

00 I 0 k�ffe 00 4 � � A T 4 �**A % 4 I 0 � � ��� � k 8  

aJ.i * rt ;t,&. :9l A % f11. Re ;J:P R1t % f11. Rf � 1�m aJ.i ur � % f11. 2- a{] ;i=tJ A a{] 

00 

� OO I 0 ffl ffe , � � � rt f-il B � -+AA; --r T l ifP � - +� --r TI -Z 

ia] �-t¾� � 1 rt fJl RI 0 , � �� AA; -y _z fa) * *� �  2 rt fll Rl l  ;ft:1 CMOS 

il Jij. -Jf- * 0 it CM o s ;fl Jij. -Jf- * )t :rm. tt 5} JJ1J -i-9:. ;t. Ji 4� , J ,  � i©.. � fJl aJ.i N 

)i) m_ MOS a\ * ,f- Qn 1 ifP P )ij ilt MOS a\ * ,f- Qp 1 a{] -#-* im �ti A a{] o 
CM OS ;fl.fij. -Jf- * � N )i) ill MOS lld4'-'f° Qn 1 a{] 1Jllt�ki©.. tlJ'.£: *1J � 

A- -r Tc a{J J'.£:�1J 1i ½ *.n.�¾i)[#J a{J ' CMOS iltij.-Jf- * aJ.i p )t:J i!t MOS 

fJaEl * ,f- Qp 1 � iJ!lt•)ti©.. tlR;fm B aJ.i R4½tijiJ tB 1i ½ *1)1! #J a'-J , ij: RJfm � 

� -A�-*�� -A� -f- Tc � � � 1i ½ o  

�� -AAA; -f- Tc � � � 1i ½ JJ � rt .if- � lt � T , CMOS ��-Jf­

* JJ - � , � � rt fJl B - +� --r Tl � � - + - --r TI .=t.. M � % fJl i@.. tl  

� 1 rt fll RI O im A JJ � rt fJl o  

�� -AAA; -f- To � �� 1i ½ JJ � � f � lt � T , CMOS ��-Jf­

* �� , uf � rt fJl B- + - --r T I � � -+ - --r T2 -Z M � rt fJl:im. tl �  

1 rt Fll R 1 0  ifP � 2 rt f Jl R 1 2  a'-J * * itrJ A Ji 1� rt f-ll O * _fl_ ' R;f� a 7J i@.. 

tl * *T � � rt & Vee ;{:t:14¾.i-® % &  GND zfa] � P )t:j m_ MOS Q\ * ,f-
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Qp2 � N i/;J ilt MOS a81=1 1+� Qn2 ¥-J A �  CMOS .,�.A§J S o  

���� , � m 4 � � A T 4��-A % $ 1 0 � ��fo � .k. S  

t ,  * % if/t. �  � % Fll. Re � �  f-fl.1Ji.:foR-it �  f-fl. Rf � %  fll.1Ji.i!ii.�-'9t-M;-

4�� - A  � $ 1 0  � Jt t•J tijif" A� -f- a1 Jf �.#:t•J 1i ½ Gv_Cnt ifri tJJ-iftJ ,ti. 

J�?k. �  

flp , � .  � *Jt. � � % f-fl. Re � % Fll.1Ji.i!ii1ri � f a1 :if �A� 1ff1J 1i. ½ 

Gv _ Cnt im ;lJ 4k .k. €8 300 Nk �at , R-if � f-fl. Rf at % Fll.1Ji.5lJ tt. .k.  €8 1 200 

�x.. � o 35 7 r , ibJ * � ifll � � � fll. Re ir-J � f-fl. 1Ji. i! ii. � � f at :if � J� i1J 

1i ½ Gv_Cnt im ;l] tt_ ,J,, at 220 Nk�at , R-it � Fll. Rf at � f-fl.1ii.5lJ 4i ,J ,  a1 

700 �-kEJ: o 

35 7j-- , ib1 * � ;tll  � � � f-fl. Re at � f-fl.1ii.:foR-if � fll. Rf at � fJI.1Ji.� 

i!ii.� � � €8 � �.#= M 1i ½ G�C� ifri 5lJ 4k .k. €8 1A at ,  ��fo � .k. S  

�.#=M h � � � ir-1 * � 0  * • � 11l � A � f-fl. Re � % f-fl.1A�R- � f-fl 

Rf � � Fll.1Ji.;1f� i! ii. � % -f- � :if �  Jt -$1J 1 i. ½ Gv _ Cnt ifrJ h 4i ,  J ,  at 1A at , 
��fo � .k. &�.#=M h �� � � * � o 

« 1ri �� fo it .k. & at Jf .:fid_ � 1f. 4,t ,ti. » 

ru s ��� 00 4 ir-J � A � 4 �� -A � 4 1 0 � ir-J �•fo � .k. &  

� :if � � 1Jii!ii.Jf �Jt t1J 1i ½ Gv_Cnt ifrJ �4i .k. ir-J ;Jk � ;fo4i,J,  at * �  

fa] � 1� Bt � ffiJ! .f. 4,t,t1. �  m O *� *��ilc T  .I- 1t j�fo)f:Hi-ftat:-tl.t� o 

111 5 at 4,t ,ti. High_ Rc&High _ Rf Jl 4i .k. � Fll. 3 00 Nk � at � � ;f:-&. � � 

� f-fl. Re ;fa 4� .k. � f-fl. 1 200 Nk -kEJ: � .i..At � Fll. Rf r � � :if �  �k � at �  4 

4-t ,ti. , 00 5 a1 4,t ,ti. High_ Rc&High _ Rf � m 2 � 4,t ,ti. High _Re ;fo I!] 4 

at 4,t,t1. High_Rf tj- ;}I o  m 5 €8 4,t ,ti. High_Rc&High_Rf )l r f,t 3dB a1 

ffeJ! * :); .k.ft 1 GHz JU .k.ft 22.5GHz at MJt * ,  ifrJ .il� � tl:: J-J.... .k.fk 5 GHz 

iu .k.fk 1 7GHz JL-f- -f- :lET a1 � Jf �-t-&.h R# a1 ffiJ! 4 4,t,ti. o  

111 5 � 4,t ,ti. Low _Rc&Low _Rf Jl� ,J , � f-fl. 220 Nk � at • � ,t,&. � � 

� f-ll Re ;fo � ,J , � fll. 700 � -kEJ: tit R-it � f-fl. Rf r at 1�:if � �k � ir-1 ffil � 4,t 

•r1. o I!] 5 at 4,t •ti. Low_ Rc&Low _ Rf )l r f,t 3 dB ir-J ffil * ;lJ k. fk 1 GHz J1J 

k.fk 24GHz at M'.Jt * ,  ifrJ .il� � tl:: J-J....k fk 5GHz JU k.fk 1 7GHz JL-f-

2 3  

EX-1002 0105 
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.



2008 1 0 1 6654 1 .  6 

-f- :le {r!] 1�.if �¾j;J R_jff-M) ffeJi 1fs.tt,t1. o 

� .J;t;f;m� , l!J 5 i£�-iF 7 • � ¾  91 � � fll. Re -1J -tt ,J , fr-J � fll. 220 
Nx. � '  R 1t � F-.ll Rf jJ -tt k. al.] � fll. 1 200 W: � Mi +t iJL r fr-J 4½- ,t1. 
Low_ Rc&High _ Rf, :fP * � �A.. 91 A �  fll. Re jJ .$3l k. Mi �  fJl 300 & -:kit, 
R -it � f11. Rf jJ 43l ,J, Mi � F-.U 700 & � Mi +t »L r al.J 4½ •t1. 
High_ Rc&Low _ RL 

00 5 fll.] 4t 1t1. Low_ Rc&High _ Rf Pf J_! � jJ r F-$- 3 dB fr-J � * )t kit 
1 GHz .fU k_j_t 1 9GHz al.] -tt * al.] *  W ,  JG �� k_j_t 5 GHz VA J:. MJ ffe.W W al.] 
.if .& F�1�� k. o -jf-_fl. 00 5 al.] 4t •t1. Low_ Rc&High _ Rf � ;ll.. T 00 2 Mi 4½ 1r1. 
Low _Rc o 00 5 al.] 4t,t1. High_Rc&Low _Rf Pf J_f_fijl? jJ r F� 3dB al.] ffeY! W Jt 
k.f.t 2GHz .fU k.ft 23 .5GHz al.J�Jt fr-} Jtw , JG*-1±-k.f.t 1 8GHz VA r 
al.] ffe.w w al.] .if .& F�1�� k. o -jf-_R l!J 5 al.] 4t ,ti. High _Rc&Low _ Rf .5{-j-;ll.. T 00 
4 MJ 4t •t1. Low_ RL 

00 6 ���-iF 00 4 MJ�A-t-4��-A �- Io t MJ ��� �k. 

� al.] .if .& al.] 11iif!:ii..if �Jt�J 1i ½ Gv _ Cnt rtr1 �-tt k. Mi �k � ip�,J ,  fr-J * 
� fsJ Jt. 1-t at al.J � * 4½" •r:t a� l!J 0 

��W 6 �-1J 7 � -t-�m� *'  ���m i�Mrtr1�m -r +A# 
��, � �A �*�� rtr1�-iF � ��� * Mi OO . 00 6 M iF � � � � �  
***� ,t:t k. ,J , ,J , -t- oo s rJt iF Mi .tf � aJ.i ;.w ***� ,t1. k. ,J , , � rtr1 1� foJ :½�;tm 
� o  

�o 00 5 folt iF , :k -t- � • � ¾ � A � fll Re -1J 1� � f-ll rtr1 R 1t � fll Rf 
jJ � � fJl a� •tt iJL r a� 4t ,ti. Low_ Rc&High _Rf � � ffel g_ �\ r .if� F-$-1� , 
� • � ¾ 91 A � F-fl � j;J � � f-il rtr1R-� F-.il fil-1J � � f-llfr-J lt»Lr al.J #  

•ti. High _ Rc&Low _Rf � 1�ffeY! JR J� r .if ji � k. � +t iJL ,  .:J-4 � r riJ :ill-ft 
.. ,, 

EJ B 
1,;{, 'FJ 0 

« .tf � a� ffel 1fs. * t� ,ti. I#.. J£ » 
iK r)T ft] �i:t , ii! ii.# il � 4ft H ( s ) � 1W -it ;,fP # � � 4ft G ( s ) Mi R 

-ittiJ A al.] 91 R-it � �JG fr-J I� J�# il  � 4:t��o H(s)/( 1 +H(s)G(s))JJ� :+f ,  1� 
1W -tt # il � 4ft H ( s ) � vA ( 1  + H( s )G( s) )1J .f 1J a� o 
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W 4 a'-J�Af-+�*•A �4 1 0 z t a'-J ��fo �k & a'-J � � � 

»--11 ik k S 3 a"J � li:t # � Jfu � H ( s ) 7J gmRe o gm Jt. � 1l!. ;f:ll � �it. le 
a{] !t.1�.!.j £Mt.&A¾:!�a\*� Q2 a"J �Alll£Mtll � &  Vbe a'-J � 1�z1;� 

LHC/�vbe M1 � -Jr- ,  Re Jt£M�1¾:!� lL'11 1-f..f Q2 {r(i � � � ffl  A � f-Il  Re 

a'-J � F.Il.� o m ��1� g �� ��1� g �a"J � f-El � �-�k& 3 a'-J 

&_-il # � Jfu 4ft G ( s ) j:J G ( s ) • . 1 ., � Jt m f-,,(f. -ij: 1 f¥ :i,Ji -$ g �\ t , 

£ M -tll 4 :!� l� 14'-f Q 2 a'-J -�All £ M tll � % Cbe ( k J.t 5 OtF ) a"J f-E1 -tit i& 
k f-»--4t � f-E1 Rf a'-J f-E1 ;},;t o 

� -� � ' 00 4 a'-J � A-=t+��•A�4 1 0 zt a"J ��� � k  

a a'-} � fJl ffl ,&_ {yf ii k S 3 M} Jr J� Ml ,&..  li:t at (a] � it T fb( op) 7J T fb( op) 
• . 2 n • RfCbe o � .irt , 1�"*P i.t k a a'-J  � fll. ffl ,&..{fik :k.. S  3 Ml l:f] J� a'-J 

g__,ttat (a] rf it T fb(c l )t}G j:J  T fb(c l )= T fb(op)/ ( 1 +H(s)G(s) ) o 

IE) .irt , � f 11. .9l ,&.. -tt ik k a 3 a'-} ff] 11' a'-J ,&.. li:t at (a] � it T fb( e 1 )-:ko r P)f 

T fb(c l ) "  . 2 TT • RfCbe/( l +gmRc) . . .  A ( 1 )  

-:ko 00 5 Ml 4t ,t± Low_ Rc&High_ Rf r)f 71' , i! ii. 1Jt.. � ;f:ll :91 A � fll. 
Re ;lJ 1� � f Jl .il..1�&. 41 � f 11. Rf ;lJ � � f 11. , � i?ri J::. i£ 5(. ( 1 ) a{] �-f- :fP 
�-£1:-� n 1J � k :t. , J ,  , J::. i£_ A c 1 ) PJiiK. � Mi 1:fJ 11' a'-J & 1t at ra1 � it r fb( c 1 )  

:t. k O Jt-it * , � f-E1 ffi ffi-..1t it k a 3 a{] ,� b1' T a'-J ffeJPJ :t. , J, , � ffeJI r a{] 

:!f � f$-1� o {'a )ti! ii.&.1t % Fll. Rf j:J � % fJl , � i?ri 1�� rg_ J� r Ml � »--
1t ;_ Ft1� , 1�ffe3i g J� r a¢J :!f �Jf k o  

-:ko W 5 a¢J 4t ,t± High_ Rc&Low _ Rf fo)f 71' , i! ii.1Jt.. � ;f:ll � � � l!il 
Re ;lJ � � fJl 1ir1 &. 1t � fll. Rf 7J 1� � Fll. , � i?ri J:. j£_ A. ( l ) a'-J � -r .!.j � 
-£J:-� ntl :t. , J ,  :t. k , J::. i£_ A ( 1 ) Ji!iiK. -=r a¢J 1:fJ J� a"J g__ -it at raJ � 4it T fb( c 1 )  :t. 
,J , 0 *� * '  � fll. ffl »--1likkS 3 a'-} I� J� r a'-J ffefli * � k ,  � :ffel r  a'-J Jf 

��� o �Jt�ii._&_- � f-EJ. ITT 1:J �% l!ft , �1ir1 �- rg_ �r a¢J i »--1t 

;_ Jt k , 1�ffeJI IR J� r a'-J Jt .$d- ft1�o  
-:ko 00 5 a'-J 4t ,ti. High_ Rc&High _ Rf r)f 71' , im.. i:t 1Jt. � % ;f:1l � � � F.Il. 

Re :Ji � � fll. 1ir1 � fJL i &. Jrtit:k..S 3 a"J -Jr J�Jf -�-. J-w /JP " 35 5'f , im..i± 1� 
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� � t&. 91 � � f-ll Re j;J � � f-Il rtr1 R 11 � f-fl. Rf j;J � � f-Il , tJ... rtr1 _t_ � i\.i( 1 ) 
aJ.i �-f- � �"---BJ: ;:t� � k , _1:_ � A ( 1 ) � -r a'-J 1� J� sJ.i R 11 at faJ 'f 4:t T fb( c 1 ) 
kfr� �o �M * ,  � f-il 91 R-� k B 3 � � � T � M • �+ � L± 
Jt 1-t , � :&Ji IR :tA T aJ.i if � � ½ F,r1� o :n >'r , iJ! i:tR1f � f-Il Rf 71 � � 
f-ll ,  � Jr, �� IR �T sJ.i t R• � �� '  �- IR � T � · �• � o  

-3<o 00 5 aJ.i 4.=r ,t1. Low_ Rc&Low _ Rf fo}f 7F , iJ! :i:t 1RR 11 � Fll. Rf j;J 1� 
� fll. , 1�M IR J.� T � 91 R 1f � if ;au , 1�:&Yi IR tA T a'-J Jt � F.t1� o .n >'r , 
il! ii1R *  � ¾ 91  � � f-Il Re 71 1� �  f-R ,  � Jr,  _I:_�i\ ( 1 )  � �-f- � �-Et 
;:iF � ,J -- , J:_�i\.i ( 1 )  JJi\. -r aJ.i l� J� � R1f at faJ 'f tt T fb(e l ) k!k •t.e � o  
�M* , � f-Il i R-� k B 3 � � � T � � • �+ � L± Jt � , � ­
g J� T a'-J if � � � ½ � �  F.t1� o 

-Jf- ..fl. , � 300 W::.� a'-J � * � tll � fll. RcH :fP 1 200 W::.-:MJ:� � R- �  fll. 
Rf H Z fa] , 220 W::. � � 1� * � tll tt!i f-ll RcL :fo 700 Nk. � � 1�R 11 tt!i f-fl. RfL 
.z_ fa] �n1J AiL -3<o T aJ.i * � 0 

RcH2=aH• RfH . . . A ( 2 ) 
ReL2=aL • RfL . . . A ( 3 ) 
� � J:_ , -Jto * 1\ A 4:t 1A , Yi1J aH=90000/ 1 200=75 , 

UL =48400/700=69 . 1 4 ,  � JJ;t UH • .  UL EJ{J * � A .iL.  0 i� * � A -Jf- -=11:- 1R.ti-+'F 
:h R1f at faJ 'f M: T fb( c 1) � ili 1� A aJ.i A ( 1 ) � � � , Jr, :>l.xt � ¾ 00 4 
� �� * ± �#� � � L � � #� � M:A*�«� , � � � � tt£# 
-n. � * ti'-J o �.ERl ili  1� A ( 1 ) 1R Re � Rf .z 1;ri •t.a � ,  ��.EHl A ( 2 )  , A 
( 3 ) :fP A ( 4 )  i� it � J:t � at :fp1�if ji at �  m � � fll.11i ,  t,t "iif fl � �  

• � at :fP �• � at � m � * � T � k A :h kft � � � • � � - · �  
II) 0 

« � 1-tt M ;ttJ a'-J 1� p* fo it k a aJ.i ;itJ A »  
00 7 ����L� � :n -+ ��� A T�A�4*�*A �$ 

( IC )  1 0  lf aJ.i 1� l'*P il k & �  !IL 00 7 � 1it17*? it k a  � 00 4 a'-3 1�,:,* 
> � k & � � � z�� � , 00 4 � "iif � · � � f-fl. R-� k S- 3 � Rtt 
M ;f:Jlj&. F� & a\ � if Q 3 � 00 7 tf �Jtlt -t� j;J dJ ft -qi xf a\ � if Q 3 A, Q 3 B , 
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� � � fJI. R7 , �,t l1=11 #.tf Q3C :-i=tJ A fr,J � 19'- � &l�F.i! B o  
«$�M � fr,J ��fo �k.B fr,J �� fr,J M*#�» 

00 8 ��ffe ffi 7 fr,J �Ar+**•A �� IO t fr,J��fo �k.B 

fr,] Jt � fil.] ffil . 4-t ,t1. {r,J m O $ M * �Jf5t. iR: T + A it X.;tJL:iti 1r � ;il-t� 0 m 

7 al.J 1�t*fo ikk.B t �,tt�i�rb  � ,t1. 1i��,tt�&l��B ( Q3A, Q3B , 
R 7 , Q 3 c ) ;tt; A , !E1 tt m s al.J Jt .a � ffil * * t.61 ,t± , J ,  -t- oo 6 al.J Jf A al.J ffi.m 
**� ,t± , 1e; 1n aJ.i 1� foJ �;tm � o 

« �-+$�M� T aJ.i ��fo �k.& aJ.i � � »  

00 9 ��ffe�� � eJ.i �-+ � �� � T� A r 4**•A � �  

< 1 c ) 1 o t al.J 1� 11* fo ik k. & al.J oo O oo 9 al.J 1� 11* fo ik k. a � oo 4 aJ.i 1� 11* 
fo �k.B aJ.i � � Z�1f-T , � 4 7 00 4 eJ.i � ��� � ��tt�k.B 3 

eJ.i �1tAft,&.1�f�B a\ #--f Q3 , ;je;a8�#.f Q2 aJ.i * tB  � ,t,&.1=j �,tt� FJI. 
ru ���*o �M�zt , rb r � � � � A #.f Q3 ffl m �� � � , 
IE} � � � � � � � o  � - � � , Q2 eJ.i * f=B � � eJ.i *± � � � �- �  
� Rf z ia] Jt * :iti 1T T£. & j� Fi! B :iti-ft al.] � � , lzsl lt. � tt Bt fa] � 4t T 

fb( C 1)  ii! i:1 Q2 al.] ttftt f:B � ;f,&_ 09 � ± T£. $-* ft eJ.i af fa) � 4Ut eJ.i i!_}Ja � Jf k_ o 

!El tt , ;tm �t. 00 4 al.] � �M :tti , 00 6 fi}f ffe tiJ.i k.ft .if- :te a-!J ffil .$ � ffi1 ;;ii foJ it_ 

�-· � ffil � � '  � � � � � � aJ.i � * � 00 6 aJ.i � � � � o  

00 l l ��ffe��� eJ.i�- + � �� �r�Ar4**�A � 4  

( IC )  1 0  o/ aJ.i 1� 11*fo ikk.&*9 liL 00 1 1  aJ.i 1� 11*fo ikk.&l=i 00 4 al.] 1� 

�fo �k.S � � � Z�1f- T , �i:100 4 � � ��� � ��-�k. 3 3 

;fl=l * tB Af :flt I� � & 4 � Si Ge jf-$ �t ,xx_ :f,&. a\ #--/f ?f/;J A� a\ * f Q2~Q4 
�JtJ[ ,t� jJ N �tJ it. MOS a\ #. f o -ff-.iL ,  i� N itJ it. MOS a\ #--Pf � f-" 1Jt. 
]fJ CMOS aJ.i N jt) it� MOS a\ #.f o 

OO I I aJ.i ��fo �k.& t , � � T£. 4 2 JJ T �� �*� �fo �­

•r1. 1J� , 1�}f] 7 rb SiGe -}f-Jw: M _xx.;f:/2l. a\ *f iftJ A aJ.i £;f:,&.-t-i-J�a\ *f Q l o 
1f- fL it 11* fo -t� it ,t1. 1J� .itt it�,£. � 1tt ;JL T , � rlie. � 4 2 al.] £;f:,&.4l J� aa� #-­
� Q l  � '"iif fA J[,t�jJ N itJ il MOS a\ #.f fr,] ;f:}JJJ-�;j!-J� MOS aa1:1 #.f o 

« MB ·OFDM xt }IL �  UWB � 1i ,f �it 09 � ?f/;J )) 
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00 12 k���� � �-+ � � � � r J . ( MB ) � � � - �� 

ft) ( OFDM ) tj-;iL al.] UWB :rm. 1i ,% iJe, al.] M itJ al.] 00 0 
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Class AB arnplifier circu its . If the ce l lu lar te lephone is to operate in a l1 igh power 

operating mode ,  then the first a rnpl i l ier drives the PA output terrn inaL Tl,e power 

transistor(s) in the first amplifier is/arn biased al a firs t DC current and a first DC 

voltage so as to optimize efficiency and l inearity at t1ig h output powers . I f  tf:e 

ce l lular te lephone is to operate in a low power operating mode ,  Hien the second 

amplifier drives the output terminal Tile power transistor(s) in the seconr.l amplifier 

is/are biaser.l at a second DC cu ffent and a second DC voltage so as to optin1ize 

eH1ciency and l inearity al low output powers .  By sizing the power lrans islors in the 

arnpl ifiers appropriate ly, emitter cu rrent densities arn rnaintained substantial ly 

equal so H1at PA power fJa in is the same in H,e two operating modes. 
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DYNAMIC BIAS CONTROL IN POWER AMPLIFIER 

ABSTRACT 
An RF output power amplifier (PA) of a cellular telephone includes first and 

second Class AB amplifier circuits. If the cellular telephone is to operate in a high 

power operating mode, then the first amplifier drives the PA output terminal . The 

power transistor(s) in the first amplifier is/are biased at a first DC current and a first DC 

voltage so as to optimize efficiency and linearity at high output powers. If the cellular 

telephone is to operate in a low power operating mode, then the second amplifier drives 

the output terminal. The power transistor(s) in the second amplifier is/are biased at a 

second DC current and a second DC voltage so as to optimize efficiency and linearity at 

low output powers. By sizing the power transistors in the amplifiers appropriately, 

emitter current densities are maintained substantially equal so that PA power gain is the 

same in the two operating modes. 
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