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An adjustable gain power amplifier circuit includes a
power amplifying unit to receive and amplify an input signal
to generate an output signal; a power detecting unit to detect
power of the input signal to generate a detecting signal; and a
biasing control unit to generate a biasing signal according to

the detecting signal and to output the biasing signal.
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PCT/US2012/037065
PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

. PCT

CHRISTENSEN MICHAEL R.
KNOBBE MARTENS OLSON & BEAR, LLP2040 MAIN NOTIFICATION OF TRANSMITTAL OF
STREET, 14TH FLOORIRVINE CA 92614 USA THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN QPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44.1)

iDate of mailin;

(day/month/year) 28 NOVEMBER 2012 (28.11.2012)

Applicant's or agent's file reference
FOR FURTHER ACTION  See paragraphs 1 and 4 below

SKYWRKS280WO
International application No. I(l}ld;r/nati;%l ﬁli;lg date
‘month/year,
PCT/US2012/037065 ~ 09 MAY 2012 (09.05.2012)
Applicant

SKYWORKS SOLUTIONS, INC. et al

1. & The applicant is hereby notified that the international search report an d the written opinion o f the International Searching

Authority have been established and are ransmitted herewith.
Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the

international search report.
Where? Directly to the International Bureau of WIPQO, 34 chemin des Colombettes
1211 Geneva 20, Switeerland, Facsimile No.: +41 22338 82 70
For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.011,

2. D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are wransmitted herewith.

3 D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:
the protest together with the decision thereon has been transmitted to the International Bureau together with any
request to forward the texts of both the protest and the decision thereon to the designated Offices.

EI no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
The applicant may submit comments on an informal basis on the written opinion of the International Searching
Authority to the International Bureau. The International Bureau will send a copy of such comments to all designated
Offices unless an international preliminary examination report has been or is to be established. Following the
expiration of 30 months from the priority date, these comments will also be made available to the public.

Shortly after the expiration of 18 months from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the
international application, or of the priority claim, must reach the International Bureau before the completion of the
technical preparations for international publication (Rules 90bis.l and 90bis.3).

Within 19 months from the priorit{ date, butonly in respact of some designated Offices, a demand for international
preliminary examination must be filed if the applicant wishes to postpone the enwry into the national phase until 30
months from the priority date (in some Offices even later); otherwise, the applicant must, within 20 months from the

priority date, perform the prescribed acts for entry into the national phase before those designated Offices.

In rﬁgp?%t of otllller designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed
within | 9months.

For details about the applicable time limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.hwml and the
PCT Applicant's Guide, National Chapters.

Name and mailing address of the ISA/KR Authorized officer
.. Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Mewopolitan COMMISSIONER
City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8755

Form PCT/ISA/220 (July 2010)
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* Attention

Copies of the documents cited in the international search report can be searched in the following Korean Intellectual
Property Office English website for three months from the date of mailing of the intemational search report.

http://www kipo.go.he/en/ => PCT Services => PCT Services

ID :PCT international application number
PW : SBLY7NK2

Inquiries related to PCT International Search Report or Written Opinion prepared by KIPO as an International
Searching Authority can be answered not only by KIPO but also through IPKC (Intellectual Property Korea
Center), located in Vienna, VA, which functions as a PCT Help Desk for PCT applicants.

Homepage: http://www.ipkcenter.com
Email: ipkc@ipkcenter.com

Phone: +1 703 388 1066

Fax: +1 703 388 1084

Notes to Form PCT/ISA/220 (July 2010)
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PCT/US2012/037065

PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

SKYWORKS SOLUTIONS, INC. et al

Applicant's or agent's file reference FOR FURTHER so¢ Form PCT/ISA/220
SKYWRKS280WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/US2012/037065 09 MAY 2012 (09.05.2012) 13 MAY 2011 (13.05.2011)
Applicant

to Ariicle 18. A copy is being transmitted to the International Bureau.

This international search report consists of a total of 3 sheets.
l:' It is also accompanied by a copy of each prior art document cited in this report.

This Intemational search report has been prepared by this International Searching Authority and is transmitted to the applicant according

1. Basisof the report
a. With regard to the language, the international search was carried out on the basis of:

& the international application in the language in which it was filed

translation furnished for the purposes of international search (Rules 12.3(a) and23.1(b))

b. D This intemational search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.65is(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international applicaion, see Box No. 1.
2. D Certain claims were found unsearchable (See Box No. II)

3. D Unity of invendion is lacking (See Box No. III)

4. Withregard to the title,
@ the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
g the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

6. Withregard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 4
& as suggested by the applicant. ,
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract.

I:] a translasion of the international application into , which is the language of a

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

Form PCT/ISA/210 (first sheet) (July 2009)

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



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2012/037065

A, CLASSIFICATION OF SUBJECT MATTER

HO3F 1/30(2006.01)i, HO3F 3/24(2006.01 )i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classificasion system followed by classification symbols)
HO3F 1/30; GOSF 3/02; HO3F 1/36; HO3F 3/21; HO3F 1/02; HO3F 3/04; HO3F 1/24

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: amplifier, time dependent, RC, bias

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 7821335 B2 (SHIRAMIZU NOBUHIRO et al.) 26 October 2010 1-28
See column 10, line 66 - column 11, line 3; and figure 1.

A US 2009-0195318 Al (KANG LI-HUNG et al.) 06 August 2009 1-28
See paragraphs [0013]-[0034]; and figures 1-5.

A US 2005-0134374 A1l (HENCH JOHN J. et al.) 23 June 2005 1-28
See paragraphs [0117]-[0118]; and figures 13A.

A JP 2000-252766 A (FUJITSU QUANTUM DEVICE HK) 14 September 2000 1-28
See abstract; paragraphs [0046]-[0049]; and figure 1.

I:] Further documents are listed in the continuation of Box C. @ See patent family annex,
* Special categories of cited docu "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered dateandnot in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" earlier applicasion or patent but published on orafter the intemational ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document whichmay throw doubtson priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" documentof particular relevance; the claimed invention cannot be
special reason (as specified) considered to "involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such dc such combi
means being obvious to a person skilled in the art
"P"  document published prior to the interational filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
23 NOVEMBER 2012 (23.11.2012) 28 NOVEMBER 2012 (28, 11 .20]2)

Name and mailing address of the ISA/KR Authorized officer L

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Mewropolitan KIM, Sang Keol
] City, 302-701, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5742

Form PCT/ISA/210 (second sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2012/037065

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 7821335 82 26.10.2010 CN 101414805 A 22.04.2009
CN 101414805 8 18.05.2011
JP 2009-100337 A 07.05.2009
US 2009-0102552 A1 23.04.2009

US 2009-0195318 At 06.08.2009 US 7612613 B2 03.11.2009

US 2005-0134374 A1 23.06.2005 US 7053705 B2 30.05.2006

JP 2000-252766 A 14.09.2000 JP 03471648 82 12.09.2003
JP 3471648 82 02.12.2003
US 6331799 81 18.12.2001

Form PCT/ISA/210 (patent family annex) (July 2009)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
CHRISTENSEN MICHAEL R. PCT

KNOBBE MARTENS OLSON & BEAR, LLP 2040 MAIN WRITTEN OPINION OF THE
STREET, 14TH FLOOR IRVINE CA 92614 USA INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing

(day/monti/year) 28 NOVEMBER 2012 (28.11.2012)

Applicant's or agent's file reference ) FOR FURTHER ACTION

SKYWRKS280WO See paragraph 2 below
International application No. International filing date (day/month/vear) Priority date(day/month/year)
PCT/US2012/037065 09 MAY 2012 (09.05.2012) 13 MAY 2011 (13.05.2011)

International Patent Classification (IPC) or both national classification and IPC -

HO3F 1/30(2006.01)i, HO3F 3/24(2006.01)i

Applicant
SKYWORKS SOLUTIONS, INC. et al

I. This opinion contains indications relating to the following items:
Box No. I Basis of the opinion

Box No.II  Priority

Box No.IV  Lack of unity of invention

Box No. V. Reasoned statement underRule 43 bis. 1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

D Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
D Box No. VI Certain documents cited

Box No. VII  Certain defects in the international application

Y

Box No. VIII Certain observations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/KR Date of completion of this opinion |Authorized officer
Koreég Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon
Metropolitan City, 302-701, 23 NOVEMBER 2012 (23.11.2012){ KIM, Sang Keol
Y Republic o fKorea
Facsimile No. 82-42-472-7140 Telephone No.82-42-481-5742

Form PCT/ISA/237 (cover sheet) (July 2011)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/037065

Box No. I Basis of this opinion

1. Withregard to the language, this opinion has been established on the basis of :

g the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. D This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified

to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been

established on the basis of:

a. a sequence listing filed or furnished

D on paper

D in electronic fortn

b. time of filing or furnishing
contained in the international application as filed.
l:l filed together with the international application in electronic form.
D furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioan] copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were fumished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( July 2011y
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/037065

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims ~ 1-28 YES
Claims NONE NO

Inventive step (IS) Claims 1-28 YES
Claims ~NONE NO

Industrial applicability IA)  Claims  1-28 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1: US 7821335 B2 (SHIRAMIZU NOBUHIRO et al.) 26 October 2010
D2:US2(09-0195318 Al (KANG LI-HUNG e tal.) 06 August 2009

" D3: US 2005-0134374 Al (HENCH JOHN J. et al.) 23 June 2005
D4: JP 2000-252766 A (FUJITSU QUANTUM DEVICE KK) 14 September 2000

1. Novelty and Inventive Step
1.1. Independent claim [1]

The subject matter of claim [1] differs from these prior art documents in that a power amplifier
system comprising: a bias block for biasing the power amplifier, the bias block including a time-
dependent signal generator configured to shape an enable signal of power amplifier to generate a
control current, and a primary biasing circuit configured to generate a bias current for the power

amplifier based at least partly on the correction current. And it is not obvious to a person skilled in
the art by the documents, taken alone or in combination. Therefore, claim [1] meets the
requirements of PCT Article 33(2) and (3) with respect to novelty and inventive step.

1.2. Dependent claims [2-17]

Claims [2-17] are dependent on claim [1] and therefore meet the requirements of PCT Article
33(2) and (3).

Continued on Supplemental Box

Form PCT/ISA/237 (Box No. V) (July 2011)
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/037065

Box No.. VIII Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully
supported by the description, are made:

In claim 15, line 1, ‘the primary bias circuit' lacks proper antecedent basis.
Inclaim 17, line 1, ‘the primary bias circuit' lacks proper antecedent basis.

Form PCT/ISA/237 (Box No. VIII) (July 2011)
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2012/037065

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of :

Box V

1.3. Independent claim [18]

The subject matter of claim [18] differs from these prior art documents in that a method of biasing a
power amplifier comprising: the step of shaping an enable signal using a time-dependent signal
generator to generate a control current; the step of generating a bias current for a power amplifier
using a primary biasing circuit, the primary biasing circuit configured to use the correction current to

correct for a viariation in gain the power amplifier when the power amplifier is enable. And it is not
obvious to a person skilled in the art by the documents, taken alone or in combination. Therefore,
claim [18] meets the requirements of PCT Article 33(2) and (3) with respect to novelty and
inventive step.

1.4. Dependent claims [19-22]

Claims [19-22] are dependent on elaim [18] and therefore meet the requirements of PCT Article
33(2) and (3). ~

1.5, Independent claim [23)
The subject matter of claim [23] differs from these prior art documents in that a bias circuit for

biasing a power amplifier comprising: a time-dependent signal generator configured to shape an enable
signal of the power amplifier to generate a control current, a primary biasing block configured to

generate a bias current for the power amplifier based at least partly on the correction current. And it is
not obvious to a person skilled in the art by the documents, taken alone or in combination.
Therefore, claim [23] meets the requirements of PCT Article 33(2) and (3) with respect to novelty
and inventive step.

1.6. Dependent claims [24-28]

Claims [24-28] are dependent on claim [23] and therefore meet the requirements of PCT Article
33(2) and (3).

2. Industrial Applicability

Claims [1-28] are industrially applicable under PCT Article 33(4).

Form PCT/ISA/237 (Supplemental Box) (July 2011)
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period forreply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Anyreply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)[J Responsive to communication(s) filed on
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5K Claim(s) 1-20is/are pending in the application.

5a) Ofthe above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) ____is/are allowed.

7)1 Claim(s) 1-20 0 is/are rejected.

8)[] Claim(s) _____is/are objected to.

9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

hitp/iwww . uspio.gov/eatents/init events/peb/index.isp or send an inquiry to PPHfesdbacki@®@uspto.aov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2[00 Certified copies of the priority documents have been received in Application No. __
3.0 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)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. _
2) |:| Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other:
Paper No(s)/Mail Date . ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170217
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Application/Control Number: 15/377,842 Page 2
Art Unit: 2842

The present application is being examined under the pre-AIA first to invent provisions.
DETAILED ACTION
Double Patenting
Claims 1-20 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.

Claim Rejections - 35 USC § 103
In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art
relied upon, and the rationale supporting the rejection, would be the same under either status.
The following is a quotation of pre-AIA 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, if the differences between the subject matter sought to be patented and the prior art
are such that the subject matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not
be negatived by the manner in which the invention was made.

Claims 1-6, 8-12, 14-17, 19 and 20 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over WAKITA et al. (U.S. 8,692,619).
Regarding claims 1 and 10, WAKITA et al. (hereinafter, Ref~619) discloses (see Figures

1-6 and related text for details) a mobile device/method comprising:
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a transceiver configured to generate a radio frequency signal (at 101 of Fig. 1 and a
power amplifier enable signal (Vcont disposed at 143 of Fig. 1) as seen/expected,;

a power amplifier (103 of Fig. 1) configured to provide amplification to the radio
frequency signal, the power amplifier configured to receive a bias signal (disposed at base of
transistor 103 of Fig. 1) that biases the power amplifier; and

a bias circuit (at least 111 and/or 112 and/or 203 of Fig. 1 can be read as the claimed bias
circuit OR at least it is functionally equivalent to it) configured to receive the power amplifier
enable signal and to generate the bias signal, the bias circuit including a gain correction circuit
(122 of Fig. 1 can be read as the claimed circuit OR at least it is functionally equivalent to it)
configured to generate (via output of 202 of Fig. 1) a correction current in response to activation
of the power amplifier enable signal, and a primary biasing circuit (111 of Fig. 1) configured to
generate the bias signal based on the correction current and the power amplifier enable signal as
expected, meeting claims 1 and 10.

Regarding claim 2, Ref~619 discloses the mobile device of claim 1 wherein the primary
bias circuit includes a first transistor (107 of Fig. 1), the correction current configured to change
a current flowing through the first transistor as expected, meeting claim 2.

Regarding claim 3, Ref~619 discloses the mobile device of claim 2 wherein the primary
bias circuit further includes a resistor (131 of Fig. 1), the first transistor configured to receive the
power amplifier enable signal via the resistor as seen/expected, meeting claim 3.

Regarding claim 4, Ref~619 discloses the mobile device of claim 2 wherein the primary

bias circuit further includes a second transistor (151 of Fig. 1) electrically coupled to the first
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transistor and configured to provide the bias signal to the power amplifier as expected, meeting
claim 4.

Regarding claim 5, Ref~619 discloses 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 as also
expected depending on specifications/applications, meeting claim 5.

Regarding claims 6 and 12, Ref~619 discloses the mobile device wherein the gain
correction circuit includes a time-dependent signal generator (at least 202 of Fig. 1 can be read as
the claimed generator) configured to generate a control current in response to activation of the
power amplifier enable signal, and a current amplifier (120 and/or 119 of Fig. 1 can be read as
the claimed amplifier) configured to generate the correction current by amplifying the control
current as seen/expected, meeting claims 6.

Regarding claim 8, Ref~619 discloses the mobile device of claim 6 wherein the
current amplifier is configured to receive the power amplifier enable signal as expected, meeting
claim 8.

Regarding claim 9, Ref~619 discloses the mobile device of claim 6 wherein the time-
dependent signal generator receives the power amplifier enable signal at an input (at based of
transistor 120) and generates the control current at an output (emitter of transistor 119 of Fig. 1),
the time-dependent signal generator including a capacitor (121 of Fig. 1) and a first resistor (162
of Fig. 1) electrically connected in a first electrical path from the input to the output as expected,

meeting claim 9.
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Regarding claim 10, Ref~619 discloses the mobile device of claim 9 wherein the time-
dependent signal generator further includes a second resistor (131 of Fig. 1) electrically
connected in a second electrical path from the input to the output as seen/expected, meeting
claim 10.

Regarding claims 14-17, 19 and 20, limitations from these claims can be rejected in the
same manner as described above in claims 1-6 and 8-10, since same features with similar
language are being presented here, in addition to the fact that it would have been obvious to
employ the claimed “integrated” circuit attached to the claimed “package substrate” as well-
known and/or widely-used in the field in order to at least minimize space and/or cost...etc.,

meeting claim 14-17, 19 and 20.

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 8-5.

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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which is a CON of 13/468,749 05/10/2012 PAT 8717101
which claims benefit of 61/486,186 05/13/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.
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If Required, Foreign Filing License Granted: 12/21/2016

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/377,842

Projected Publication Date: 03/30/2017
Non-Publication Request: No

Early Publication Request: No
Title

APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS
Preliminary Class
330
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.qov or call
+1-202-482-6800.

page 3 of 3

EX-1002 0251
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.



Doc Code: PA..

Document Description: Power of Altorney

Approved tor use through 113
US  Patent and Trademark Office;
Under the Paperwork Reduction Act of 1885, no persors are required te respond to & collection of information urilgss it ¢t

FTO/AIE2ZA (07-13)
4. OMB 3651-0081
T OF COMMERCE

FPAR

‘ays g valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE

REGISTERED PRACTITIONERS

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

Application Number 15/377.,842

Filing Date

December 13, 2016

First Named inventor

Ping Li

Title

APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

Art Unit

2842

Examiner Name

Unassigned

Attorney Docket Number | SKYWRKS 28003

SIGNATURE of Applicant or Patent Practitioner

Signature

{David Trossen/

Date {Optionatl)

December 14, 2016

Name

David Trossen

Registration
Number

58406

Title {if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity}

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4{d} for signature requirements and cartifications. i
more than one applicani, use mudtipls forms.

“Total of ] forms are submitted.

This coilection of infornation is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obiain or retain a benefit by
the public which is to file {and by the USFPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes {o complete, including gathering, preparing, and submitting the completed
apptication form to the USPTC. Time will vary dependirigy upon the individual case. Any cornments on the amuount of time you raguire
to compiete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Cfficer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1458, Alexandria, YA 22313-1458,

{f you necd assistance in compieting the fonm, caif 1-80

-FT0-3109 and select option 2.
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Doc Code: PA. PTOIMABZS (07-12)
N -13)
Docurment Description: Power of Altorney Approvest for use Hrough 130/2014. OMB 06510051

U.S. Patent and Trademark Office; U.S. DEPARTMENT #F COMMERCE
Linder the Papenvork Reduction &gt of 1995, no persons are required te respond 1o 3 ealiection of information uniess i dispirys a valid OB contiol numbse

POWER OF ATTORNEY BY APPLICANT

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

Application Number Fifing Date

{Note: The boxes above may be left blank if information is provided on form FTO/AIAEZA.)

{ hereby appoint the Patent Practitioner({s) associated with the following Customer Number as myfour attorney(s) or agent{s}, and
to tranaact all buainess in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal feter (form PTO/MABIA) OF IENtifer aBiowe: [~ by

|
or 20995 ;

m i hereby appoini Practitioner{s} named in the attached list {form PTO/AIAIBZC as myfniyr attorney(s) or agent(s}, and to transact
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached tranamittat letter (form PTO/AIAMBRA) or identified above. {Note: Compiete form FTOMAIABIC. )

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

The address asaociated with the above-mentioned Customer Number
I

m The address assaciated with Cusiomer Number:

Firm or
individual Name

Address

City | State i T

Country

Telephone | Email i

i am the Appiicant (if the Applicant i a juristic entity, list the Applicant name in the box):

Skyworks Solutions, Inc.

D inventor or Joint invenior {title not required below)

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

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

Person Who Otherwise Shows Sufficient Proprietary Interest {e.g., & petition under 37 CFR 1.48(b}{2) was granted in the
application okis copgurrently being filed with this document) (provide signer’s title if applicant is a juristic entity)

NEA /| SIGNATURE of Applicant for Patent
The undersigned (whes titlelis syppligd betow) is aufRdigey to 3e(Di) behalf of the applicant {e.g,, where the applicant is & juristic sntity).
Signature LI~ P L 2T WA N | Date (Optional} {(¥gask 7, 5odA
MName M Gonald Boliefia
Tide Chiaf Patent Counsel

NOTE: Signature ~ This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signahire requirements
and certifications, if more than one applicant, use multiple forms.

Total of 1 forms are submitted.

This collecton of information 8 requited by 37 CFR 1,121, 1.32, and 1.33. The information fs required i obtain of retain a benelit by the public which is 1o fie (and by the
USPTQ to process) an application. Conlidentiality s governaed by 38 U.S.C, 122 and 37 CFR 1.11 and 1.14. This collaction is estimaled {0 irke 3 minutes to complete,
including gathering, preparing, and submitting the completed appslication fom to the USPTO. Time will vary depanding upon the individual case. Any commends on the amount
oftime you requive 10 complels this form andior suggestions for reducing this burden, should be sent {o the Chisf Information Officer, U.S, Patent and Trademark Office, U.S.
Dapanment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SERND TO: Commissiones
for Patents, P.Q. Box 1480, Alexandsia, VA 22312-1480.

if you need sssistance in compleling the farm, caif -800-PT-818¢ and select opfion 2.
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Privacy Act Statement

The Privacy &ct of 1874 (P.L. 83-879) requires that you be given certain information in
connection with your submission of the attached form related 1o a patent application or patent.
Accordingly, pursuant {o 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 {0 process and/or examing your submission related
to a patent application or patent. if you do not furnish the requested information, the U8, Patent
and Trademark Office may not beg abie 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 o the following routine uses:

1. The information on this form will be treated confidentially o the extent allowed under the
Freedom of information Act (& U.8.C. 552) and the Privacy Act (5 U.8.C. 552a}. Records
from this system of records may be disciosead to the Department of Justice o determing
whether the Freadom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of

presenting evidence {0 a couri, magistrate, or administrative tribunal, including

disclosures (o opposing counsel in the course of setilement negotiations.

3. Arecord in this system of records may be disclosed, as a rouline use, {0 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. Arecord in this system of records may be disciosed, as a routine use, to a coniracior of
the Agency having need for the information in order o perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974,
as amendead, pursuantto 5 U.S.C. 552a{m}.

5. Arecord related {0 an International Application filed under the Patent Cooperation Treaty

in this system of records may be disclosed, as a routine use, {0 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}}.

7. Arecord from this system of records may be disclosed, as a routine use, o the
Administrator, General Services, or hisfher designee, during an inspection of records
conducted by GSA as part of that agency's responsibility {o recommend improvements in
records management practices and programs, under authority of 44 (1.5.C. 25804 and
2808, Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant {i.e., GEA 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 rouling 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, subjact o the
limitations of 37 CFR 1.14, as a routing use, to the public if the record was filed in an
application which became abandonead or in which the proceedings were terminated and
which application is referenced by either a published appiication, an application open to
public inspections or an issuad patent.

9. Arecord from this system of records may be disclosed, as a routine ussg, {o a Faderal,
Statg, or local law enforcement agency, if the USPTO becomes aware of a violation or
potential violation of law or reguiation.

N

-
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Docket No.: SKYWRKS.280C3 December 14, 2016
App. No.: 15/377.,842 Page 1 of 1

Please Direct All Correspondence to Customer Number 20995

RESCISSION OF ANY PRIOR DISCLAIMERS AND REQUEST TO REVISIT ART

Inventors :  Ping Lietal

App. No : 15/377,842

Filed :  December 13, 2016

For : APPARATUS AND METHODS FOR
BIASING OF POWER AMPLIFIERS

Examiner : Unassigned

Art Unit ;2842

Conf # ;1052

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

Dear Sir:

The claims of the present application are different and possibly broader in scope than the
claims pursued in the parent applications. To the extent any prior amendments or
characterizations of the scope of any claim or referenced art could be construed as a disclaimer of
any subject matter supported by the present disclosure, Applicant hereby rescinds and retracts
such disclaimer. Accordingly, the references previously considered in the parent applications
may need to be re-visited.

Please charge any additional fees, including any fees for additional extension of time, or
credit overpayment to Deposit Account No. 11-1410.

Knobbe, Martens, Olson & Bear, LLP
Respectfully submitted,

Dated: December 14, 2016 /David Trossen/
David Trossen
Registration No. 59,406
Attorney of Record
Customer No. 20995
(415) 954-4114
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Electronic Acknowledgement Receipt

EFSID: 27795692
Application Number: 15377842
International Application Number:
Confirmation Number: 1052

Title of Invention:

APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

First Named Inventor/Applicant Name:

Ping Li

Customer Number:

20995

Filer:

David R. Trossen/ThuyQuyen Nguyen

Filer Authorized By:

David R. Trossen

Attorney Docket Number: SKYWRKS.280C3
Receipt Date: 14-DEC-2016
Filing Date:
Time Stamp: 16:47:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no

File Listing:

D t o . File Size(Byt Multi P
ocumen Document Description File Name ile Size( )(es)/ " I. . ages
Number Message Digest Part/.zip| (ifappl.)

159682
1 Power of Attorney POA_SKYWRKS-280C3.pdf no 3
8a538cb053deebb1e4846fe981113a90c71
328bd
Warnings:
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Information:

14826
2 Miscellaneous Incoming Letter Resass|on_SKZ¥VRKS-280C3. no 1
p 29c3b98b883800f2aad 97 f2a4470d 2f7 ee4 |
b2c6
Warnings:
Information:
Total Files Size (in bytes); 174508

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 applicationis 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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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

) ) Attorney Docket Number | SKYWRKS.280C3
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor 1 l@

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| Pre | E | I
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | Punstable State/Province I 'VIA Country of Residencé | s

Mailing Address of Inventor:

Address 1 1 Adams Street

Address 2

City ‘ IDunstabIe I State/Province | FVIA

Postal Code | ’01827 | Country i | |US

Inventor 2 ’E

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| B Paul 'T DiCarlo | E]
Residence Information (Select One) (#) US Residency Non US Residency Active US Military Service

City | Marlborough State/Province I 'VlA Country of Residencé JS

Mailing Address of Inventor:

Address 1 9 Miele Road

Address 2

City | [Mariborough | state/Province | NA

Postal Code I ,01752 | Countryi I [US

All Inventor§ Must_ Be Listed - Additional Inventor Information blocks may be [T_]
generated within this form by selecting the Add button.

Correspondence Information:

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

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. OMB 0651-0032

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

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

Attorney Docket Number | SKYWRKS.280C3

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

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

Customer Number 0995

Email Address efiling@knobbe.com [ | AddEmail | [Remove Email

Application Information:

Title of the Invention I‘\PPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

Attorney Docket Number [SKYWRKS.ZBOCB Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter Utility -
Total Number of Drawing Sheets (if any) 7 Suggested Figure for Publication (if any) | #

Filing By Reference:

Only complete this section when filing an application by reference under35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

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

i
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

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

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

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

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Customer Number D0995

EFS Web 2.2.12
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

SKYWRKS.280C3

Application Number

Title of Invention

APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

by selecting the Add button.

Prior Application Status | Pending - [ Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of v 14/825053 P01 5-08-12
Prior Application Status | Patented - [ Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
141825053 [Continuation of [+] 141242150 po14-04-01 b136803 p015-09-15
Prior Application Status | Patented - [ Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
41242150 [Continuation of (] [13/468749 p012-05-10 B717101 po14-05-06
Prior Application Status | [Expired - [ Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
3/468749 Claims benefit of provisional ~J 61/486186 Pm 1-05-13
Additional Domestic Benefit/National Stage Data may be generated within this form Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Countryi

Remove

Filing Date (YYYY-MM-DD) Access Code (if applicable)

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

Add button.

(A ]

EFSWeb2.2.12

EX-1002 0260

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



PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

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

. ) Attorney Docket Number | SKYWRKS.280C3
Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention

APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

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

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

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Authorization or Opt-Out of Authorization to Permit Access:

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

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

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannotbe used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

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

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

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

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

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

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

Applicant |1 [_Remove

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

identified in this section.
’ Clear

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

t

Name of the Deceased or Legally Incapacitated Inventor: ‘

If the Applicant is an Organization check here. X

Organization Name | k5 y\wORKS SOLUTIONS, INC.

Mailing Address Information For Applicant:

Address 1 0 Sylvan Road

Address 2

City Woburn State/Province MA
Country | s Postal Code 01801
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Assignee [1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

[ Remove
If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

] | N

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

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

Signature: Remove

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

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

Signature [/David Trossen/ Date (YYYY-MM-DD)| 2016-12-13
First Name Pavid Last Name ‘ ’Trossen Registration Number | (59406
Additional Signature may be generated within this form by selecting the Add button. __Add :|
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This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related toa 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(5US.C. 552a). Recordsfrom this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord 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 Arecord 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.  Arecord 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, pursuantto 5 U.S.C.
552a(m).

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

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

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/herdesignee, 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.  Arecordfrom 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, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9.  Arecord from this system of records may be disclosed, as a routineuse, 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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the Atomic Energy Act {42 U.2.C. 218{x)).
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APPARATUS AND METHODS FOR BIASING OF POWER AMPLIFIERS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Patent Application No.
14/825,053, filed August 12, 2015 titled “APPARATUS AND METHODS FOR POWER
AMPLIFIER BIASING,” which is a continuation of U.S. Patent Application No. 14/242,150,
filed April 1, 2014, titled “APPARATUS AND METHODS FOR BIASING A POWER
AMPLIFIER,” which is a continuation of U.S. Patent Application No. 13/468,749, filed May
10, 2012, titled “APPARATUS AND METHODS FOR BIASING POWER AMPLIFIERS,”
which claims the benefit of priority under 35 U.S.C. § 119(e) of U.S. Provisional Patent
Application No. 61/486,186, filed May 13, 2011 titled “APPARATUS AND METHODS
FOR BIASING POWER AMPLIFIERS,” each of which are herein incorporated by reference

in their entireties.

BACKGROUND
Field
[0002] Embodiments of the invention relate to electronic systems, and in

particular, to radio frequency (RF) electronics.

Description of the Related Technology

[0003] RF power amplifiers can be used to boost the power of a RF signal having
a relatively low power. Thereafter, the boosted RF signal can be used for a variety of
purposes, included driving the antenna of a transmitter.

[0004] Power amplifiers can be included in mobile phones to amplify a RF signal
for transmission. For example, in mobile phones that communicate using a wireless local
area network (WLAN) protocol and/or any other suitable communication standard, a power
amplifier can be used to amplify the RF signal. It can be important manage the amplification
of a RF signal, as amplifying the RF signal to an incorrect power level can cause a wireless

device to transmit out of band.
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[0005] There is a need for improved power amplifier systems. Furthermore, there

is a need for improving power amplifier biasing.

SUMMARY

[0006] In certain embodiments, the present disclosure relates to a power amplifier
system including a power amplifier configured to amplify a radio frequency (RF) signal and a
bias block for biasing the power amplifier. The bias block includes a time dependent signal
generator configured to shape an enable signal of the power amplifier to generate a control
current, a current amplifier configured to amplify the control current to generate a correction
current, and a primary biasing circuit configured to generate a bias current for the power
amplifier based at least partly on the correction current. The bias current is configured to
correct for a variation in gain of the power amplifier when the power amplifier is enabled.

[0007] In several embodiments, the time dependent signal generator includes a
resistor-capacitor (RC) network. In accordance with a number of embodiments, the RC
network includes a first resistor and a first capacitor electrically connected in series between
the current amplifier and an input of the bias circuit configured to receive the enable signal.
In several embodiments, the RC network further includes a second resistor having a first end
electrically connected to the input of the current mirror and a second end electrically
connected to the input of the bias circuit configured to receive the enable signal.

[0008] According to certain embodiments, the second resistor has a resistance
ranging between about 10 k€ and about 100 kQ., the first capacitor has a capacitance ranging
between about 10 pF and about 100 pF, and the first resistor has a resistance ranging between
about 10 kQ and about 100 kQ.

[0009] In a number of embodiments, the current amplifier includes a current
mirror. In several embodiments, the current mirror includes a first bipolar transistor and a
second bipolar transistor, the first bipolar transistor including an emitter electrically
connected to an emitter of the second bipolar transistor and to a power low voltage, and a
collector electrically connected to a base of the first bipolar transistor and to a base of the
second bipolar transistor, the collector of the first bipolar transistor configured to receive at

least a portion of the control current. In certain embodiments, the current mirror further
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includes a resistor, a third bipolar transistor and a fourth bipolar transistor, the third bipolar
transistor including an emitter electrically connected to an emitter of the fourth bipolar
transistor and to the power low voltage, and a collector electrically connected to a first end of
the resistor, to the collector of the second bipolar transistor, to a base of the third bipolar
transistor, and to a base of the fourth bipolar transistor, the collector of the fourth bipolar
transistor configured to generate the compensation current. In several embodiments, the
resistor further includes a second end configured to receive the enable signal.

[0010] According to some embodiments, the power amplifier system further
includes a transceiver for providing the RF signal to the power amplifier.

[0011] In a number of embodiments, the power amplifier includes a bipolar
transistor having an emitter, a base and a collector, the base configured to receive the RF
signal and the bias current. In certain embodiments, the emitter is electrically connected to a
power low voltage and the collector is configured to generate an amplified version of the RF
signal.

[0012] In several embodiments, the primary bias circuit includes a first resistor, a
second resistor, a first bipolar transistor, and a second bipolar transistor, the first resistor
including a first end electrically connected to the emitter of the first bipolar transistor at a
node configured to receive the correction current, and a second end electrically connected to a
first end of the second resistor at a node of the bias circuit configured to receive the enable
signal, the second resistor including a second end electrically connected to a collector of the
first bipolar transistor, a base of the first bipolar transistor, and to a base of the second bipolar
transistor. According to certain embodiments, the second bipolar transistor includes a
collector electrically connected to a battery voltage and an emitter configured to generate the
bias current. In a number of embodiments, the primary bias circuit further includes a third
bipolar transistor having an emitter electrically connected to the power low voltage and a
base and a collector electrically connected to the emitter of the first bipolar transistor.

[0013] In certain embodiments, the present disclosure relates to a method of
biasing a power amplifier. The method includes shaping an enable signal using a time-
dependent signal generator to generate a control current, amplifying the control current using

a current amplifier to generate a correction current, and generating a bias current for a power
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amplifier using a primary biasing circuit, the primary biasing circuit configured to use the
correction current to correct for a variation in gain of the power amplifier when the power
amplifier is enabled.

[0014] In a number of embodiments, shaping the enable signal includes using a
resistor capacitor (RC) network of the time dependent signal generator. In some
embodiments, the RC network includes a first resistor and a first capacitor electrically
connected in series, the RC network configured to receive the enable signal and to generate
the control current.

[0015] In several embodiments, amplifying the control current further includes
amplifying the control current using a current mirror of the current amplifier.

[0016] In accordance with a number of embodiments, generating the bias current
includes shaping the bias current so as to compensate for a gain variation of a heterojunction
bipolar transistor (HBT).

[0017] In certain embodiments, the present disclosure relates to a bias circuit for
biasing a power amplifier. The bias circuit includes a time dependent signal generator
configured to shape an enable signal of the power amplifier to generate a control current, a
current amplifier configured to amplify the control current to generate a correction current,
and a primary biasing block configured to generate a bias current for the power amplifier
based at least partly on the correction current. The bias current is configured to correct for a
variation in gain of the power amplifier when the power amplifier is enabled.

[0018] In several embodiments, the time dependent signal generator includes a
resistor-capacitor (RC) network. In a number of embodiments, the RC network includes a
first resistor and a first capacitor electrically connected in series between the current amplifier
and an input of the bias circuit configured to receive the enable signal.

[0019] In accordance with certain embodiments, the current amplifier includes a
current mirror.

[0020] In several embodiments, the primary bias block includes a first resistor, a
second resistor, a first bipolar transistor, and a second bipolar transistor, the first resistor
including a first end electrically connected to the emitter of the first bipolar transistor at a

node configured to receive the correction current, and a second end electrically connected to a
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first end of the second resistor at a node of the bias circuit configured to receive the enable
signal, the second resistor including a second end electrically connected to a collector of the
first bipolar transistor, a base of the first bipolar transistor, and to a base of the second bipolar
transistor. In a number of embodiments, the second bipolar transistor includes a collector
electrically connected to a battery voltage and an emitter configured to generate the bias

current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a schematic diagram of a power amplifier module for
amplifying a radio frequency (RF) signal.

[0022] Figure 2 is a schematic block diagram of an example wireless device that
can include one or more of the power amplifier modules of Figure 1.

[0023] Figure 3A is a schematic block diagram of one example of a power
amplifier system.

[0024] Figure 3B is a schematic block diagram of another example of a power
amplifier system.

[0025] Figure 4 is a schematic block diagram of one example of a power amplifier
system including a power amplifier bias block according to one embodiment.

[0026] Figure 5 is a circuit diagram of a power amplifier bias block according to
one embodiment.

[0027] Figure 6 is a graph of one example of collector current versus time.

[0028] Figure 7A is a graph of one example of dynamic error vector magnitude
(EVM) versus output power.

[0029] Figure 7B is a graph of another example of dynamic EVM versus output
power.

[0030] Figure 8 is a flow chart illustrating a method for biasing a power amplifier
in accordance with one embodiment.

[0031] Figure 9 is a circuit diagram of a time-dependent signal generator in

accordance with one embodiment.
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[0032] Figure 10A is a schematic diagram of one example of a packaged power
amplifier module.
[0033] Figure 10B is a schematic diagram of a cross-section of the packaged

power amplifier module of Figure 10A taken along the lines 10B-10B.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] The headings provided herein, if any, are for convenience only and do not
necessarily affect the scope or meaning of the claimed invention.

[0035] Apparatus and methods for biasing power amplifiers are disclosed herein.
In certain implementations, a power amplifier and a power amplifier bias block are provided.
The power amplifier can be used to amplify a radio frequency (RF) signal for transmission,
and the power amplifier bias block can be used to bias the power amplifier. The power
amplifier bias block can receive an enable signal that can be used to enable or disable the
power amplifier so as to pulse the power amplifier’s output.

[0036] In certain implementations, the power amplifier bias block includes a
primary biasing circuit and a gain correction block including a time-dependent signal
generator and a current amplifier. The time-dependent signal generator or control block can
be used to shape the enable signal so as to generate a control current, which can be amplified
by the current amplifier to generate a correction current. The power amplifier bias block can
generate a bias current for the power amplifier using the primary biasing circuit and the
correction current. The correction current can be used to adjust the magnitude of the bias
current so as to compensate for a variation in gain of the power amplifier over time when the
power amplifier is transitioned from a disabled state to an enabled state. For example, shortly
after a power amplifier is enabled, absent compensation the current of a primary biasing
circuit can come up slow due to thermal effects, and the power amplifier’s gain can be low.
By including the time-dependent signal generator and the current amplifier, a current boost
can be provided to the power amplifier so as to provide the power amplifier with a
substantially flat gain response versus time. Correcting for gain variation in the power
amplifier can improve the power amplifier’s performance, including, for example, the power

amplifier’s dynamic error vector magnitude (EVM).
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Overview of Power Amplifier Systems

[0037] Figure 1 is a schematic diagram of a power amplifier module 10 for
amplifying a radio frequency (RF) signal. The illustrated power amplifier module (PAM) 10
can be configured to amplify an RF signal RF_IN to generate an amplified RF signal
RF_OUT. As described herein, the power amplifier module 10 can include one or more
power amplifiers, including, for example, multi-stage power amplifiers.

[0038] Figure 2 is a schematic block diagram of an example wireless or mobile
device 11 that can include one or more of the power amplifier modules of Figure 1. The
wireless device 11 can include power amplifier bias circuits implementing one or more
features of the present disclosure.

[0039] The example wireless device 11 depicted in Figure 2 can represent a
multi-band and/or multi-mode device such as a multi-band/multi-mode mobile phone. In
certain embodiments, the wireless device 11 can include switches 12, a transceiver 13, an
antenna 14, power amplifiers 17, a control component 18, a computer readable medium 19, a
processor 20, and a battery 21.

[0040] The transceiver 13 can generate RF signals for transmission via the
antenna 14. Furthermore, the transceiver 13 can receive incoming RF signals from the
antenna 14.

[0041] It will be understood that various functionalities associated with the
transmission and receiving of RF signals can be achieved by one or more components that are
collectively represented in Figure 2 as the transceiver 13. For example, a single component
can be configured to provide both transmitting and receiving functionalities. In another
example, transmitting and receiving functionalities can be provided by separate components.

[0042] Similarly, it will be understood that various antenna functionalities
associated with the transmission and receiving of RF signals can be achieved by one or more
components that are collectively represented in Figure 2 as the antenna 14. For example, a
single antenna can be configured to provide both transmitting and receiving functionalities.

In another example, transmitting and receiving functionalities can be provided by separate
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antennas. In yet another example, different bands associated with the wireless device 11 can
be provided with different antennas.

[0043] In Figure 2, one or more output signals from the transceiver 13 are
depicted as being provided to the antenna 14 via one or more transmission paths 15. In the
example shown, different transmission paths 15 can represent output paths associated with
different bands and/or different power outputs. For instance, the two example power
amplifiers 17 shown can represent amplifications associated with different power output
configurations (e.g., low power output and high power output), and/or amplifications
associated with different bands. Although Figure 2 illustrates a configuration using two
transmission paths 15, the wireless device 11 can be adapted to include more or fewer
transmission paths 15.

[0044] The power amplifiers 17 can be used to amplify a wide variety of RF
signals. For example, one or more of the power amplifiers 17 can receive an enable signal
that can be used to pulse the output of the power amplifier to aid in transmitting a wireless
local area network (WLAN) signal or any other suitable pulsed signal. Each of the power
amplifiers 17 need not amplify the same type of signal. For example, one power amplifier
can amplify a WLAN signal, while another power amplifier can amplify, for example, a
Global System for Mobile (GSM) signal, a code division multiple access (CDMA) signal, a
W-CDMA signal, a Long Term Evolution (LTE) signal, or an EDGE signal.

[0045] One or more features of the present disclosure can be implemented in the
foregoing example modes and/or bands, and in other communication standards.

[0046] In Figure 2, one or more detected signals from the antenna 14 are depicted
as being provided to the transceiver 13 via one or more receiving paths 16. In the example
shown, different receiving paths 16 can represent paths associated with different bands.
Although Figure 2 illustrates a configuration using four receiving paths 16, the wireless
device 11 can be adapted to include more or fewer receiving paths 16.

[0047] To facilitate switching between receive and transmit paths, the switches 12
can be configured to electrically connect the antenna 14 to a selected transmit or receive path.
Thus, the switches 12 can provide a number of switching functionalities associated with an

operation of the wireless device 11. In certain embodiments, the switches 12 can include a
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number of switches configured to provide functionalities associated with, for example,
switching between different bands, switching between different power modes, switching
between transmission and receiving modes, or some combination thereof. The switches 12
can also be configured to provide additional functionality, including filtering and/or
duplexing of signals.

[0048] Figure 2 shows that in certain embodiments, a control component 18 can
be provided for controlling various control functionalities associated with operations of the
switches 12, the power amplifiers 17, and/or other operating component(s). Non-limiting
examples of the control component 18 are described herein in greater detail.

[0049] In certain embodiments, a processor 20 can be configured to facilitate
implementation of various processes described herein. For the purpose of description,
embodiments of the present disclosure may also be described with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer program
products. It will be understood that each block of the flowchart illustrations and/or block
diagrams, and combinations of blocks in the flowchart illustrations and/or block diagrams,
may be implemented by computer program instructions. These computer program
instructions may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that
the instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the acts specified in the flowchart
and/or block diagram block or blocks.

[0050] In certain embodiments, these computer program instructions may also be
stored in a computer-readable memory 19 that can direct a computer or other programmable
data processing apparatus to operate in a particular manner, such that the instructions stored
in the computer-readable memory produce an article of manufacture including instruction
means which implement the acts specified in the flowchart and/or block diagram block or
blocks. The computer program instructions may also be loaded onto a computer or other
programmable data processing apparatus to cause a series of operations to be performed on
the computer or other programmable apparatus to produce a computer implemented process

such that the instructions that execute on the computer or other programmable apparatus
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provide steps for implementing the acts specified in the flowchart and/or block diagram block
or blocks.

[0051] The battery 21 can be any suitable battery for use in the wireless device 11,
including, for example, a lithium-ion battery.

[0052] Figure 3A is a schematic block diagram of one example of a power
amplifier system 26. The illustrated power amplifier system 26 includes the switches 12, the
antenna 14, the battery 21, a directional coupler 24, a power amplifier bias block 30, a power
amplifier 32, and a transceiver 33. The illustrated transceiver 33 includes a baseband
processor 34, an I/Q modulator 37, a mixer 38, and an analog-to-digital converter (ADC) 39.

[0053] The baseband signal processor 34 can be used to generate an I signal and a
Q signal, which can be used to represent a sinusoidal wave or signal of a desired amplitude,
frequency, and phase. For example, the I signal can be used to represent an in-phase
component of the sinusoidal wave and the Q signal can be used to represent a quadrature
component of the sinusoidal wave, which can be an equivalent representation of the
sinusoidal wave. In certain implementations, the I and Q signals can be provided to the I/Q
modulator 37 in a digital format. The baseband processor 34 can be any suitable processor
configured to process a baseband signal. For instance, the baseband processor 34 can include
a digital signal processor, a microprocessor, a programmable core, or any combination
thereof. Moreover, in some implementations, two or more baseband processors 34 can be
included in the power amplifier system 26.

[0054] The 1/Q modulator 37 can be configured to receive the I and Q signals
from the baseband processor 34 and to process the I and Q signals to generate a RF signal.
For example, the I/Q modulator 37 can include DACs configured to convert the I and Q
signals into an analog format, mixers for upconverting the I and Q signals to radio frequency,
and a signal combiner for combining the upconverted I and Q signals into a RF signal
suitable for amplification by the power amplifier 32. In certain implementations, the I/Q
modulator 37 can include one or more filters configured to filter frequency content of signals
processed therein.

[0055] The power amplifier bias block 30 can receive an enable signal ENABLE

from the baseband processor 34 and a battery or power high voltage V¢ from the battery 21,
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and can use the enable signal ENABLE to generate a bias current Ipjas for the power
amplifier 32. Although Figure 3A illustrates the battery 21 directly generating the power
high voltage V¢, in certain implementations the power high voltage Vcc can be a regulated
voltage generated by a regulator that is electrically powered using the battery 21. The power
amplifier 32 can receive the RF signal from the I/Q modulator 37 of the transceiver 33, and
can provide an amplified RF signal to the antenna 14 through the switches 12.

[0056] The directional coupler 24 can be positioned between the output of the
power amplifier 32 and the input of the switches 12, thereby allowing an output power
measurement of the power amplifier 32 that does not include insertion loss of the
switches 12. The sensed output signal from the directional coupler 24 can be provided to the
mixer 38, which can multiply the sensed output signal by a reference signal of a controlled
frequency so as to downshift the frequency content of the sensed output signal to generate a
downshifted signal. The downshifted signal can be provided to the ADC 39, which can
convert the downshifted signal to a digital format suitable for processing by the baseband
processor 34. By including a feedback path between the output of the power amplifier 32 and
the baseband processor 34, the baseband processor 34 can be configured to dynamically
adjust the I and Q signals to optimize the operation of the power amplifier system 26. For
example, configuring the power amplifier system 26 in this manner can aid in controlling the
power added efficiency (PAE) and/or linearity of the power amplifier 32.

[0057] Figure 3B is a schematic block diagram of another example of a power
amplifier system 60. The illustrated power amplifier system 60 includes a power amplifier
bias block 40, the battery 21, the power amplifier 32, an inductor 62, a first capacitor 63, a
second capacitor 42, an impedance matching block 64, the switches 12, and the antenna 14.

[0058] The illustrated power amplifier 32 includes a bipolar transistor 61 having
an emitter, a base, and a collector. The emitter of the bipolar transistor 61 can be electrically
connected to a first or power low voltage V;, which can be, for example, ground, and a radio
frequency input signal RF_IN can be provided to the base of the bipolar transistor 61 through
the first capacitor 42. The bipolar transistor 61 can amplify the RF input signal RF_IN and

provide the amplified RF signal at the collector. The bipolar transistor 61 can be any suitable
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device. In one implementation, the bipolar transistor 61 is a heterojunction bipolar
transistor (HBT).

[0059] The power amplifier 32 can be configured to provide the amplified RF
signal to the switches 12. The impedance matching block 64 can be used to aid in
terminating the electrical connection between the power amplifier 32 and the switches 12.
For example, the impedance matching block 64 can be used to increase power transfer and/or
reduce reflections of the amplified RF signal.

[0060] The inductor 62 can be included to aid in electrically powering the power
amplifier 32 with the power high voltage V¢ from the battery 21 while choking or blocking
high frequency RF signal components.. The inductor 62 can include a first end electrically
connected to the power high voltage Vcc and a second end electrically connected to the
collector of the bipolar transistor 61. The first or decoupling capacitor 63 is electrically
connected between the power high voltage Ve and the power low voltage V) and can
provide a low impedance path to high frequency signals, thereby reducing the noise of the
power high voltage Ve improving power amplifier stability, and/or improving the
performance of the inductor 62 as a RF choke.

[0061] The power amplifier bias block 40 is configured to receive an enable
signal ENABLE and the battery or power high voltage Vcc. The power amplifier bias block
40 can use the enable signal ENABLE and the battery voltage V¢c to generate a bias current
Igias for biasing the power amplifier 32. For example, as illustrated in Figure 3B, the power
amplifier bias block 40 can be used to generate a bias current Igas that can be used to bias the
base of the bipolar transistor 61 of the power amplifier 32. The power amplifier bias
block 40 can use the enable signal ENABLE to control or vary a magnitude of the bias
current Igjas so as to enable or disable the power amplifier and thereby pulse the power
amplifier’s output. For example, when the enable signal ENABLE indicates the power
amplifier 32 should be activated, the power amplifier bias block 40 can change the amplitude
of the bias current Igjag so as to achieve a desired gain of the power amplifier 32. Similarly,
when the enable signal ENABLE indicates that the power amplifier 32 should be deactivated,
the power amplifier bias block 40 can decrease the bias current Igjag such that the gain of the

power amplifier 32 is equal to about 0.

-12-

EX-1002 0281
Kangxi Communication Technologies (Shanghai) Co., Ltd. v. Skyworks Solutions, Inc.



SKYWRKS.280C3 PATENT

[0062] Although Figure 3B illustrates one implementation of the power
amplifier 32, skilled artisans will appreciate that the teachings described herein can be
applied to a variety of power amplifier structures, including, for example, multi-stage power

amplifier structures and/or power amplifiers employing other transistor structures.

Overview of Power Amplifier Bias Circuits

[0063] In certain implementations described herein, a power amplifier bias block
includes a primary biasing circuit and a gain correction block including a time-dependent
signal generator and a current amplifier. The time-dependent signal generator can be used to
shape the enable signal of the power amplifier so as to generate a control current, which can
be amplified by the current amplifier to generate a correction current. The primary biasing
circuit can use the correction current to correct for a variation in gain of the power amplifier
that can occur shortly after the power amplifier is enabled. Compensating for gain variation
in the power amplifier can improve the power amplifier’s performance, including, for
example, the power amplifier’s dynamic error vector magnitude (EVM).

[0064] Including both the current amplifier and the time-dependent signal
generator can permit the power amplifier bias block to be included on-die with the power
amplifier. For example, by amplifying the control current generated by the time-dependent
signal generator, the magnitude of the components of the time-dependent signal generator can
be reduced to a size suitable for on-chip integration. In certain implementations, the
time-dependent signal generator can include a resistor-capacitor (RC) network, and the
current amplifier can be used to amplify the control current so as to reduce a magnitude of the
resistor and/or capacitor needed to generate a suitable correction current, thereby permitting
the time-dependent signal generator to be integrated on-chip with the power amplifier.

[0065] Figure 4 is a schematic block diagram of one example of a power amplifier
system 70 including a power amplifier bias block 50 according to one embodiment. The
illustrated power amplifier system 70 includes the power amplifier bias block 50, the
battery 21, and the power amplifier 32. The power amplifier 32 can be a single or multi-stage
power amplifier, and in certain implementations can be similar to the power amplifier 32

described above with reference to Figure 3B. The battery 21 can be any suitable battery, such
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as a lithium-ion battery, and be used to provide the battery or power high voltage V¢ to the
power amplifier bias block 50 and to the power amplifier 32. The power amplifier bias
block 50 and the power amplifier 32 can be integrated on a single die with one or more other
components to form a packaged power amplifier module, which can be, for example,
mounted to a RF circuit board associated with the wireless device 11 of Figure 2.

[0066] The power amplifier bias block 50 includes a gain correction block 71 and
a primary biasing circuit 74. The gain correction block 71 includes a time-dependent signal
generator or control block 72 and a current amplifier 73. The power amplifier bias block 50
can receive an enable signal ENABLE, and use the enable signal ENABLE to generate a bias
current Igjag using charge stored on the battery 21. The bias current Igjag can be provided to,
for example, a base of a bipolar transistor of the power amplifier 32, as was described earlier.

[0067] The enable signal ENABLE can be used to control the power amplifier 32
so as to pulse the output of the power amplifier 32. For example, when the power
amplifier 32 is configured to transmit a WLAN signal, the enable signal ENABLE can be
selectively controlled so as to pulse the output of the power amplifier 32.

[0068] The power amplifier 32 can be configured to operate in a relatively noisy
environment. For example, a die including the power amplifier 32 and the power amplifier
bias block 50 can be provided in an electronic system that includes other electronic
components including other power amplifiers, such as power amplifiers amplifying GSM
and/or EDGE signals. These electronic components can cause noise on the power high
voltage Vce. Additionally, the power amplifier 32 can also be exposed to other non-ideal
operation conditions. For example, the power amplifier 32 and the power amplifier bias
block 50 can be exposed to a thermal gradient, and thus can be at different operating
temperatures. Furthermore, the level of the power high voltage V¢ can vary depending on a
charge of the device that the power amplifier 32 and the power amplifier bias block 50 are
used in. The power amplifier bias block 50 can be used to compensate for a gain variation of
the power amplifier 32 arising from these sources, as well as from other sources.

[0069] The power amplifier bias block 50 includes the time-dependent signal
generator 72, which can be used to generate a control current Icontror When the enable signal

ENABLE is transitioned from a disabled state to an enabled state. The control current
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IconTorL can be provided to the current amplifier 73, which can amplify the control current
IcontrOL tO generate a correction current Icorrection. The correction current IcorrecTiON Can
be used by the primary biasing circuit 74 to correct for a variation in gain over time that can
occur shortly after the power amplifier 32 is enabled. For example, shortly after the power
amplifier 32 is enabled, absent compensation the current of the primary biasing circuit 74 can
come up slow due to thermal effects, and the gain of the power amplifier 32 can be low. By
using the time-dependent signal generator 72 and the current amplifier 73 to provide a
transient current boost to the power amplifier 32 after being enabled, the power amplifier 32
can be configured to have a substantially constant gain over time.

[0070] By including the current amplifier 73 to amplify the control current
IcontroL generated by the time-dependent signal generator 72, the magnitude of the
components of the time-dependent signal generator 72 can be reduced. For example, the
current amplifier 73 can be used to amplify the control current IcontroL SO as to reduce a size
of a component of the time-dependent signal generator 72 needed to generate a correction
current with correct time constant, thereby permitting the time-dependent signal generator to
be integrated on-chip with the power amplifier 32.

[0071] The primary bias circuit 74 can be configured to generate a relatively
constant bias current output that can be adjusted by the correction current Icorrecrion to
correct for a variation in gain of the power amplifier 32 that can occur shortly after the power
amplifier 32 is enabled. In certain implementations, the primary bias circuit 74 can be a
conventional bias circuit that is modified such that the output of the bias circuit is adjusted
based on the amplitude of the correction current IcorrecTion. Additional detail of the primary
bias circuit 74 can be as described later below.

[0072] Figure 5 is a circuit diagram of a power amplifier bias block 80 according
to one embodiment. The power amplifier bias block 80 includes a resistor-capacitor (RC)
network 82, a current mirror 83, and a primary bias circuit 84. The RC network 82 operates
as a time-dependent signal generator and the current mirror 83 operates as a current amplifier.
The power amplifier bias block 80 is configured to receive an enable signal ENABLE and a

battery or power high voltage V¢, and to generate a bias current Ipjas.
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[0073] The RC network 82 includes a first resistor 91, a second resistor 92, and a
capacitor 90. The first resistor 91 includes a first end electrically connected to a first end of
the capacitor 90 at an input of the RC network 82 configured to receive the enable signal
ENABLE. The first resistor 91 further includes a second end electrically connected to a first
end of the second resistor 92 at an output of the RC network 82 configured to provide the
control current Icontror to the current mirror 83. The second resistor 92 further includes a
second end electrically connected to a second end of the capacitor 90.

[0074] The RC network 82 can be used to shape the enable signal ENABLE so as
to generate the control current IgontroL. For example, the capacitor 90 and the second
resistor 92 can have an RC time-constant selected to achieve the desired shape of the control
current IcontroL. The RC time-constant can be selected based on a system parameter of the
electronic system that the power amplifier bias block 80 is used in, including, for example, a
transition time of the enable signal ENABLE. In certain implementations, the time-constant
of the second resistor 92 and the capacitor 90 is in the range of about 0.1 us to about 10 s,
for example, about 1 LLs.

[0075] In certain implementations, the capacitor 90 has a capacitance ranging
between about 10 pF to about 50 pF, for example, about 25 pF. The second resistor 92 can
have any suitable resistance, including, for example, a resistance in the range of about 10 kQ
to about 100 k€, for example, about 50 k€. Although one implementation of the
capacitor 90 and the second resistor 92 is illustrated, other configurations are possible. For
example, the order of the second resistor 92 and the capacitor 90 in the series combination of
the second resistor 92 and the capacitor 90 can be reversed. The first resistor 91 can have any
suitable value, including, for example, a resistance in the range of about 1 kQ to about
20 kQ, for example, about 10 kQ. In certain implementations, such as the implementation
shown in Figure 9, the first resistor 91 can be omitted.

[0076] To aid in reducing the area of the RC network 82, the current mirror 83
can be used to amplify the control cwrent IcontroL tO generate the correction current
Icorrection. Thus, the amplifier 83 can be used to obtain a correction current Icorrection Of a
suitable magnitude, while reducing the size of the components of the RC network 82 relative

to a scheme omitting a current amplifier. By amplifying the control current IconTroL in this
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manner, the power amplifier bias block 80 can be integrated on-chip with a power amplifier
without having to use a relatively large resistor, which may not provide enough current
variation to provide suitable gain compensation.

[0077] The illustrated current mirror 83 includes a first NPN bipolar transistor 85,
a second NPN bipolar transistor 86, a third NPN bipolar transistor 87, a fourth NPN bipolar
transistor 88, and a resistor 89. The first NPN bipolar transistor 85 includes an emitter
electrically connected to the first or power low voltage V,, which can be, for example,
ground, and a base and a collector electrically connected to a base of the second NPN bipolar
transistor 86 at an input of the current mirror 83 configured to receive the control current
IcontroL- The second NPN bipolar transistor 86 further includes an emitter electrically
connected to the power low voltage V|, and a collector electrically connected to a first end of
the resistor 89, to a base of the fourth NPN bipolar transistor 88, and to a base and a collector
of the third NPN bipolar transistor 87. The third and fourth NPN bipolar transistors 87, 88
each include an emitter electrically connected to the power low voltage V. The resistor 89
includes a second end configured to receive the enable signal ENABLE. The fourth NPN
bipolar transistor 88 further includes a collector configured to generate the correction current
IcorrECTION-

[0078] The resistor 89 can have any suitable resistance, including, for example, a
resistance selected based on the voltage level of power amplifier enable signal ENABLE
and/or system requirements. In certain implementations, the resistor 89 has a resistance
ranging between about 10 kQ to about 50 kQ, for example, about 20 kQ. By electrically
connected the second end of the resistor 89 to the enable signal ENABLE, the power
consumption of the power amplifier bias block 80 can be reduced when the enable signal
ENABLE is low. However, in other implementations, the current mirror 83 can be
configured in other ways.

[0079] The current mirror 83 can have any suitable gain. In one implementation,
the current mirror 83 is configured to amplify the control current IconTtrOL by a factor ranging
between about 5 to about 50, for example, about 10. As used herein, the term current mirror
can refer to current amplification circuits including a plurality of current mirrors combined

(e.g., cascaded) to achieve a target gain.
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[0080] The primary bias circuit 84 can be used to generate a bias current Igag for
a power amplifier, such as the power amplifier 32 of Figure 4. The illustrated primary bias
circuit 84 includes a first resistor 96, a second resistor 97, a first NPN bipolar transistor 93, a
second NPN bipolar transistor 94 and a third NPN bipolar transistor 95. The first resistor 96
includes a first end electrically connected to a first end of the second resistor 97 at an input of
the primary bias circuit 84 configure to receive the enable signal ENABLE. The first
resistor 96 further includes a second end electrically connected to an emitter of the second
NPN bipolar transistor 94 and to a base and a collector of the first NPN bipolar transistor 93
at an input of the primary bias circuit 84 configured to receive the correction current
IcorrecTion. The first NPN bipolar transistor 93 further includes an emitter electrically
connected to the power low voltage V. The second resistor 97 further includes a second end
electrically connected to a base and a collector of the second NPN bipolar transistor 94 and to
a base of the third NPN bipolar transistor 95. The third NPN bipolar transistor 95 further
includes a collector electrically connected to the power high voltage Vcc and an emitter
configured to generate the bias current Igjas.

[0081] The first NPN bipolar transistor 93 can aid in level-shifting the voltage of
the emitter of the second NPN bipolar transistor 94, which in turn can impact the emitter
voltage of the third NPN bipolar transistor 95. Thus, inclusion of the first NPN bipolar
transistor 93 can aid in establishing suitable DC operating voltage levels of the power
amplifier bias block 80.

[0082] The first and second resistors 96, 97 can be tuned to control the
steady-state amplitude of the bias current Igjas when the enable signal ENABLE is activated.
For example, the current through the second NPN bipolar transistor 94 can be established
using the first and second resistors 96, 97, and can be mirrored using the third NPN bipolar
transistor 95 to generate the bias current Igas.

[0083] After the enable signal ENABLE becomes activated, the RC network 82
can generate a control current IcornroL that can be amplified by the current mirror 83 to
generate the correction current Icorrection. As illustrated in Figure 5, the correction current
IcorrecTiON €an be used to vary or change the current through the second NPN bipolar

transistor 94. For example, when the correction current Icorrection decreases, the current
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through the second NPN bipolar transistor 94 can increase, which in turn can increase the
bias current Igjas generated using the third NPN bipolar transistor 95. The second NPN
bipolar transistor 94 can also aid in reversing the direction of the correction current
IcorrecTION SO that it is suitable to be provided to the base of the fifth NPN bipolar
transistor 95.  Although one variation of a primary bias circuit is illustrated, other
implementations can be used.

[0084] Figure 6 is a graph 100 of one example of collector current versus time.
The graph 100 begins at a time zero that is associated with enabling a power amplifier. The
graph 100 includes a first plot 101, a second plot 102, a third plot 103, a fourth plot 104 and a
fifth plot 105, which correspond to different battery voltage values. In particular, the first,
second, third, fourth, and fifth plots 101-105 correspond to battery voltage values of about
3.2V, about 3.4 V, about 3.6 V, about 3.8 V, and about 4.0 V, respectively.

[0085] In certain implementations described herein, a time-dependent signal
generator is used to generate a signal that can be used to adjust a power amplifier’s bias
current during a time period within about 8 ps after the power amplifier is enabled.
Thereafter the power amplifier’s bias current can be substantially constant until the power
amplifier’s enable signal is deactivated. In certain implementations, the power amplifier’s
bias current can vary by more than about 50 % during the initial time period that the
correction current is used to adjust the power amplifier’s bias current.

[0086] Figure 7A is a graph 110 of one example of dynamic error vector
magnitude (EVM) versus output power. The graph 110 is for one example of a power
amplifier bias block that does not include a time-dependent signal generator and a current
amplifier. The graph 110 includes plots of EVM versus output power for a variety of
different battery voltage levels. For example, the graph 110 includes plots 111-119, which
correspond to battery voltages ranging between about 3.2 V and about 4.2 V.

[0087] Figure 7B is a graph 120 of another example of dynamic EVM versus
output power. The graph 120 is for one implementation of a power amplifier bias block that
includes a time-dependent signal generator and a current amplifier. The graph 120 includes
plots of EVM versus output power for a variety of different battery voltage levels. For

example, the graph 120 includes plots 121-129, which correspond to battery voltages
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between about 3.2 V and about 4.2 V. The graph 120 shows that the EVM of the power
amplifier system can be improved by including the time-dependent signal generator and the
current amplifier.

[0088] Figure 8 is a flow chart illustrating a method 150 for biasing a power
amplifier in accordance with one embodiment. It will be understood that the method 150 can
include greater or fewer operations and the operations may be performed in any order, as
necessary.

[0089] The method 150 starts at a block 151, in which an enable signal of a power
amplifier is shaped using a time-dependent signal generator to generate a control current.
The power amplifier can be any suitable power amplifier, such as a power amplifier
configured to amplify a WLAN signal. In certain implementations, the time-dependent signal
generator includes a resistor-capacitor (RC) network configured to generate a transient
control current that begins after an enable signal of the power amplifier is activated. In
certain implementations, the transient control current reaches a steady-state value within
about 8 s after the enable signal is activated. In certain implementations, the steady-state
value of the transient control current can be about 0 mA.

[0090] In an ensuing block 152, the control current is amplified using the current
amplifier to generate a correction current. In certain implementations, the current amplifier
amplifies the correction circuit by a factor ranging between about 5 to about 50. The current
amplifier can aid the time-dependent signal generator in shaping the enable signal by
reducing the size of the circuit components of the time-dependent signal generator needed to
achieve a desired time constant associated with gain compensation.

[0091] The method 150 continues at a block 153, in which a bias current for the
power amplifier is generated using the primary biasing circuit. The primary biasing circuit is
configured to use the correction current to generate a bias current for the power amplifier so
as correct for a variation in gain of the power amplifier when the power amplifier is enabled.
For example, the primary biasing circuit can be configured to adjust the amplitude of the bias
current based on the correction current, such as by adding the correction current to a nominal

bias current value.
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[0092] Figure 9 is a circuit diagram of a time-dependent signal generator 170 in
accordance with one embodiment. The time-dependent signal generator 170 includes a
resistor 92 and a capacitor 90, which can be similar to the resistor 92 and the capacitor 90 of
the time-dependent signal generator 82 of Figure 5. However, in contrast to the
time-dependent signal generator 82 of Figure 5, the time-dependent signal generator 170 of
Figure 9 does not include the resistor 91 of Figure 4. In certain implementations, the
time-constant of the resistor 92 and the capacitor 90 is in the range of about 0.1 s to about
10 us, for example, about 1 ps.

[0093] Figure 10A is a schematic diagram of one example of a packaged power
amplifier module 300. Figure 10B is a schematic diagram of a cross-section of the packaged
power amplifier module 300 of Figure 10A taken along the lines 10B—10B.

[0094] The packaged power amplifier module 300 includes an IC or die 301,
surface mount components 303, wirebonds 308, a package substrate 320, and
encapsulation 340. The package substrate 320 includes pads 306 formed from conductors
disposed therein. Additionally, the die 301 includes pads 304, and the wirebonds 308 have
been used to electrically connect the pads 304 of the die 301 to the pads 306 of the package
substrate 301.

[0095] As illustrated in Figures 10A and 10B, the die 301 includes the power
amplifier 32 and the power amplifier bias block 50 formed therein. The power amplifier bias
block 50 includes the time dependent signal generator 72, the current amplifier 73, and the
primary biasing circuit74.  In certain implementations, the time-dependent signal
generator 72 can include a resistor-capacitor (RC) network, and the current amplifier 73 can
be used to amplify a control current from the RC network to generate a correction current,
which can be used by the primary biasing circuit 74 to generate a bias current for the power
amplifier 32 that corrects for a gain variation of the power amplifier 32 associated with
transitioning the power amplifier from a disabled state to an enabled state. Using the current
amplifier 73 to amplify the control current from the time-dependent signal generator 72 can
reduce a magnitude of the resistor and/or capacitor needed to generate a suitable correction
current, thereby permitting the time-dependent signal generator 72 to be integrated on-chip

with the power amplifier 32, as shown in Figure 10A.
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[0096] The packaging substrate 320 can be configured to receive a plurality of
components such as the die 301 and the surface mount components 303, which can include,
for example, surface mount capacitors and/or inductors.

[0097] As shown in Figure 10B, the packaged power amplifier module 300 is
shown to include a plurality of contact pads 332 disposed on the side of the packaged power
amplifier module 300 opposite the side used to mount the die 301. Configuring the packaged
power amplifier module 300 in this manner can aid in connecting the packaged power
amplifier module 300 to a circuit board such as a phone board of a wireless device. The
example contact pads 332 can be configured to provide RF signals, bias signals, power low
voltage(s) and/or power high voltage(s) to the die 301 and/or the surface mount
components 303. As shown in Figure 10B, the electrically connections between the contact
pads 332 and the die 301 can be facilitated by connections 333 through the package
substrate 320. The connections 333 can represent electrical paths formed through the
package substrate 320, such as connections associated with vias and conductors of a
multilayer laminated package substrate.

[0098] In some embodiments, the packaged power amplifier module 300 can also
include one or more packaging structures to, for example, provide protection and/or to
facilitate handling of the packaged power amplifier module 300. Such a packaging structure
can include overmold or encapsulation 340 formed over the packaging substrate 320 and the
components and die(s) disposed thereon.

[0099] It will be understood that although the packaged power amplifier
module 300 is described in the context of wirebond-based electrical connections, one or more
features of the present disclosure can also be implemented in other packaging configurations,

including, for example flip-chip configurations.

Applications
[0100] Some of the embodiments described above have provided examples in
connection with mobile phones. However, the principles and advantages of the embodiments

can be used for any other systems or apparatus that have needs for power amplifier systems.
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[0101] Such power amplifier systems can be implemented in various electronic
devices. Examples of the electronic devices can include, but are not limited to, consumer
electronic products, parts of the consumer electronic products, electronic test equipment, etc.
Examples of the electronic devices can also include, but are not limited to, memory chips,
memory modules, circuits of optical networks or other communication networks, and disk
driver circuits. The consumer electronic products can include, but are not limited to, a
mobile phone, a telephone, a television, a computer monitor, a computer, a hand-held
computer, a personal digital assistant (PDA), a microwave, a refrigerator, an automobile, a
stereo system, a cassette recorder or player, a DVD player, a CD player, a VCR, an MP3
player, a radio, a camcorder, a camera, a digital camera, a portable memory chip, a washer, a
dryer, a washer/dryer, a copier, a facsimile machine, a scanner, a multi functional peripheral
device, a wrist watch, a clock, etc. Further, the electronic devices can include unfinished

products.

Conclusion
[0102] Unless the context clearly requires otherwise, throughout the description

LRI

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 elements. Likewise, the word “connected”, as generally used herein, refers to
two or more elements that may be either directly connected, or connected by way of one or

9 <

more intermediate 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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[0103] Moreover, conditional language used herein, such as, among others, "can,"

"o o< EEINTS

"could,” "might,” "can," “e.g.,” “for example,” “such as” and the like, unless specifically
stated otherwise, or otherwise understood within the context as used, is generally intended to
convey that certain embodiments include, while other embodiments do not include, certain
features, elements and/or states. Thus, such conditional language is not generally intended to
imply that features, elements and/or states are in any way required for one or more
embodiments or that one or more embodiments necessarily include logic for deciding, with or
without author input or prompting, whether these features, elements and/or states are
included or are to be performed in any particular embodiment.

[0104] 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.

[0105] 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.

[0106] 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
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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 IS:

1. 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 correction current in response to activation of the power amplifier enable
signal, and a primary biasing circuit configured to generate the bias signal based on

the correction current and the power amplifier enable signal.

2. 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. 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. 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.

3. 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.
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6. The mobile device of claim 1 wherein the gain correction circuit includes a
time-dependent signal generator configured to generate a control current in response to
activation of the power amplifier enable signal, and a current amplifier configured to generate

the correction current by amplifying the control current.

7. The mobile device of claim 6 wherein the current amplifier includes a current

mirror configured to generate the correction current by mirroring the control current.

8. The mobile device of claim 6 wherein the current amplifier is configured to

receive the power amplifier enable signal.

0. The mobile device of claim 6 wherein the time-dependent signal generator
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. 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. A method of power amplifier biasing, the method comprising:

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 correction current in response to activation of the power amplifier
enable signal using a gain 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.
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12.  The method of claim 11 wherein generating the correction current includes
generating a control current in response to activation of the power amplifier enable signal
using a time-dependent signal generator, and amplifying the control current to generate the

correction current using a current amplifier.

13. The method of claim 12 wherein amplifying the control current includes

mirroring the control current to generate the correction current using a current mirror.

14. 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 correction current in response to activation of the
power amplifier enable signal, and a primary biasing circuit configured to generate the

bias signal based on the correction current and the power amplifier enable signal.

15. 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. 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. The packaged module of claim 14 wherein the gain correction circuit includes
a time-dependent signal generator configured to generate a control current in response to
activation of the power amplifier enable signal, and a current amplifier configured to generate

the correction current by amplifying the control current.
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18.  The packaged module of claim 17 wherein the current amplifier includes a

current mirror configured to generate the correction current by mirroring the control current.

19.  The packaged module of claim 17 wherein the time-dependent signal
generator receives the power amplifier enable signal at an input and generates the 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. 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.
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ABSTRACT OF THE DISCLOSURE

Apparatus and methods for biasing of power amplifiers are disclosed. In one
embodiment, a mobile device includes a transceiver that generates a radio frequency signal
and a power amplifier enable signal, a power amplifier that provides amplification to the
radio frequency signal and that is biased by a bias signal, and a bias circuit that receives the
power amplifier enable signal and generates the bias signal. The bias circuit includes a gain
correction circuit that generates a correction current in response to activation of the power
amplifier enable signal, and a primary biasing circuit that generates the bias signal based on

the correction current and the power amplifier enable signal.
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