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1, Gerard P. Grenier, am over twenty-one (21) years of age. I have never been convicted

of a felony, and I am fully competent to make this declaration. I declare the following to be true

to the best of my knowledge, information and belief:

I. I am Senior Director of Publishing Technologies of The Institute of Electrical and

Electronics Engineers, Incorporated (“IEEE”).

2. IEEE is a neutral third party in this dispute.

3. Neither I nor IEEE itself is being compensated for this declaration.

4. Among my responsibilities as Senior Director of Publishing Technologies, I act as a
custodian of certain records for IEEE.

5. I make this declaration based on my personal knowledge and information contained
in the business records of IEEE.

6. As part of its ordinary course of business, IEEE publishes and makes available

technical articles, proceedings and standards. These publications are made available

for public download through the IEEE digital library, IEEE Xplore.

7. It is the regular practice of IEEE to publish articles and other writings including

article abstracts and make them available to the public through IEEE Xplore. IEEE

maintains copies of publications in the ordinary course of its regularly conducted
activities.

8. The articles below have been attached as Exhibits A — D to this declaration:

A. D. Kim, et. al., “High efficiency and wideband envelope tracking power

amplifier with sweet spot tracking” 2010 IEEE Radio Frequency

Inte rated Circuits S mposium, Ma 23 — 25, 2010.

PG. Blanken, et. al., “A SOMHZ bandwidth multi-mode PA supply

modulator for GSM, EDGE and UMTS application” 2008 IEEE Radio

Freuenc Inte rated Circuits S m-osium, June 17, 2008.

T. Kwak, et. al., “A 2 W CMOS Hybrid Switching Amplitude Modulator
for EDGE Polar Transmitters” IEEE Journal of Solid-State Circuits, Vol.

42, Issue 12, December 2007.

W. Chu, et. al., “A 10 MHz Bandwidth, 2 mV Ripple PA Regulator for

CDMA Transmitters” IEEE Journal of Solid—State Circuits, Vol. 43, Issue

12, December 2008.
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9. I obtained copies of Exhibits A — D through IEEE Xplore, where they are maintained

in the ordinary course of IEEE’s business. Exhibits A - D are true and correct copies

of the Exhibits, as they existed on or about May 23, 2018.

10. The articles and abstracts from IEEE Xplore shows the date of publication. IEEE

Xplore populates this information using the metadata associated with the publication.

11. D. Kim, et. al., “High efficiency and wideband envelope tracking power amplifier

with sweet spot tracking” was published in the 2010 IEEE Radio Frequency

Integrated Circuits Symposium. The 2010 IEEE Radio Frequency Integrated Circuits

Symposium was held from May 23 — 25, 2010. Copies of the conference proceedings
were made available no later than the last day of the conference. The article is

currently available for public download from the IEEE digital library, IEEE Xplore.

12. P.G. Blanken, et. al., “A SOMHz bandwidth multi-mode PA supply modulator for

GSM, EDGE and UMTS application” was published in the 2008 IEEE Radio

Frequency Integrated Circuits Symposium. The 2008 IEEE Radio Frequency

Integrated Circuits Symposium was held on June 15-17, 2008. Copies of the

conference proceedings were made available no later than the last day of the

conference. The article is currently available for public download from the IEEE

digital library, IEEE Xplore.

13. T. Kwak, et. al., “A 2 W CMOS Hybrid Switching Amplitude Modulator for EDGE

Polar Transmitters” was published in the IEEE Journal of Solid—State Circuits, Vol.

42, Issue 12, December 2007. The IEEE Journal of Solid-State Circuits, Vol. 42,

Issue 12 was published on December 12, 2007. The article is currently available for

public download from the IEEE digital library, IEEE Xplore

14. W. Chu, et. al., “A 10 MHz Bandwidth, 2 mV Ripple PA Regulator for CDMA

Transmitters” was published in the IEEE Journal of Solid-State Circuits, Vol. 43,

Issue 12, December 2008. The IEEE Journal of Solid-State Circuits, Vol. 43, Issue

12 was published on December 12, 2008. The article is currently available for public

download from the IEEE digital library, IEEE Xplore

15. I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true, and further

that these statements were made with the knowledge that willful false statements and

the like are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001.
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SECTION I.
Introduction

As wireless communication systems provide high data rate services, the channel bandwidth and
PAPR of the signals are increased and the efficiency for the power amplifier is decreased. In the
case of conventional PA with fixed supply voltage (Fig. 1a), the PA should be operated in the back
off power region to linearly amplify the modulated signal with high PAPR and its efficiency is much
lower than its peak value as shown in Fig. 2. On the other hand, the envelope tracking PA (Fig. 1b)
operates under modulated supply voltage according to its output power level and its efficiency is
degraded slightly.

Because overall efficiency of the envelope tracking PA is proportional to efficiency of the supply
modulator and its linearity is affected by linearity of the supply modulator, a realization of the
supply modulator with a high efficiency and good linearity is very important. In [1], they have
designed a low dropout (LDO) regulator as a supply modulator, but its efficiency is very low for Attachment A - 1f 
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 Alerts high PAPR signals. In [2], a switching amplifier is used as a supply modulator. Although it achieves
high efficiency, it requires high order passive filter and its bandwidth is too narrow to use for wide
bandwidth signals such as LTE and WiMAX. To achieve high efficiency and wide bandwidth, we use
hybrid switching supply modulator combining the advantages of two supply modulators [3][7]. To
improve the performance of power amplifier, a boost converter is added to the supply modulator as
shown in Fig. 3. By boosting the supply voltage of the linear amplifier from 3.4V to 5V, the output
voltage of the supply modulator is increased up to 4.5V and the power amplifier shows higher gain,
efficiency, output power and wider bandwidth.

In [8], they analyze nonlinear distortion of envelope tracking PA. Because of knee voltage and
nonlinear capacitance, AM-AM and AM-PM distortion are generated. By adopting envelope
shaping and sweet spot tracking, linearity can be improved.

In this paper, we implement a high efficiency and wideband envelope tracking PA for LTE
applications using a hybrid switching supply modulator, HBT PA, envelope shaping, and sweet spot
tracking.

Fig. 1. (a) Conventional PA with fixed supply voltage. (b) Envelope tracking PA with modulated
supply voltage.

Fig. 2. PA's efficiency curves with fixed supply voltage and modulated supply voltage.
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