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I, Jinsung Choi, declare as follows: 

1. I am cuITently employed by Qorvo, Inc., which is an American semiconductor 

company that designs, manufactures, and supplies radio-frequency (RF) systems and solutions 

for wireless and broadband communications. I have worked at Qorvo for approximately six 

years. At Qorvo, I am a member of the technical staff. In that role, I contribute to the design of 

RF components such as switches and low noise amplifiers. A copy of my cmTiculum vitae is 

attached hereto as Exhibit A. 

2. I earned my Bachelor of Science degree in electrical engineering from Pohang 

University of Science and Technology in South Korea in 2003. I earned my Doctor of 

Philosophy degree in electrical engineering from Pohang University of Science and Technology 

in 2009. 

3. I am the co-author of a paper entitled "Envelope Tracking Power Amplifier 

Robust to Battery Depletion" (the "Choi 2010 paper"), submitted as Exhibit B to this declaration. 

The paper was published by the Institute of Electrical and Electronics Engineers (IEEE) in 2010. 

According to the IEEE website (https://ieeexplore.ieee.org/document/5517825D, the paper was 

added to IEEE's digital library-IEEEXplore-on July 23, 2010. 

4. Earlier in 2010, I attended the IEEE International Microwave Symposium 

("IMS") 2010 conference, held in Anaheim, California from May 23 to 28, 2010. The IMS is an 

annual technical conference for professionals specializing in RF /microwave theory and 

applications. The conference is well publicized in the field, and is open to any member of the 

public interested in the topic. On inf01mation and belief, the IMS is the largest gathering of 

RF/microwave professionals in the world. 

5. The IMS 2010 conference was attended by hundreds of people. These attendees 

included many engineers specializing in RF circuit and power supply design for RF. The 
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conference included, for example, leading engineers in these areas from academia and industry, 

including many electrical engineers with multiple years' experience designing RF circuits and/or 

power supplies. At the time of the IMS 2010 conference, I had earned my doctorate in electrical 

engineering and had over five years' experience designing RF circuits and power supplies. 

6. I presented the Choi 2010 paper at the IMS 2010 conference during the Power 

Amplifier Circuits technical session on Wednesday, May 26, 2010. About a hundred people 

attended the session where I presented my paper, and there were also other parallel sessions. 

7. Before the IMS 2010 conference, a program book was made available to 

attendees and potential attendees. A copy of that program book is attached as Exhibit C. My 

presentation is listed on page 40 of the program book, in the middle column, near the bottom, at 

the WEPF-5 session. The program.book confirms my memory that I presented the Choi 2010 

paper on Wednesday, May 26, 2010. 

8. People registering for IMS 2010 could pay a small extra fee to receive a USB 

drive. The fees for registration and the USB drive are shown at page 9 of the program book 

(Exhibit C). My understanding is that each USB drive contained PDF copies of the presented 

papers, including a copy of my Choi 2010 paper. 

9. I also recall that IMS 2010 had printing stations set up at the conference venue. 

Attendees could use any of these printing stations to print a copy of any paper being presented at 

the conference, including my own paper. These printing stations are mentioned on page 5 of the 

program book (Exhibit C), which states that "Print on Demand (PoD) is back again and will be 

available at a centralized station located in the Registration area at the Anaheim Convention 

Center. This will allow all registered attendees to print out any paper FREE!" This is what I 

recall seeing at IMS 2010. 
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10. No confidentiality restrictions were imposed on attendees at IMS 2010, and no 

confidentiality restrictions were placed on any of the papers contained on the USB drives. 

Attendees were free to disseminate and discuss the technical material presented during the 

conference. 

11. I am not receiving any compensation for my declaration or testimony in this 

matter, aside from my standard Qorvo salary, which does not depend on my submission of this 

declaration or its contents. 

12. I declare that all statements made herein of my own knowledge are true and that 

all statements made on inf01mation 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 Section 1101 of Title 18 of the United States 

Code. 

Signed: 

Dated: 
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JINSUNG, CHOI 

3401 Iron Point Drive APT520, San Jose, CA 95134 

Tel: 336-338-0168 

E-mail: jinsungc@gmail.com 

Highlights 
o 7 years of industry RFIC design experience with multi-million parts in production 

o Self-motivated, proactive and dedicated team player 

o 36 registered patents in United States & 13 research publications (cited more than 1000 times) 

o Ph.D. in Electrical Engineering (thesis: Envelope tracking PAs) 

o IEEE Senior Member 

o Multiple awards from Employer and Conferences 

Experience 
June 2012 - Present Qorvo, San Jose, CA 

Member of Technical Staff in Advanced Development Team 

./ Lead analog/RF IC design engineer (2015-) 

• Sub-6GHz 5G NR module (2017-) 

+ Lead SOI LNA and switch 

• +90dBm IIP3 high linearity antenna switch module in 0.13um SOI technology (2016) 

+ Developed RF SOI switch design optimization tool 

+ Achieved record-high switch linearity 

• Mid/high-bands switchable diplexer in 0.13um SOI technology (2015) 

+ In mass production for multiple customers 

./ Analog/RF IC design engineer (2012-2014) 

• Mid/high-bands antenna switch modules in 0.24um SOI technology (2014) 

+ In mass production for a top customer 

• 802.1 lg/n/ac RF power amplifiers in 0.35um SiGe BiCMOS technology (2012-2013) 

+ Invented a dynamic biasing technique for pulsed PA operations 

Jan. 2010 - Apr. 2012 Samsung Advanced Institute of Technology, Yongin, South Korea 

Member of Research Staff in Signal and Systems Lab . 

./ Designed power amplifiers and transmitters for highly efficient and adaptive wireless power 

transmission system based on a magnetic resonant coupling 

Mar. 2004 - Dec. 2009 POSTECH, Pohang, South Korea 
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Research Assistant in MMIC Lab . 

./ Designed RF power amplifiers, transmitters, and power management ICs for high linearity and 

high efficiency 

• Delta-sigma modulator (DSM) based polar transmitter for CDMA application 

• Multi-mode envelope tracking power amplifier for EDGE/WCDMA/Mobile-WiMax 

• Envelope tracking Doherty power amplifier 

• Boosted PA supply modulator for 4.5V PA operation 

Aug. 2005 - Dec. 2005 University of Waterloo, Ontario, Canada 

Education 

./ Visiting Scholar, Electrical and Computer Engineering 

./ Pohang University of Science and Technology (POSTECH), Korea 

Ph. D., Electrical Engineering (Feb. 2010) 

Advisor: Prof. Bumman Kim, IEEE Fellow 

Thesis: A study on polar modulated power transmitters for wireless communication 

./ Pohang University of Science and Technology (POSTECH), Korea 

B.Sc., Electrical Engineering (Feb. 2004) 

Specialization, Accomplishments, and Strengths 
./ RF front-ends circuits 

./ Power management IC for RF power amplifiers 

./ Digitally assisted analog/RF circuit design in CMOS technology 

Technical Skills 
1. Analog/RF circuit design and system synthesis: Cadence Design System, Advanced Design 

System, Momentum/FEM, and MATLAB/Simulink 

2. RF and Microwave Measurements 

Membership, Activities & Awards 
1. Senior Member of IEEE 

2. Member of Technical Program Committee for IEEE Tropical Conference on RF Power 

Amplifiers for Radio and Wireless Applications (PA WR) since 2013 

3. Reviewer of IEEE Transactions on Circuits and Systems II (TCAS-II) since 2009 

4. Reviewer ofIEEE Microwave Theory and Techniques (TMTT) since 2009 

5. Reviewer ofIEEE Microwave and Wireless Components Letters (MWCL) since 2009 

6. Reviewer of Journal of Electromagnetic Waves and Applications (JEMWA) since 2009 

7. Bronze Prize Winner in 15th Samsung Human-Tech Thesis Prize, Feb. 2009. 

8. Samsung outstanding paper in the 161
h Korean Conference on Semiconductors, Feb. 2009. 
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9. Proud Samsung Employee Award, Dec. 2010. 

Publications and Presentations 
J oumal Papers ( cited more than 1000 times) 

1. Nam Yoon Kim, Ki Young Kim, Jinsung Choi, and Chang-Woo Kim, "Adaptive frequency 

with power-level tracking system for efficient magnetic resonance wireless power 

transfer," Electronics Letters, vol. 48, no. 8, pp. 452-454, April 2012. 

2. Jinsung Choi, Dongsu Kim, Daehyun Kang, and Bumman Kim, "A new power management IC 

architecture for envelope tracking power amplifier," IEEE Trans. Mierow. Theory Tech. , vol. 59, 

no. 7, pp. 1796-1802, July 2011. 

3. Dongsu Kim, Daehyun Kang, Jinsung Choi, Jooseung Kim, Yunsung Cho, and Bumman Kim, 

"Optimization for envelope shaped operation of envelope tracking power amplifier" IEEE Trans. 

Mierow. Theory Tech. , vol. 59, no. 7, pp. 1787-1795, July 2011. 

4. Daehyun Kang, Dongsu Kim, Jinsung Choi, Jooseung Kim, Yunsung Cho, and Bumman Kim, 

"A multimode/multiband power amplifier with a boosted supply modulator," IEEE Trans. Mierow. 

Theory Tech. , vol. 58, no. 10, pp. 2598-2608, Oct. 2010. 

5. Daehyun Kang, Jinsung Choi, Dongsu Kim, and Bumman Kim, "Design of Doherty power 

amplifiers for handset applications," IEEE Trans. Mierow. Theory Tech. , vol. 58, no. 8, pp. 2134-

2142, Aug. 2010. 

6. Jinsung Choi, Daehyun Kang, Dongsu Kim, Jungmin Park, Boshi Jin, and Bumman Kim, 

"Power amplifiers and transmitters for next generation mobile handset," invited paper in Journal 

of Semiconductor Technology and Science, Dec. 2009. 

7. Jinsung Choi, Dongsu Kim, Daehyun Kang, and Bumman Kim, "A polar transmitter with 

CMOS programmable hysteretic-controlled hybrid switching supply modulator for multi-standard 

applications," IEEE Trans. Mierow. Theory Tech. , vol. 57, no. 7, pp. 1675-1686, July 2009. 

8. Jinsung Choi, Daehyun Kang, Dongsu Kim, and Bumman Kim, "Optimized envelope tracking 

operation of Doherty power amplifier for high efficiency over an extended dynamic range," IEEE 

Trans. Mierow. Theory Tech. , vol. 57, no. 6, pp. 1508-1515, June 2009. 

9. Bashi Jin, Kichon Han, Jinsung Choi, Daehyun Kang,and Bumman Kim, "The fully-integrated 

CMOS RF power amplifier using the semi-lumped transformer," Microwave and Optical 

Technology Letters, vol. 50, no. 11 , pp. 2857-2860, Nov. 2008. 

10. Hyejeong Song, Huijung Kim, Kichon Han, Jinsung Choi, Changjoon Park, and Bumman Kim, 

"A Sub-2 dB NF dual-band CMOS LNA for CDMA/WCDMA applications," IEEE Mierow. 

Wireless Compon. Lett. , vol. 18, no. l , pp. 49-51 , Jan. 2008. 

11 . Daehyun Kang, Daekyu Yu, Kyoungjoon Min, Kichon Han, Jinsung Choi, Dongsu Kim, Boshi 

Jin, Myoungsu Jun and Bumman Kim, "A highly efficient and linear class-AB/F power amplifier 

for multi-mode operation," IEEE Trans. Mierow. Theory Tech. , vol. 56, no. l , pp. 77-87, Jan. 

2008. 
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12. Jinsung Choi, Jeonghyun Yim, Jinho Yang, Jingook Kim, Jeonghyun Cha, Daehyun Kang, 

Dongsu Kim, and Bumman Kim, "A delta-sigma-digitized polar RF transmitter," IEEE Trans. 

Mierow. Theory Tech. , vol. 55, no. 12, pp. 2679-2690, Dec. 2007. 

13. Huijung Kim, Seonghan Ryu, Yujin Chung, Jinsung Choi, and Bumman Kim, "A Low Phase 

Noise CMOS VCO with Harmonic Tuned LC Tank," IEEE Trans. Mierow. Theory Tech. , vol. 54, 

no. 7, pp. 2917-2924, JuL 2006. 

Conference Papers 

I. Ki Young Kim, Changwook Yoon, Nam Yoon Kim, Jinsung Choi, Young-Ho Ryu, Dong-Zo 

Kim, Keum-Su Song, Chi-Hyung Ahn, Eunseok Park, Yun-Kwon Park, and Sangwook Kwon, 

"Magnetic resonance wireless power transfer system for practical mid-range distance powering 

scenario references," Consumer Electronics (ICCE), 2013 IEEE International Conference on , 

vol., no., pp.175, 176, 11-14 Jan. 2013 

2. Dong-zo Kim, Ki Young Kim, Jinsung Choi, Young-ho Ryu, Yoon-kwon Park, Sangwook 

Kwon, Youngjin Moon, and Changsik Yoo, "High Efficient Power Receiver IC with Load 

Modulator for Wireless Resonant Power Transfer," in Proc. 42nd Eur. Mierow. Conj, Oct 2012. 

3. Nam Yoon Kim, Ki Young Kim, Jinsung Choi, Young-ho Ryu, Dong-zo Kim, Changwook 

Yoon, Sangwook Kwon, and Yoon-kwon Park, "Automated Adaptive Frequency Tracking 

System for Efficient Mid-Range Wireless Power Transfer via Magnetic Resonanc Coupling," in 

Proc. 42nd Eur. Mierow. Conj, Oct 2012. 

4. Ki Young Kim, Young-Ho Ryu, Eunseok Park, Nam Yoon Kim, Jinsung Choi, Dong-zo Kim, 

Changwook Yoon, Keum-su Song, Chi-hyung Ahn, Yoon-kwon Park, and Sangwook Kwon, 

"Power Transfer Efficiency in Magnetic Resonance Wireless Power Link Including Relay 

Resonator with Non-Coaxially Aligned," in Proc. 42nd Eur. Mierow. Conj., Oct 2012. 

5. Jinsung Choi, Young-Ho Ryu, Dong-zo Kim, Nam Yoon Kim, Changwook Yoon, Ki Young 

Kim, Y oon-kwon Park, Sangwook Kwon, and Y oungoo Yang, "Design of Wireless Power 

Charging Pad based on Magnetic Resonance Coupling," in Proc. 42nd Eur. Mierow. Conj, Oct 

2012. 

6. Changwook Yoon, Nam Yoon Kim, Ki Young Kim, Jinsung Choi, Dong-Zo Kim, Young-Ho 

Ryu, Yun-Kwon Park, and Sangwook Kwon, "Analysis of power/ground resonance frequency in 

printed circuit board inside strong magnetic field for wireless power transmission (WPT) 

system," in 32nd Progress in Electromagnetics Research Symposium in Moscow (PIERS 2012), 

Moscow, Russia, August 19-23, 2012. 

7. Nam Yoon Kim, Ki Young Kim, Jinsung Choi, Changwook Yoon, Dong-Zo Kim, Young-Ho 

Ryu, Keum-Su Song, Chi-Hyung Ahn, Yun-Kwon Park, and Sangwook Kwon, "Automated 

adaptive frequency and power-level tracking system for near-to mid-range wireless power transfer 

via magnetic resonance coupling,"in 32nd Progress in Electromagnetics Research Symposium in 

Moscow (PIERS 2012), Moscow, Russia, August 19-23, 2012. 
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8. Daehyun Kang, Jinsung Choi, Dongsu Kim, Bumman Kim, "LTE power amplifier for envelope 

tracking polar transmitters," in Proc. 40th Eur. Mierow. Conf , Paris, France, Sep. 2010. 

9. Bumman Kim, Daehyun Kang, Jinsung Choi, and Dongsu Kim, "Doherty power amplifiers for 

handset applications", invited paper in 18th Int. Conf on Mierow., Radar., Wireless Commun. 

MIKON-2010, Lithuania, June, 2010. 

10. Dongsu Kim, Jinsung Choi, Daehyun Kang, and Bumman Kim, "High Efficiency and 

Wideband Envelope Tracking Power Amplifier with Sweet Spot Tracking," in IEEE Radio 

Frequency Integrated Circuits (RFIC) Symp., Anaheim, CA, USA, 23- 25 May, 2010. 

11. Jinsung Choi, Dongsu Kim, Daehyun Kang, Jungmin Park, Boshi Jin, and Bumman Kim, 

"Envelope Tracking Power Amplifier Robust to Battery Depletion," in IEEE MTT-S Int. Mierow. 

Sympo. Dig. , Anaheim, CA, USA, 23- 28 May, 2010. 

12. Daehyun Kang, Jinsung Choi, Dongsu Kim, Daekyu Yu, Kyoungjoon Min, and Bumman Kim, 

"30.3% PAE HBT Doherty power amplifier for 2.5- 2.7 GHz Mobile WiMAX," in IEEE MTT-S 

int. Mierow. Symp. Dig. Aneheim, USA, May, 2010. 

13. Bumman Kim, Jinsung Choi, Daehyun Kang, and Dongsu Kim, "A Multi-mode envelope 

tracking power amplifier for software defined radio transmitters," invited paper in IEEE Int. 

Mierow. Works hop Series on RF Front-ends for Software Defined and Cognitive Radio 

Solutions, Feb. 2010. 

14. Jinsung Choi, Dongsu Kim, Daehyun Kang, Jungmin Park, Boshi Jin, and Bumman Kim, "A 

CMOS PA supply modulator robust to battery depletion," in 17th Korean Conference on 

Semiconductors, Daegu, Korea, Feb. 2010. 

15. Bumman Kim, Jinsung Choi, Daehyun Kang, and Dongsu Kim, "Optimized Envelope Tracking 

Operation of Doherty PA," invited paper in 3rd Int. Conf on Signals, Circuits, and Systems, Nov. 

2009. 

16. Bumman Kim, Jinsung Choi, Daehyun Kang, and Dongsu Kim, "Envelope tracking technique 

for multimode PA operation," invited paper in Proc. 39th Eur. Mierow. Conj., Oct. 2009. 

17. Daehyun Kang, Jinsung Choi, Myoungsu Jun, Dongsu Kim, Jungmin Park, Boshi Jin, Daekyu 

Yu, Kyungjun Min, and Bumman Kim, "Broadband class-F power amplifiers for handset 

applications," in Proc. 39th Eur. Mierow. Conj. , Oct. 2009. 

18. Dongsu Kim, Jinsung Choi, Daehyun Kang and Bumman Kim, "A wideband CMOS hybrid 

switching supply modulator for polar transmitter," best paper awards in 9th RF Integrated Circuit 

Tech. Workshop, Jeju, Korea, Sep. 2009. 

19. Bumman Kim, Jinsung Choi, Daehyun Kang and Dongsu Kim, "Multi-mode power amplifier 

based on the mode-dependent power supply modulator," invited talk in 9th RF Integrated Circuit 

Tech. Workshop, Jeju, Korea, Sep. 2009. 

20. Jinsung Choi, Dongsu Kim, Daehyun Kang, Myoungsu Jun, Boshi Jin, Jungmin Park, and 

Bumman Kim, "A 45/46/34% PAE linear polar transmitter for EDGE/WCDMA/Mobile-WiMax," 

in IEEE MTT-S Int. Mierow. Sympo. Dig. , Boston, MA, June 2009, vol. l , pp. 413-416. 
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21. Daehyun Kang, Jinsung Choi, Daekyu Yu, Kyungjun Min, Dongsu Kim, Myoungsu Jun, 

Jungmin Park, Boshi Jin, and Bumman Kim, "Input power dividing of Doherty power amplifiers 

for handset applications," in IEEE MTT-S Int. Mierow. Sympo. Dig. , Boston, MA, June 2009, vol. 

1, pp. 421-424. 

22. Bumman Kim and Jinsung Choi, "A new emerging technology of digitally assisted RF 

circuits," invited talk in IEEE Mini-Colloquium on Nano-Scale Devices and Circuits, Seoul, 

Korea, Apr. 2009. 

23 . Jinsung Choi, Dongsu Kim, Daehyun Kang, Myoungsu Jun, Boshi Jin, Jungmin Park, and 

Bumman Kim, "A PA supply modulator for multi-standard polar transmitter in O. I 3um CMOS 

technology," Samsung Awards in 16th Korean Conference on Semiconductors, Daejun, Korea, Feb. 

2009. 

24. Jinsung Choi, "A linear polar transmitter with CMOS programmable hysteretic-controlled 

supply modulator for multi-standard applications," Bronze Prize Winner in 15th Samsung Human­

Tech Thesis Prize, Feb. 2009. 

25. Boshi Jin, Jinsung Choi, Daehyun Kang, Myoungsu Jun, and Bumman Kim, "Optimized design 

of wideband transformer for handset CMOS power amplifier application," in Asia-Pacific 

Microwave Conference (APMC) 2008, Hongkong, China. 

26. Daehyun Kang, Daekyu Yu, Kyoungjoon Min, Jinsung Choi, Myungsu Jun, Dongsu Kim, and 

Bumman Kim, "Class-AB/F Doherty amplifier," Proc. 38th Eur. Mierow. Conf, Amsterdam, 

Netherlands, Oct. 2008, pp. 230-233. 

27. Bumman Kim and Jinsung Choi, "Delta-sigma modulator (DSM) based polar 

transmitter," presented in IEEE MTT-S Int. Mierow. Sympo. Dig. , Atlanta, Georgia, USA, WMA: 

Highly efficient linear power transmitters for wireless applications based on switching mode 

amplifiers, Jun. 2008. 

28. Bumman Kim, Jangheon Kim, Jinsung Choi, and lldu Kim, "Performance enhancement of 

linear power amplifier employing digital technique," invited paper in Proc. IEEE Int. Symp. 

Circuits Systems, Seattle, WA (USA), May 2008. 

29. Bumman Kim, Jangheon Kim, Jinsung Choi, and Ildu Kim, "Power amplifiers for next 

generation transmitters," invited talk in 2008 International Conference on Microwave and 

Millimeter Wave (ICMMT2008) , Nanjing, China, Apr. 2008. 

30. Bumman Kim, Jinsung Choi, and Ildu Kim, "High efficiency RF transmitter modulating power 

supply," invited paper in 8th Int. Conf on Telecommunication in Modern Satelite, Cable and 

Broadcasting Services (TELSIKS) , Nis, Serbia, Sep. 2007. 

31. Bumman Kim and Jinsung Choi, "Delta-Sigma based polar transmitter," invited talk in 7th RF 

Integrated Circuit Tech. Workshop, Jeju, Korea, Sep. 2007. 

32. Bumman Kim, Jangheon Kim, Ildu Kim, and Jinsung Choi, "Recent works on power amplifiers 

and transmitters," invited talk in 2007 RF Power Amplifier Workshop, Seoul, Korea, Aug. 2007, 

vol. 1, pp. 5-35. 
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33. Jinsung Choi, Jounghyun Yim, Jinho Yang, Jingook Kim, Jeonghyun Cha, and Bumman Kim, 

"A delta-sigma-digitized RF transmitter," in IEEE MTT-S Int. Mierow. Sympo. Dig., Honolulu, 

Hawaii, June 2007, vol. l , pp. 81-84. 

34. Bumman Kim, Youngyoon Woo, Huijung Kim, Jinsung Choi, and Jinho Yang," 3G & 4G 

handset transmitter based on switching power amplifiers," in IEEE MTT-S Int. Mierow. Sympo. 

Dig. , San Francisco, USA, WMB: Switching mode amplifiers with applications to wireless 

transmitter design, Jun. 2006, pp. 115-132. 

35. Jinho Yang, Huijung Kim, Changjoon Park, Jinsung Choi, Jehyung Yoon, and Bumman Kim, 

"Improving the linearity of CMOS low noise amplifier using multiple gated transistors," 2006 

Korea Society of Electrical Eng. Summer Workshop, vol. 29, no. 1, Jun. 2006, pp. 505-506. 

36. Jinsung Choi, Seonghan Ryu, Huijung Kim, and Bumman Kim, "A low phase noise 2 GHz 

VCO using 0.13 um CMOS process," Asia-Pacific Microwave Conference (APMC) 2005, Suzhou, 

China, Dec., 2005, pp. 2270-2272. 

37. Seonghan Ryu, Yujin Chung, Huijung Kim, Jinsung Choi and Bumman Kim, "Phase noise 

optimization of CMOS VCO through harmonic tuning," in IEEE Radio Frequency Integrated 

Circuit (RFIC) Sympo., Long Beach, CA (USA), Jun. 2005, pp. 403-406. 

Registered Patents 

1. 9,520,837, "Pulse Shaping Biasing Circuitry" 

2. 9,160,283, "Integrated Pulse Shaping Biasing Circuitry" 

3. 9,160,421 , "Method and Apparatus for Controlling Wireless Power Transmission and Reception, 

And Wireless Power Transmission System" 

4. 9,431 ,707, "Apparatus and Method for Wireless Power Transmission Including a Source 

Resonator Having a Substantially Uniform Magnetic Field" 

5. 9,543,766, "Resonance Power Transmission System and Method to Control Resonance Power 

Transmitting and Receiving" 

6. 9,502,174, "Wireless Power Transmission Apparatus and Wireless Power Reception Apparatus" 

7. 9,437,362, "Method and Apparatus for Wireless Power Reception" 

8. 9,130,515, "Apparatus and Method for Balanced Power Amplifying" 

9. 9,287,735, "Wireless Power Transmission System and Multi-Mode Resonator in Wireless Power 

Transmission System" 

10. 9,413 ,429, "Wireless Power Transmission System Based on Cell Division" 

11. 9,418,785, "Wireless Power Transmission System with Enhanced Magnetic Field Strength" 

12. 9,493,084, "Source Device and Method for Controlling Magnetic Field Using Two Source 

Resonators in Wireless Power Transmission System" 

13. 9,065,488, "Method and Apparatus for Data Communication in Wireless Power Transfer" 

14. 9,369,007, "Apparatus and Method for Wireless Power Transmission" 
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15. 9,350,193, "Method and Apparatus for Detecting Load Fluctuation of Wireless Power 

Transmission" 

16. 9,178,568, "Apparatus and Method for Communication Using Wireless Power" 

17. 9,484,985, "Apparatus and Method for Communication Using Wireless Power" 

18. 9,391 ,461 , "Wireless Power Transmission and Charging System, And Power Control Method of 

Wireless Power Transmission and Charging System" 

19. 8,971 ,399, "Apparatus and Method for High Efficiency Variable Power Transmission" 

20. 9,083,178, "Apparatus for and Method of Protecting Wireless-Coupled Power Devices from 

Overvoltage, Overcurrent, And Overtemperature Using Hysteresis" 

21. 9,444,247, "Apparatus and Method of Protecting Power Receiver of Wireless Power Transmission 

System" 

22. 8,730,697, "Method and Apparatus for Wireless Power Transmission Using Power Receiver" 

23. 9,030,052, "Apparatus and Method for Using Near Field Communication and Wireless Power 

Transmission" 

24. 9,509,166, "Apparatus and Method for Wireless Power Transmission" 

25. 9,272,630, "Electronic Device and Method for Transmitting and Receiving Wireless Power 

26. 9,000,620, "Apparatus and Method That Divide Wireless Power in Wireless Resonant Power 

Transmission System" 

27. 9,431 ,830, "Apparatus and Method for Wireless Power Transmission" 

28. 9,225,176, "Apparatus and Method for High Efficiency Variable Power Transmission" 

29. 9,124,115, "High Efficiency Rectifier, Wireless Power Receiver Including the Rectifier" 

30. 9,484,737, "Protector of Rectifier and Wireless Power Receiver Including Protector" 

31. 9,214,818, "Wireless Power Transmission System, And Method of Controlling Transmission and 

Reception of Resonance Power" 

32. 9,553 ,456, "Power Converter in Resonance Power Transmission System, And Resonance Power 

Transmission Apparatus" 

33. 9,431 ,889, "Active Rectifier with Delay Locked Loop, Wireless Power Receiving Apparatus 

Including Active Rectifier" 

34. 8,987,942, "Wireless Power Transmitter and Method That Transmits Resonance Power Using 

Multiple Bands" 

35. 8829849, "Roof Type Charging Apparatus Using Resonant Power Transmission" 

36. 9,337,691 , "Wireless Charging Set" 

Pending Patents 
I. 15/400,348, "Resonance Power Transmission System and Method to Control Resonance Power 

Transmitting and Receiving" 

2. 15/351 ,078, "Source Apparatus and Method That Control Magnetic Field Using Two Source 

Resonators in Wireless Resonant Power Transfer System" 

3. 15/218,142, "Wireless Power Transmission System Based On Cell Division" 
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4. 15/177,732, "Apparatus and Method for Wireless Power Transmission" 

5. 15/054,824, "Electronic Device and Method for Transmitting and Receiving Wireless Power" 

6. 14/929,811 , "Apparatus and Method for Communication Using Wireless Power" 

7. 14/142,571 , "Apparatus and Method for Resonance in Wireless Power Transmission System" 

8. 13/675,055, "Wireless Power Transmission System, And Method of Controlling Power in 

Wireless Power Transmission System Based On Detection Parameter" 

9. 13/938,671 , "Wireless Power Transmitter, Wireless Power Relay Apparatus, And Wireless Power 

Receiver" 

JO. 13/742,992, "Wireless Power Transmission System and Method for Increasing Coupling 

Efficiency by Adjusting Resonant Frequency" 

11. 13/671 ,027, "Wireless Power Transmission System and Method Based On Impedance Matching 

Condition" 

12. 14/980,886, "Apparatus and Method for High Efficiency Variable Power Transmission" 

13. 14/089,112, "Apparatus and Method for Charge Control in Wireless Charging System" 

14. 13/211 ,687, "Resonance Power Transmission System Based On Power Transmission Efficiency" 

15. 14/708,844, "Apparatus and Method for Using Near Field Communication and Wireless Power 

Transmission" 

16. 14/023 ,758, "Apparatus and Method for Controlling Resonator of Wireless Power Transfer 

System" 

17. 13/614,098, "Wireless Power Transmission System, Resonator in Wireless Power Transmission 

System, And Resonator Design Method for Optimum Power Division" 

18. 13/602,524, "Sound System Using Wireless Power Transmission" 

Written in Aug. 30, 2017 

By Jinsung Choi 
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MICROWAVE WEEK
a - = 

WELCOME FROM THE IMS CHAIR

n behalf of the entire 2010 International Microwave

O Symposium Steering Committee,it is an honor and
pleasure to both invite, and welcome, you to Anaheim

for Microwave Week. The Steering Committee has endeavored
to attract the best workshops, technical papers, sessions, short
courses, and microwave exhibition possible from around the
world.

During Microwave Week, May 23rd through May28th,you will
be able to participate in the Radio-FrequencyIntegrated Circuit
Symposium (www.rfic2010.org), International Microwave
Symposium (www.ims2010.org), and the 75th Automatic Radio-
Frequency Test Group Conference (www.arftg.org). In conjunction
with the IMS, you will have the opportunity to attend the
world’s largest microwave industry exhibition featuring over 808 booths from more than 484
exhibitors. Microwave weekoffers an unmatched opportunity for networking and interacting
with leading researchers and professionals from all aspects of radio-frequency and microwavefields.

 
All registered attendees are encouraged, and welcome, to attend the Plenary Session.This
year's Keynote Addressis being provided by the Honorable Zachary Lemnios, whosetalkis
entitled “A Strategic View of Defense Research and Engineering”.

An extensive guest program allowing all ages to experience many of the wonderful aspects
Anaheim and SouthernCalifornia has been arranged.A children friendly hospitality suite
will be available to assist and provide additional individual options to all guests as needed.

Anaheim hassignificantly expanded dining and social opportunities since we were last here
in 1999. DowntownDisney and the newly completed Garden Walk along with top nameres-
taurants are nowavailable. Local transportation may not be required as these are within easy
walking distance. Anaheim Resort Transit is available should one desire.

Please have a wonderful time attending IMS2010 in Anaheim!

Best regards,

JK
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XYUcY]V]Zdh�pV̀̂XVdh�X̂TXêZdh�UYpeWVd�S]p�dbdZVUdu��vV�[S̀V�YTrS]̂wVp�S�̀SdZ�S]p�̀ST̂Vp�ZVX[]̂XSW�cTYrTSU�
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vV�[S̀V�ỲVT�x�y�ZVX[]̂XSW�cScVTdh�iV̂]r�cTVdV]ZVp�YTSWWb�̂]�dYUV�|̀V�pYwV]�dVdd̂Y]dh�Z[SZ�

pVdXT̂iV�YT̂r̂]SW�TVdVSTX[h�pV̀VWYcUV]Zh�S]p�SccŴXSẐY]�RYT~�Y]�TSp̂YojTVneV]Xb�S]p�ÛXTYRS̀V�
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cTYjVdd̂Y]SW�̂ddeVdh�iV̂]r�YTrS]̂wVp�ib�Z[V�_ll�aYX̂VZb�lVX[]̂XSW��YUÛZZVVdu
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��SZX[�ec�Y]�Z[V�WSZVdZ�Sp̀S]XVd�̂]�Z[V�̂]pedZTb�ib�ZS~̂]r�S�dZTYWW�Z[TYer[�Z[V�̂]pedZTb�V{[̂îZd�STVS�
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STUDENT PAPER COMPETITION

An 85-95.2 GHz Transformer-BasedInjection-Locked Frequency
Tripler in 65nm CMOS
Z. Chen,P. Heydari, University of California, Irvine, Irvine, United
States

Switch-Controlled Multi-Octave Bandwidth Radial Power Divider/

Combiner

Y. Hong!, D. F. Kimball, J. Yook', P. M. Asbeck?,L. E. Larson’, 'Yon-
sei University, Seoul, Republic of Korea, “University of California,
San Diego,La Jolla, United States

Low-Power Low-Noise 0.13 pm CMOS X-Band PhasedArray Receivers
D. Shin, G. M. Rebeiz, UCSD, La Jolla, United States

X/Ku-Band 8-Element PhasedArrays Based on Single Silicon Chips
Y. A. Atesal', B. Cetinoneri’, K. Koh’, G. M. Rebeiz', ‘University of
California, San Diego,La Jolla, United States, “Intel Corp., Hills-
boro, United States

Concurrent Enhancementof Q and PowerHandling in Multi-Tether
High-Order Extensional Resonators
M. Shahmohammadi, B. P. Harrington, R. Abdolvand, Oklahoma
State University, Tulsa, United States

Tunable, Substrate Integrated, High Q Filter Cascade for High
Isolation

E. J. Naglich, J. Lee, D. Peroulis, W. J. Chappell, Purdue University,
WestLafayette, United States

Implementation and Analysis of a 30 GHz Wireless Communication
System with a Novel Receiver Front-end
tZ. Zhang, Y. Wei, K. Wu, Ecole Polytechnique Montreal, Montreal,
Canada

TM Dual-ModePseudoelliptic Filters using Nonresonating Modes
S. Bastioli’, C. Tomassoni’, R. Sorrentino', ‘University of Perugia,
Perugia,Italy, 7RF Microtechsrl, Perugia,Italy

A Ka-Band High-Pass Distributed Amplifier in 120nm SiGe BiCMOS
T. D. Gathman,J. F. Buckwalter, University of California, San Diego, La
Jolla, United States

An RF-MEMSSwitch with mN Contact Forces

C.D.Patel, G. M. Rebeiz, University of California, San Diego,LaJolla,
United States

Adjustable Dielectric Using Magnetically Aligned Conductive Particles
for Microwave Applications
S. Moon, W.J. Chappell, Purdue University, West Lafayette, United
States

Dual-BandIntegrated Self-biased Edge-Modelsolator based on the
Double Ferromagnetic Resonance of a Bistable Nanowire Substrate
L. Carignan’, C. Caloz’, D. Ménard’, ‘Polytechnique School of Montreal,
Montreal, Canada, 7Ecole Polytechnique of Montreal, Montreal, Canada

Highly Directive Package-Integrated Dipole Arrays for Low-Cost 60-
GHz Front End Modules

A. L. Amadjikpé', D. Choudhury’, G. E. Ponchak?, J. Papapolymer-
ou’, 'Georgia Institute of Technology, Atlanta, United States, “Intel
Corporation, Hillsboro, United States, NASA Glenn Research Center,
Cleveland, United States
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²FbcaYBYq}b@B� a}¡FDZ}{̂G�̀}aq@́YDFG�̀}aq@́YDF

$%&��k(�'��6=2+-<�1.78�/0=07+9�n6�.9��6=�0,�

0,4�$626764±
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J��K��LM{�

�����������

����l���RV|l����'�!����mV�'����� �!"� �'"�!'��$�

����m����'��OT'

�u�(=+0�tu�t*.+0��u�?Agq./0��u��u�t\/-=f.0�(u�tu�?@A+B0�

�.*=B*��+=p./d=-�0��.-*g.*.>0��+=-.q��-A-.d

���Ol���%�'�����$�T �X��Y� ���K|��� '�$� 

O�'��R"�"���'��$���|������KKV��!�"���'

cu�ZAff*=A/.ggA�0��u�vA>=Aww)�0��)g=-.f+=f)�q=

Z=gA+)0�Z=gA+)0��-Ag�0��,+q/.@�v.g.f)>>\+=fA-=)+�

�/)q\f-d0�,B/A-.��/=A+wA0��-Ag�

����l�����'"l���!"�&��kMl��#���"����lm�!nl

����Q�"�����lW� ��J����"����$ �K��X��l������

m�'"l�������&��V����$� ��� ���''�W���lT ��'$� �

RS'"�K

�u��\BA�0�?u��A�A+)�0�[u�?=/Af*=�0�(u�?=/)�A@A�0�Zu

,+q)�0�v)��)��+d-=-\-.�)��v.f*+)g)B�0�v)��)0�(AeA+0�
�,ZZ�[���+fu0�v)��)0�(AeA+

���%l�������! �Q�&�lO�'�����KK�lJ�S

%�"�!"� 

�u�t.-=+)+./=�0�[u�,u�,-.dAg�0��u�,u�o/).B./�0�cu

v.ee./�0�(u��)d..�0�tu�?=f�d�0�Zu��Ad>\dd.+�0�cu�

Zu��.�.=w�0���+=p./d=-��)��tAg=�)/+=A0��A+��=.B)0

�A�()ggA0��+=-.q��-A-.d0��eAf.�A+q��ApAg��A/�A/.�

��d-.>d�t.+-./0��A+��=.B)0��+=-.q��-A-.d0�
��=/B=+=A�t)>>)+@.Ag-*��+=p./d=-�0��=f*>)+q0

�+=-.q��-A-.d

�����������

����lL����� �!"� �#�"�����$�T �XX��������T�� l

K���%�'X� '���������P����T'

�u�,u�,g�A*/A+=0�,u��u��A/�./0�ZAf�\A/=.��+=p./d=-�0

��q+.�0�,\d-/Ag=A

���OlL��%� �!"�RS�"��'�'��$����� ������l

|S'��&�O���X�''�W��"� '�Q�"����W �UV��!S�

 � ���"���KX��Y�¡���

Zu�Z.+B0�ou��u��\0�v*.�t*=+.d.��+=p./d=-��)��?)+B

o)+B0�?)+B�o)+B0�?)+B�o)+B

����lL����{{���#�O ���|����W��Xl���X�T ��'�l

"�������¡T���RV|K�V�"

¢u�(u��f*>\.f�g.�0��u��\/df*.�0��u�?.=+/=f*�0�(u��\/q.+�0
�¢./q=+A+q��/A\+��+d-=-\-��£/�?¤f*d-�/.�\.+w-.f*+=��

¥¢�?¦0��./g=+0�c./>A+�0���.ge*=�0�ZAg=�\0��+=-.q

�-A-.d

���%lL����P�&���m�''�&���� ���''�§�" �l

'��'�"�&��T�KX� �"V ��JW�T ��'�V!� �$� 

J�K�"��R��'���

vu�vu�v*A=�0�Zu�(A-gA)\=�0��u��)+d�0�?u�,\�./-�0�Zu�

v.+-w./=d�0�cu��.(.A+�0��u��gA+A�0��,,�0�v)\g)\d.0�

¢/A+f.0�c.)/B=A��+d-=-\-.�)��v.f*+)g)B�0�,-gA+-A0�

�+=-.q��-A-.d0�Z=f/)d)�-��.d.A/f*0�̈+.�Z=f/)d)�-�

�A�0��.q>)+q0��+=-.q��-A-.d0��+=p./d=-©�q.

v)\g)\d.0�v)\g)\d.0�¢/A+f.

��������ª���

����l«��¡� ��l'������W�T������'�Q�"���V�"�X���

T�K��R!����%S��K�!'�$ �K�P������� � �!"� 

P�"Q� n�����S#� �%�"�

(u�¬\0�(u�?)/+0�Zu��@A>)-)0��u��u��))-0�,B=g.+-�v.f*+)g)�

B=.d0��+fu0��A+-A��)dA0��+=-.q��-A-.d

���Ol«��P�Q�%�'" �|V"���������$� �RS�"��'�'

�$����''�!���%V��������W��"� '

�u�t)B)gg)d�0�Zu��/\>)d�0��u��u��)/=A�0�tu��=f.+-.�0��u

c=>.+)�0�Zu�c\Bg=.g>=�0��+=p./d=qAq��)g=-.f+=fA�q.

�Ag.+f=A0��Ag.+f=A0��eA=+0��,\/)/AdA-0�dugu0��Ag.+f=A0

�eA=+0���+=p./d=qAq�q.��Ag.+f=A0��\/­Ad)-0��eA=+0
��\/)e.A+��eAf.��.d.A/f*�A+q�v.f*+)g)B��t.+-/.

¥��v�t¦0��))/q@=­�0��.-*./gA+qd

����l«��O ���|���®�̄V���W��"�P�l¡����°̄WP±

m�!n����%�&���X���V'����R"���� ���&� K���

¡���$ �K��T�!������S

Zu�(u�t*.+0��u�,u�vA�A-A�A.=0��+q@Ap.�t)/e)/A-=)+0

�A+�()d.0��+=-.q��-A-.d

���%l«��P�&����K����J�!��'" V!"���

���� �"�K�$� ���§�O��S���� �!�����! �Q�&�

�K������RS'"�K�

Zu��u��=Ag�)@d�=0�[u��A+B0�,u�,�\��A�A/0��u�o*)/0

�+=p./d=-��)��²\..+dgA+q0��/=d�A+.0�,\d-/Ag=A

ª������ª���

����l³����KX�!"�JW�¡� ��lR������������$� ����R

��X�!�"�&��RQ�"!��'

�u�?Agq./�0�tu��Ag.B)�0�(u�tu�?@A+B�0�tu��u�c)gqd>=-*�0�
��.*=B*��+=p./d=-�0��.-*g.*.>0��+=-.q��-A-.d0�Z.>-/)+�

=fd�t)/e)/A-=)+0��gA+)0��+=-.q��-A-.d

���Ol³������lO����O���X�''�W��"� '�R�KV��l

"���®�%�'��������%�����'�'

?u��..�0�ou�́A�=�0�,u�,-=A�0�t)gg.B.��A/�0��+=-.q�

�-A-.d0�/̈�=-Ag��f=.+f.d�t)/e)/A-=)+0��\gg.d0��+=-.q

�-A-.d

����l³���������S���"�� �"�����"� ������V'

��! �l�����KKlQ�&��m��"$� K

�u�,gg.A\>.�0��u�,de.>�/�0��u�c.p)/B=A+�0�(u�?)\q�./-�0�

?u�(Af)�dd)+�0��u��.--./dd)+µ0��u��gA--µ0�Zu��Ag-./µ0�

,u���)/)�=.p�0���+=-.q�Z)+)g=-*=f��.>=f)+q\f-)/d0

/̈dA��t.q.¶0�¢/A+f.0���/=fdd)+�,�0�Z¤g+qAg0��@.q.+0�
�t*Ag>./d��+=p./d=-��)��v.f*+)g)B�0�c)-*.+�\/B0�

�@.q.+0��vZ=f/)g.f-/)+=fd0�v)\/d�t.q.¶��0�¢/A+f.0
µ,f/.)�0��)//�¤e=+B0��@.q.+

���%l³���V�"�lJ�'����"�m� "V |�"���

��"����$� ���X�!�"�&��R��'����Q�"��

��KX�'�"��J���"�¡�$"l�������T ��'K�'l

'����¡���'

Zu��f*£·g./0�Zu��\.+-.d0�tu�ZA+q.g0��u�(A�)��0�

v���A/>d-Aq-0��A/>d-Aq-0�c./>A+�

ª������ª���
����lN��T�� �l� �� ���"� K��V��"����%�'"� "���

�V��"��R��$l���"��������������X���� ���&��V���'

�u��)fAd�0�tu�t)ggAq)�0��u�̈/g)̧�¸̧0�(u�tu��))-*�0����+=p./d=-A-

�g=-¹=qt-g � g �=�)g=-¹f+=fA�q.�tA-Ag\+�A0��A/f.g)+A0�eA=+0���-= g�A-=)+Ag�

�+d-=-\-.�)���-A+qA/qd�A+q�v.f*+)g)B�0��)\gq./0��+=-.q�

�-A-.d

���OlN��T �l|����W��"� �%�'����V'���

RV|'" �"����"�� �"�����&��V����J�'���"� '

���¡T��~

�v=�u�vdA=����0��u��\��0��cq-�-=--�t =c/Aq\A-.��+d-=-\-.�)��t)>>\+=fA�

-=)+��+B=+../=+B0�vA=e.=0�vA=@A+0��c/Aq\A-.��+d-=-\-.�

)��t)>>\+=fA-=)+��+B=+../=+B0�vA=e.=0�vA=@A+

����lN���l|����W��Xl���X��''�K|�������R��Kl

X��º� �Q�"��T ��'�"������KX��'�"����P�"Q� n�

$� �R�m���"�� �"���

totu�o\)����=0��u���=+��?�0�?u��\��[(=0�[u�(=A+B��t�=0�tu��=\��[?=0�[u�?d=+��?0�?u�

�A+B�0��A-=)+Ag�vA=@A+��+=p./d=-�0�vA=e.=0�vA=@A+0
��A-=)+Ag�t.+-/Ag��+=p./d=-�0�(*)+Bg=�0�vA=@A+

»¼½¾¼¿½ÀÁÂ¼ÃÄ¾ÅÃÀÆ�¿¼¿¿ÅÇ¾¿ ÈÉÊÊËÌÉÍÊ

ÎÏÏÐÑÒÓÔÕÏ�Ö�×�ØÙ



��������	��
���
��

�

��������������������������� ���� !�"�

#$%$&�'()*+,-.�/+�012�31/.-�4-,5+1617/-.

89:;<�=>;?;>9@A�BBC�DEFGHIJKFLM�NFOM

P9QQ>R9<�STUV?W>A�XYZF[\F]HYL�̂FK_̀�Ea�

b\OcFEIELd

e11f&�ghij

#$%k&�l/75�$m,/-+,n�o12-p�j-)/,-.�/+�

q*p/1r.�4-,5+1617/-.

stu;>�v?9Qwx;tA�yZdJc\EF�DEz{ZFd

|VT}?9<�~;;Q;tA�y���

e11f&�gh�'�

#$%�&���*�r.�*+(�4p-+(.�/+�$�.,*+�e*(*p��1p�

'/p��*+(���*,-�1p+-�'��6/,*�/1+.�

�9@<��9@��;wVT�;@A�������\HJGOcIZF[�

=V?�}9@}��V?WWA�������\HJGOcIZF[�

e11f&�gh�'�

#$%$�%&�'�����q�$�j�op1�-,�-(�012�31/.-

'f�6/�-p�/+����+f�����

P�����~<9R�A��������<T;>�A� ��v��8VT�A�P�����¡V@}�A�

8�� ��~<;@}�A�¡��¡���<T¢A�¡�� >;@�A�~9R�9@�¡;:R£

¤V@UT¤QVt�P9@T�9¤QTtR@}� V:W9@uA��<R@¤>TA

~9R�9@A�¢¥9QRV@9?�~<R@}��T9�¦@R�;t<RQuA��<R@¤>TA

~9R�9@

#$%k�%&�§̈#©��gª�o'$�«��*+(�'6�*3¬�*3

l$�4.���­��'f�6/�-p.

���������	�
��
��������
��
�������������
����������
�

����������
������������
������
 ����
�������!���
���

"��#�$�
�%����#����$!&
�'��������$�
��������(��

��)��%�)*%+�)���,,,*-�)��
�"��
��..�.
����$
�

�/$���!�"�$������
���0�
�$!�
���.
���.��


���$
�
&1),"
�)�0�(�.
����$
�

2345647�89:9;<�:=>�?@A=><�B=�C38C6D:<A>�E:>:@

+��#�$�F����	�$
�+�����!��
����������.
���$!��0�+
�

/�0
����0�$�

GHII�*�GH�I

23436J7�C�KLM6>N�OP�QRLQ6SJ65TU�VBW@X6

Y:WZB=A>�[V\8�2B>AD:=>�]OC�̂B9Z�8Y:__�

5@X;̀6aA_:b6c:@B:9BX=

d��)�$�
�������$�
����+��$(�
����)��
��'����$�������

'�$�/$�#��.���
�����
�%��	�$
�'����$���%��	�$

/$�#��.���
�%��e��
�%��	�$

234P6J7�3f:_;:9BX=�Xg�:�5:O�T3V?�?@:=<B<6

9X@�gX@�]X:>6�:=>�8;̀ _̀b6VX>;_:9BX=�

C̀ _̀BW:9BX=<�h<B=i�j=9@B=<BW�2:fAgX@Y

VA:<;@AYA=9<

+��"�.��!�'�0����
����)������k��
����������ee.�
�

���F�$�!�k��
�������%�.k���
������(���
��������$�


+���������
������0��.�/$�#��.�����l�%�
�$��*

�(�
������$���(
��	�!�$
����!�m��
������l�

�$(�$����$(
����!�m�/$�#��.���
����!�m
�/$���!�

n�$(!�0
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��������> >�>TX@��� YFZ�[B\Q]̂J_�QJ�̂��QLK�oKOOB̀ �BL�edddk�̀QGC�BbKF��h�]K̂FJ�\K\lKFJCQqZ�EK�̀ Ĵ�jFKJQNKDG�BL�GCK�eddd�M[[�fBaQKG]�
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t��»?�G�AE>Lv>Ez�¼>ẅ ?̈FG�tB@EF@E�=B?«vG��F�LB@

 L?LBD

¦³°³±²¦Ç°±±

ÈÉÉÊËÌÍÎÏÉ�Ð�Ñ�ÒÓ



��������	��
���
��

�

��������� �����������������  !"##�$� %"##
&'()*�+,-,./01,23�42�54627.�8,2,734/2

9:;<<�=><>?@ABCD�EFGHI

&'(J*�KL,MN,2OP�Q/2-,LR4/2�72S�Q/23L/.

TUV;WXU�Y@AZA@UD�I[[�\]F]̂]_�̀IFa

&'(+*�)S-72O,S�K7bL4O734/2�c,Od24MN,R�42�

(d7R,S�)LL7PR

efgU;�hAiAVV;D�jklmno�plqlrstu�v�[ltunkwkox

y;?W<A?<U?>�zAgA?UWD�Hsm{knr�E|r|l�}nm~lsqm|x

&'()��*�107O3�/���7S473,S�'���42��46d�KL,MN,2OP

QLPR37.��RO4..73/L

�������;X�>�D��������;��AV�D��9�?>V����U:V;�Ai>�y;VC�D��A<>VW;?D

�?U<>��9<A<>WD���?Ui>VWU<��;��y;<<�fWD�y;<<�fWD��>VBA?�

&'(J��*)����21�Q��5������8����2�,O34/2��/O ,S�

���8,2,L73/L�¡43d�+46437.�(d7R,�Q/23L/.

����¢X;g<D�T��9£¤gA?�D��f?���?Ui>VWU<�D����f?�D�9�>�>?

&'(+��*Q/107O3�cN27b.,�¥7�J72S�(d7R,�5d4�3,L�

b7R,S�/2��4MN4S�QLPR37.R

����;>WWU?�>VD�y��¦VU<ZW:XD�9��zUg�U@D����eA@;��D�§>:X?UW:X>�

�?Ui>VWU<̈<�©AVBW<A�<D�©AVBW<A�<D��>VBA?�

&'()�ª*c41,�K4.3,L,S�5MN7L,¡7-,��N30N3��L/1�+4L,O3

+46437.�5P23d,R4R

«��=���:yf?>D��¦�y;BBf?U:A<U;?W�y;?Wfg<U?�D�9A?<A�ygAVAD

�?U<>��9<A<>W

&'(J�ª*�46d�(/¡,L¬��46d�Q/2-,LR4/2�8742�

KL,MN,2OP�+/Nb.,LR�NR426�54Q��'5K'cR�72S�).87­®

87­��'�cR

���9��̄f@D�������zVA??>VD�y��=;?�D��?Ui>VWU<��;��yAgU�;V?UAD

©AiUWD��?U<>��9<A<>W

&'(+�ª*)��46d3�&,46d3�°�'.,1,23�JL/7Sb72S�

(d7R,S�)LL7P��,O,4-,L�/2��4MN4S�QLPR37.�(/.P1,L

e��9��yXU>X�D�����XAB�D�§��=��©Ag�VBCg>�D�©������fXg�D�z���AV±

�>V�D�����UXAVA�D���?Ui>VWU<��;��yAgU�;V?UA�©AiUWD�©AiUWD��?U<>��

9<A<>WD���UV�¦;V:>��>W>AV:X��A�;VA<;V�D�=VU�X<��A<<>V?W;?��UV�

¦;V:>�zAW>D��?U<>��9<A<>W

&'()�²*KL,MN,2OP�3N27b.,��46d�'³O4,2OP�(/¡,L��RO4.�

.73/L�NR426�87­��'�c

9��9XU?D����yX;UD�T���UBD�9���>>D�9���UBD�e��yX;UD���A?��;;?

�?Ui>VWU<�D�9>;fgD��>Cf�gU:�;���;V>A

&'(J�²*)�ªª�²��8���(7RR4-,��4́,L�42�548,*Q�J40/.7L

c,Od2/./6P

µ��¶WWA@;i�D�T���?ACC�D����=;£?;�W@U�D����§XU>�>�D�=��

9UB�f>V�>V�D��?Ui>VWU<���A�>V�;V?D��A�>V�;V?D��>VBA?�D�
�¶?·?>;?�§>:X?;g;�U>W���D�h>f�U�>V�D��>VBA?�

&'(+�²*²+�5PR3,1�42�(7O 76,��23,6L734/2�/��̧�

8���)0,L3NL,�Q/N0.,S��4OL/17Od42,S��4OL/R3L40

)23,227R

9��zV>�>gW�D�����;XABBA�C;fV±��X�AB�D�=��©>��A>�<�D�

���µA?�>?�;W:X�D��¶�«yD�T>i>Vg>>D�z>g�UfBD��A<X;gU>@>

�?Ui>VUWU<>U<��>fi>?D�T>i>Vg>>D�z>g�UfB

&'(J��*+P2714O��726,��,SNO34/2�+N,�3/��K�72S

�176,�54627.�Q/�'́4R3,2O,�42�7��46d.P��,L6,S�

ª��®��¹�8���+N7.�J72S��/¡��K�+/¡2O/2-,L3,L

e��9�f�D�y���>?��D����TfA?��D��hA<U;?Ag�yXUA;�§f?���?Ui>V±

WU<�D�TWU?:XfD�§AU�A?D�hA<U;?Ag�hA?;�©>iU:>��A�;VA<;VU>WD�

TWU?:XfD�§AU�A?

º»»¼½¾¿ÀÁ»�Â�Ã�ÄÅ



��������	��
���
��

�

��������� ����������� � !���"��#!��
$%&%'�()*+,-./0�1)23�&,-0+�&+,*04404'�(,506)72�

.75�8996)*.:),74

;<=>?<�@?ABCBD�EFGHIJKGLM�NMKOPQIKRS

T<U?AB�V?WWXYZ[\<YB]BD�NMKOPQIKRS�F̂�_LSQPHRJ

$%&̀'�&,-0+�8a96)b0+�c)+*d):4

eYBUf<�gXf>?D�hKiQFjLOP�kFjPQ

$%&l'�&,-0+�8a96)b0+�m0/)*04

nX<�]X�oYXX]XD�pPq̂R�NMKOPQIKRS�F̂�rPiJMFqFsS

\XZXY�t=uXfAD�NMKOPQIKRS�F̂�vLqK̂FQMKL�wLM�pKPsF

$%&%xy'z{|}�l1~�$./02d)50�&6.4a.�l070+.:),7�)7�c�6)75+)x

*.6��:+d*:d+04

����XYY?D�����X�nX<D�o��TBY?BU?�\Y?�?BU?D�\����==<D����oXff>?<U?D

�U?�XY=?Z��\<W?ZXfU?fB�]XWWX�TBYf>XD�tUf<UBD��ZBW�

$%&̀xy'�)27.6�&+0xm)4:,+:),7�.75��.75-)5:3��0�d)+0a07:4��,+

�0�d07:).6�&,-0+�8a96)b0+4{

���nX>�BUUD�����U<Xf>XWD��U?�XY=?Z��<���?XWD��?XWD��XY�BU�

$%&lxy'8�c,a9.*:�̀6)9�c3)9��)7260�m)0�$)̀)�̀%(��,+

�a.+:�&3,70�8996)*.:),7

���;�XU�D����nB�Y=XU�D�����>��D�;��\B<�D�t���>XYU�BA<��D�\�

�X?]X�D����?f��<���U?fBZ?<U=D��Uf�D�g�UU��BWXD��U?ZX]

gZBZX=D����f<=�t�D�T�U?f>D��XY�BU�

$%&%xz'z{|}�l1~�&0+�d.:,+�10.:)72�(,5d60��,+��75d4:+).6�

�7b6:+.:),7�&+,*04404

g��gZBUf�W<�?f�D�n�����eX>XY�D���BYW=Y�>X��U=Z?Z�ZX�<���Xf>U<W<��D�

�BYW=Y�>XD��XY�BU�D���BYW=Y�>X��U=Z?Z�ZX�<���Xf>U<W<��D��BYW=Y�>XD�

�XY�BU�

$%&̀xz'8�z�5�a��)70.+��d:9d:�&,-0+�8a96)b0+�-):3�zy{� 

%¡*)07*���,+�¢££(1~x¤.75��l&&��¥%��̀m(8�.996)*.:),74

;������><CD�������@�X<D�V������>BUD����n��nB�D�g������><<D�t�B�<��Xf>U<W<[

�?X=D�¦B�BU�nX�B=D�TBWB�=?B

$%&lxz'8�1)236��%¡*)07:�yxl1~§�y}x$�&,-0+�

8a96)b0+�m04)27��.405�,7�.�}£ẍ��m(���¥+.74)4:,+

\��g?U�XYW�D����eB�XY�D�©��VBU��D����gf>�uXYZ>ªD���U«UX<U�

�Xf>U<W<�?X=�t�=ZY?B�t�D�o?WWBf>D�t�=ZY?BD��>BW�XY=�

�U?�XY=?Z��<���Xf>U<W<��D��<Z>XUu�Y�D�gCX]XUDªo?XUUB�

�U?�XY=?Z��<���Xf>U<W<��D�o?XUUBD�t�=ZY?B

$%&%x�'$,,5�¥)a¤0+�m)4)7�04:.:),7�¤��()*+,-./0�&,-0+

8996)*.:),7

t�����©<UB[¬YZ?­D�¬���BW]XY®U[n�UBD�̄��o��¦BWuB=ZYX[�X°X]<YD����]X�W<=�

�X�X=D���t�t��X=XBYf>��U=Z?Z�ZXD�oBWXUf?BD�g�B?U

$%&̀x�'8�±,/06��+,.5¤.75�&,-0+�8a96)b0+�8+*3):0*:d+0��,+

1)23�%¡*)07*��.75�1)23��)70.+):��8996)*.:),74

������tW?]?<D�V��nXXD�t������BWWBD�T��tf><�YD��B�=�BU��<Y�<YBZ?<UD�gBU�

�?X�<D��U?ZX]�gZBZX=

$%&lx�'1)23x%¡*)07*���+,.5¤.75�&,-0+�8a96)x

b0+�m04)27�¥0*37)�d0��.405�,7�.�(0.4d+05x�,.5x

�)70�899+,.*3�

g���?�eBWf<�D�t���B²<�D�e��gfB��B�?�B�D�����X=fB�D�T��\B�BU?ªD�

���oBUU?U?�D��U?�XY=?Z��<��eXYYBYBD�eXYYBYBD��ZBW�D��T���=�Y�W�D

¦<W<�UBD��ZBW�D�ª�Y?f==<U��³���ZBW�D�o?�<]Y<UX�́T�µD��ZBW�

$%&%x|'(0.4d+0a07:�,��5)060*:+)*�9+,90+:)04�.:�3)23x

:0a90+.:d+04�)7�+0.6x:)a0�-):3�*�6)75+)*.6�*./):�

t��̄���BU<=[TBY?UD�e��n��\XUBYBU]B[e<?¶D�̄��T���BZBWB[�?�XYBD�¦��

�BYf?B[¦BU<=D��\oD�oBWXUf?BD�g�B?U

$%&̀x|'8�a0.4d+0a07:��0:xd9�.75�a0:3,5,6,2��*,a¤)7)72�

5�7.a)*�¤).4)72�.75�¤.40¤.75�9+05)4:,+4),7��,+�3)23�0¡*)07*�

.75�6)70.+�.a96)b0+�504)27�

T��gBB]��W��?UX�D�����X�X�YBU]�D����@X�X�¶�D�\��¦<��==X�D����¦BYBZB�]�D�̄��

@Xu�=�D�V���XuXYUBA�D��U?�XY=?Z��<��W?�<�X=D�n?�<�X=D�eYBUfXD����tn�g

�<���U?fBZ?<U=D��<W<�uX=D�eYBUfX

$%&lx|'�.40+�m+)/0+��-):*3)72�z£�8�-):3�z�74�&d640�

$)5:3�·4)72�l.±

t��n?XY<D�t���WX>YD�g��gf>CXYZ�X�XYD�����<²�BUUD�V�

�X?UY?f>D�eXY]?UBU][¦YB�U[�U=Z?Z�Z��̧Y��<Xf>=Z�YX¹�XU­[

ZXf>U?AD�¦XYW?UD��XY�BU�

$%&%x}'1)23xº�8996)*.:,+4��,+�()*+,-./0�&+,*04404�)7

(.:0+).6��*)07*0

\���<��ZD�V������CBYXAD�VBY=BC��U?���<���Xf>U<W<��D�VBY=BCD�\<WBU]

$%&̀x}'%7/06,90�¥+.*»)72�&,-0+�8a96)b0+��,¤d4:�:,��.::0+��

m0960:),7

�̄��><?D�����?�D�����BU�D�̄��\BYAD�¦��̄?UD�¦���?�D�\<>BU���U?�XY=?Z��<�

gfX?UXfX�BU]��Xf>U<W<��D�\<>BU�D��X��uW?f�<���<YXB

$%&lx}'�7/04:)2.:),7�.75�87.6�4)4�)7:,�m0/)*0

�9:)a)~.:),7��,+�8::.)7)72�%¡*)07*)04��7x%¼*044�,��

�£ �$307�8**,d7:)72��,+�1)230+�1.+a,7)*4

t��n���WBYAXD�T��tA�BWD�̄��nXX=D�\��̄���B=AXYD�̄��¦XUX]?AZD

�BY]?²��U?�XY=?Z�D��BY]?²D��U?ZX]��?U�]<�

$%&%x½'m)060*:+)*��06.¼.:),7��:d5��,���)7.+��()¼:d+04�,��

zx(0:3,¼�.:3.7,6�)7�±):+,¤07~070�.75�c36,+,¤07~070

·4)72�¥)a0�m,a.)7��0�0*:,a0:+�

������eBZZX��Y�D�g��¦��gB��B]�D�@�����t�Bf>?ZªD�\��V���>?YB]X¾D�g�����

TX>Y<ZYB¿D��¦B=B�X=>CBY�gf?XUfX��<WWX�XD�¦B�BWA<ZD��U]?BD�T?WW?�B�

tYZ=�gf?XUfX�BU]�TBUB�X�XUZ�gf?XUfX��<WWX�XD�¦XX]D��U]?BDªª��¦o¦

�<WWX�X�<���U�?UXXY?U��BU]��Xf>U<W<��D���uW?D��U]?BD�¾�Y�¦�t�T��U?[

�XY=?Z�D�t�YBU�BuB]D��U]?BD¿�Y�¦�t�T��U?�XY=?Z�D�t�YBU�BuB]D��U]?B

$%&̀x½'ºd.5x�.75��7/0+40�c6.44x̀�&,-0+�8a96)b0+�d4)72�±,/06

c,a9,4):0��)23:À�0�:x1.7505�¥+.74a)44),7��)70

�̄��><?D����gX<D�g<<U�=?W��U?��D�gX<�WD��X��uW?f�<���<YXB

$%&̀x¢'1)23�&0+�,+a.7*0�$)50¤.75�m)2):.6�&+05)4:,+:),7�

&6.:�,+a��,+��lÁ�8996)*.:),74�-):3��0::0+�:3.7�}}5�*�,/0+�|£�

(1~��.75-)5:3

t���CBU�D�¬���B��?�D�T���XWB<�?�D�e��T���>BUU<�f>?�D���YXXU��B]?<��Xf>[

U<W<�?X=��Uf�D��BW�BY�D��BUB]BD���U?�XY=?Z��<���BW�BY�D��BW�BY�D��BUB]B

$%&̀xÂ'm,30+:��8a96)b0+�-):3�%7/06,90�¥+.*»)72��,+�1)23

%¡*)07*�

�̄�T<<U�D�̄��g<U�D�̄���?��D�����?��D�g��̄XX�D�;��;��V<<�D�¦���?��D�\<>BU���U?[

�XY=?Z��<��gf?XUfX�BU]��Xf>U<W<��D�\<>BU�D��X��uW?f�<���<YXBD��gB�=�U��

�WXfZY<U?f=�f<�D�n��D�g�C<UD��X��uW?f�<���<YXB

$%&̀x�'m04)27�,��.��+,.5¤.75�.75�1)236��%¡*)07:�|}$�l.±

&,-0+�8a96)b0+�/).��)a96)b05��0.6�̀+0�d07*��¥0*37)�d0

���V�D�e��TAB]X�D�g��¦<��B?­BD��U?�XY=?Z��<��VBZXYW<<D�VBZXYW<<D��BUB]B

$%&̀xy£'85.9:)/0�5)2):.6�9+0x5)4:,+:),74�¤.405�,7�.¡70�9+,Ã0*x

:),7�.62,2+):3a��,+�$cm(89,9-0+�.a96)9b0+.9996)9*.:),74

;��?��D�g���>�U�D�̄���?��D�����?��D�����B>U�D�̄���?��D��CBU�C<<U��U?[

�XY�XY=?Z=?Z�D�DgX<gX<�WD�WD�X�X��u��uW?fW?f<�<��<�<YXBYXBDD���<Y�<YXBXB��WX�WXfZYfZY<U?<U?f=f=��Xf�Xf>U<>U<W<�W<������U=ZU=Z?Z�?Z�ZXDZXD

gX<U�U�B�DD��X��u�W?f�<���<YXB

ÄÅÅÆÇÈÉÊËÅ�Ì�Í�ÎÏ



��������	��
���
��

�

��������������������������� ��� !"�#��!
$%&'(�)*+,�-./�01234�5-463789.:�83;5.1<1:937

=>?@A?B?@�CD?EFGHIG@J�KLMNOL�PLQMRSRTUQ�VL�PLSLQRWXMUQYZ

QURM[�VL�KYNYSXM\Y�]KPPK̂

_̀aH�b?@DBBGJ�cMUdLO[UN\�Re�fLOXTUY

)11g(�hij'k

$%&k(�l163<�m4-.7g97791.�n84o;8o437�

-./�p5-4-;8349q-891.

CD?EFD�rBDsAtDEGHID@J�cu�PRORMNR

vGatHDB�wDIBDEJ�cu�PRORMNR

)11g(�hix'k

$%&p(�l163<�m3;5.1<1:9;-<�)3-<9q-891.7�1y�

*9<8347�-./�zo<890<3{347

|GaD}AD�~?EGHJ�PLQ�MUQYS�cMUdLO[UN\�Re��YSLMQUY

�̀G�D}��H?�J��O�UNYS��QULMQL[�KRO�u

)11g(�hi�'k

$%&,(��9:5�7033/�n9:.-<��41;3779.:�

p94;o987�y14�$943<377�-./��089;-<��

p1ggo.9;-891.�n�783g7

�?GatG�v̀EHAHJ��PP�f�RNRMUQ[��Y�[u

rI�HEI�CD�HEHJ��LROTUY��M[NUNXNL�Re�PLQ�MRSRT\

)11g(�hi�p

�������������

$%&'��(��1.:�4-.:3��<12�01234���*�)*+,�-.-<1:

y41.8�3./�7o98-�<3�y14��-8834�<377�2943<377�73.7147

= �|H¡�J�� �¢?BHE�J�£ �bD�?BB?¤J�£ �C̀AG¥EED¡�J�b �~DED}F̀DE�J
�¦r£§�H}I�§Da}̀}J�¢H}�¢D�H@AG̈}J�¢>HG}J¤©HE@D}@J�¢H}�

¢D�H@AG̈}J�¢>HG}

$%&k��(�p1g0-;8�'489ª;9-<��9.3��5-73�n59y834�1.�

*34413<3;849;�m59;«�*9<g�p34-g9;7

v �¢H¡DFHE�J�� �wtD}F�J�� �vH̀}D�J�¬ �wt?̀¤J�¦ �­H®®�J�

b �̄H°?�±�J�§²�­HE®@AHIAJ�­HE®@AHIAJ�CDE®H}±J�
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bD>̀�BGa�?s��?EDH

�º�¤�����º���

$%&,�j(�'�x�k98��9.3-4�k9.-4��)*�,'p�9.

i·hjÈg�n9µ3�k9pz�n�y14�p1ggo.9;-891.

n�783g7

v ��tHsHÇGJ�� �C̀@AHAJ�̄ �¢atD±AAJ�£�́�vGaE?DBDaAE?}�

Ga@J�©EH}°s̀EA�¹IDEJ�CDE®H}±

�º�������º����
$%&'�j(�'�/369;3�<363<�-.-<1:�-./�/9:98-<�7o�7�783g

n�+p%�<9�4-4��y14�853�/379:.�1y�<12�;178�03.8-;3.3

�*%m�)*+,7

b §G}G³DBBHJ¢ ¢tD}Jv ́GE?BHJC CtG?}DJ| ¦H®HEatGHJb �§G}G³DBBHJ�¢ �¢tD}J�v �́GE?BHJ�C �CtG?}DJ�| �¦H®HEatGHJ�

?́BGADa}Ga?�IG�§?EG}?J�§?EG}?J�£AHB±

$%&k�&(�k-./29/85�%.5-.;3g3.8�1y�no�784-83

+.83:4-83/�$-63:o9/3�mo..3<7�����1.:98o/9.-<

)371.-.;37�

= ¦?E?}H�¦tH³D¡= �¦?E?}H¦tH³D¡�J§ £A?tJ�§ �£A?t�JJ��²}G³DE@GA±?s¦HBGs?E}GH²}G³DE@GA±�?s�¦HBGs?E}GH�

HA�_?@�=}FDBD@J��_?@�=}FDBD@J�²}GADI�¢AHAD@J¤£¼=¹rJ

´̀D�BHJ�vDÉGa?

$%&p�&(�p1g0-;8�$9/3�k-./�)9/:3�$-63:o9/3

,o-<�k-./�*9<8347
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È�EFK�£I¥oK�naFC��GAIJHCa�IK�¦IACB��lCECBH

ÆÇÇÈÉÊËÌÍÇ�Î�Ï�ÐÑ



��������	��
���
��

�

�������� ������������������ �� !"#�$ ""
%&'()�&*+,�-./01�234�51.24�5234�
6789*:01;<
=>??@A�BC?D�EFGHIJK
BCLC�MLNOOCD�PHQR
S..7)�TUVW

%&'X)�%,0�Y782Z[�.\�]23.090Z[1.3*Z;�.3�
S24*.�̂10_̀03Za�%0Z,3.9.+a
bcdce�f>OOceD�Hghijklhig�mjkngolkpqgp�rsjgjhigj
t>uC@�bCce@AdNACD�mjkngolkpq�Evwkpghjkhq�xgvvg�
rqohig
S..7)�TUV(

%&'(yz)�6�{|}�X~Z*03Za��Wy5234�zUU�
�2]�-./01�6789*:01�\.1��82Z0�6889*Z2[*.3;
����@?@O@LC�D����BCdd@L@�D�����CA@?C�c�D�B��
�@?@>u�C�D�����C�@�D�����NdN�D�����@L@�@?@�D
���BNAN�D�����NO�C�@�D��CdO>�CO�C���cudeCu
�Ne�Ne@dCNAD�Md@?CD��@�@AD��CdO>�CO�C���cudeCu�
�Ne�Ne@dCNAD�B@?@L>e@D��@�@AD��@�c��cu�AN��
N���MAuD�B@�@ACO�CD��@�@A

%&'Xyz)��07*Z.34̀Z[.1�]23.72[01*29;�̂.1�S24*.�
1̂0_̀03Za�(0�*Z0;�234��a;[07;
������fN�ceOD��AC�ceOCd��N��M��CANCOD���@?�@C�A��e�@A@D
��@?�@C�A��e�@A@D��ACdc���d@dcO

�� �¡����� ¢¡

%&'(yT)�£�01�zU��Wy¤̀�5234��2]�¥¥YW
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&'(l*�l>/83/1.7�<370=35�./,�m;2516�m;6=8.53>/

ZnopqXCA�FpAGXrI�RSTUQLPTVK�̂g�hMSVMsLTM

&'()tu*&b1�v=./5=6�:w1052�>/�&b1�&7./263223>/

(7>x175312�>y�(173>,30�z>,�+77.;

�����������	
�������
�������	
������������������������������

������������������������ ���!"� 
�����#
��$���������#
��$��
���������������� ���!"� 
�����#
��$���������#
��$�������

���%��&��$��"� ����������'���$��������$����'�������������

��$����'�������'���$���

()*+,-./0123456�*72705852�9:827;8<3=

+58>36�?32�@7A�)9+(�3=�B<�BCDE82785

%��F$��'$G���%��	���$�H�����I��J�KL$�����'��'$
�

��������������'��'$
��
�K����M��G�����������������

"� 
��G�N���M��G����I��K$�������������������J$���G��

J$���G��I��K$��

()*A,-.+365O<=P�Q7=6,*7EE�B701O<=P�R5;5<4,

52E�A3=O<=572�Q5>74<32�<=�S<T525=8�AUVC<E8�

W3=5E�

X�����#��&�����M��#$��$G
���Y"���������'$'��'��%�������

%�������X����N$G

()*Z,[.9:152<05=87O�S<5O5;82<;�B5=E<=P�3?�

07852<7OE�CE<=P�91E<O3=,A572,W523�8C==5O�<=�B/\�

85;>=3O3PU

�����]$��̂���$G�����%��#����$̂#
$��&���_��̀������
����F�

�$�����&̂M����������I��I�������̂ab�'$����Y�%ac��"��$�̂

&���G$����d� �����_�%̂X��#
�G�G$����d� �

()*+,[.(>5207O�R5E<E87=;5�+365O<=P�?32

8>5�9O5;8238>5207O�e7U3C8�3?�)<P>,*3f52�Rg�

(27=E<E832E

X�����%$����F�����'���������c���$�����h���� $G��

��K� ��'� ����Y� ���"�KL��������'���$���

()*A,[.Q5>74<327O�+365O�i=7OUE<E�3?�i;8<45�

)7203=<;�e376,1COO�+57EC2505=8E

���X�����'��N�������������$������_����GG$K����F���������

F��M���'�H����X��F��"$�H�����#$�'�j�������������#$�'�j��

�����'�J��N'�K�����K�d�M��$']$�'��M�G�$���������'�

J��N'�K

()*Z,k.i�l3=;5=82<;7OOU�l322CP7856�A572,g<5O6�

*O785

���h��YK$����%��I�]� ������������������ 
�N$���%���%�]���

�����'���$���

()*+,k.A3=O<=572�)9+(�+365O�S<25;8�g320C,

O7856�g230�8>5�B5;3=6,m2652�S52<478<45�3?�8>5

/,no�p,n�l>727;852<E8<;E

���������F���$�����������I���N������	
$�N���������������

���cG� ����� �� ��� ��$�'�"� 
��G�N�����#
��$��

#
��N'���#
��$���"�$�b���������������"�$�b����#
��$��
��$��$�N�"� 
��G�N� $G����������������N$L����

���N$L�����#$�G�����������������a��$q$��#$�$'$

()*A,k.i�SC7O�Q27=;>�)70052E85<=,\<5=52�i2,

;><85;8C25�?32�Q5>74<32�+365O<=P�3?�\<65D7=6�

Rg�(27=E0<8852E

h��"$���N����a���$KK���h�����I
$���� 
�����������������

#$GN$����#$GN$����#$�$'$

()*Z,r.i�B172E5�@2<6�D7E56�l3OO3;78<3=�+58>36

?32�+365O�m2652�R56C;8<3=�3?�g<=<85�9O505=8�i1,

123:<078<3=E�3?�*7EE<45�9O5;82307P=58<;�S54<;5E

C=652�s=;5287<=8U

X�������K$�������������%��#��#$�N�GG$������������%G������
���������������YGG������$����]$�$̂#
$KL$�N�����]$�$��

�����'���$�����cd���K�̂_%�#��L��$�������$��$�#G$�$�

�����'���$�������������������YGG������$����]$�$̂#
$K̂

L$�N�����]$�$�������'���$���

()*+,r.A3=O<=572�l>727;852<t78<3=�(5;>,

=<VC5E�?32�/01234<=P�i;;C27;U�3?�@7A�)9+(�

+365O�*256<;8<3=E�<=�Rg�*3f52�i01O<u52E

����$�$������F��%��I$� �$������#$]��$���"��%]$GG����X�

#$]�$G���F��#��X�'��������������'$'�'��#$��$]��$�

�$��$�'�����L$������������'$'��'��%�������%�������

X����N$G

()*Z,v.i�@5=527O�[S,gSgS�D7E56�9<P5=,S<5O5;82<;�

g320CO78<3=�3?�8>5�+7:f5OO�9VC78<3=E�?32�i2D<,

8272U�\745PC<65�B82C;8C2822C;C;;8C8C2C25255E

%��I$�]G����h��I��G'����a�����J$�$]�������F$H�]���"� 
%�%��I$I$�$��]]G�G��������h�h��I�I����G'G'�'��������a�a�������$�$]�����F$H�]��J$J$�$�$�$$]]������������F$F$$H�H��]]�����"�"� � 
 

̂

��� 
�����������$���_$�K��$'���_$�K��$'���I��K$��

()*Z,w.B>715,*25E524<=P�R5E13=E5�*256<;8<3=�?32�

+<;23f745�l<2;C<8�+365O<=P

���J�&��G�����Hb$��H����������������Hb$��H��Y �G$�'

()*Z,x.i�B<01O<u56�+58>363O3PU�?32�+78;>56�

g<O852�S5E<P=�f<8>�;3=E827<=8E�,�g<O852,i=85==7�

BCDEUE850�?32�B17;5�i11O<;78<3=

����$��K������M�G$������̀��'�K�������#
���K������#
$��$̂

G$�������"
���������"������'�������M��X$G$ �����
��#$�GG� ����
���Y�̂����������������K�N������K�N����h�$� ����#�c��

"��G������h�$� ����"
$G���%G���$��L$ ���"��G������h�$� �

yzz{|}~��z�������



��������	��
���
��

�

�������� ����������� � !���"��#!��

$%&&'�()*+,-./�0,�&1+,+2�3014.2�5./06,/

789�:;<=>�?@ABCDE�FGBHIGHJ�KL@M

$%&N'�OP,Q&1+,+2�&+//0*.�3014.2/�+,)�RS140T1.U.2/

V;;W;X�Y;<Z[\]>�̂IB_H@JBC̀�La�bDCH@ELL

c;dX8;]�e;f9>�̂IB_H@JBC̀�La�gD@̀EDIh

$%&i'�32.jS.,-k�(601.l�i.-P,m6S2+n1.l�$S,+n1.�

+,)�(-40*.�3014.2/

o;<�p\<Xq]>�̂IB_H@JBC̀�La�rHHhJ

$%&&Qs'tu+2TQi.v.-40P,�w2P+)n+,)�R0-2P/420T

w+,)T+//�3014.2/�x/0,6�yP+).)�zT.,QyPPT�

i./P,+4P2

:{�|\>�};X9[<;~�7q<X];~��<9�q]Z9X�>�|;[�\;<>�|;9d;<

$%&NQs'tk,4u./0/�P��RS140Q�PST1.)�i./P,+4P2

3014.2/��04u�32.jS.,-kQ5.T.,).,4��PST10,6/

:{�Yq<=�>�p{��qq�>�c{��{�e;f9�>��{��{��X9;�>��<9�q]Z9X��[W�

Y;]�~;<�>�7[~~q=q��;]f>��<9Xq���X;XqZ>���]�9X;~���9q<�q�

7[]�[];X9[<>��\~~qZ>��<9Xq���X;XqZ

$%&iQs'����%��P,��u0T��+/-+).)�3014.2�x/0,6

yP��N��,)S-4P2/

�{�c{�c[]�;<�[Z�>�|{�c{��\;�8�>��{��{��]~;<�[�>��{�

�{�Y;XX;�;<;�>�c{��{��][�qZ�>���[q9<=�VqZq;]�8�

;<��|q�8<[~[=�>��q;XX~q>��<9Xq���X;XqZ>���9]��[]�q

VqZq;]�8��;�[];X[]�>��;�X[<>��<9Xq���X;XqZ

$%&&Q�'5./06,�P���0).�t0,61.Q�5S+1Q&+//n+,)�

R0-2P/420T�w+,)T+//�3014.2/��04u��P�nQyP+).)�

i./P,+4P2/

7{�|;<=>��{�pZ\>� {�:\>�};X9[<;~�78\<=�78q<=��<9�q]Z9X�>

789;¡�9>�|;9d;<

$%&NQ�'�P�T+20/P,�P��1P//k�m14.2/�+,)�T2.)0/Q

4P24.)�m14.2/�S/0,6�,P*.1�/P�4�+2.

�{��;�9~~;�>� {�Y;Xq\�>�7{�7[~~;�[�>�7{��]<ZX�>� {�Y{�V9\Z�>� {

Y{�|;�;�[�>� {�Y{��¢7;~~;=8;<�>��<9�q]Z9X;X��[~9Xq�<9�;�

�q�7;X;~\<�;>�7;ZXq~~�qWq~Z>���;9<>����>�}[[]�d9£f>

}qX8q]~;<�Z

$%&iQ�'(�O.��31P+40,6�(-40*.��,)S-4P2�x/0,6

i./0/40*.�3..)n+-¤�$.-u,0jS.

�{��;9>� {�Y;[>�7q<Xq]�W[]�Y9�][d;�q�;<��V��|q�8¡

<[~[=9qZ>��8;<=8;9>�789<;

$%&&Q¥'5./06,�P��(�R0-2P/420T.�w+,)T+//�3014.2

�04u�+��0).�t4PTn+,)

p{��;9�>�7{�|;<=�>� {�:\�>��{��9<�>�};X9[<;~�78\<=�78q<=

�<9�q]Z9X�>�789;¡�9>�|;9d;<>��78q<=��89\��<9�q]Z9X�>�

c;[8Z9\<=>�|;9d;<

$%&NQ¥'3+n20-+40P,�P��&$3¦Q3011.)��+*.6S0).�

w+,)T+//�3014.2�x/0,6�ti�502.-4�¦4-u0,6

Y{�c9Z898;];�>�Y{�c;X[�>�p{�ofq\�89§>�c{�Y\];9§>��{��f9X;�>

�{��XZ\�9�>�|{�c;d;9§>�o{��8X;§>��f;�;�;��]qWq�X\];~�

�<9�q]Z9X�>��[£;>� ;�;<>��<9�q]Z9X��[W�p�[=[>�c;�9=[]9>�

 ;�;<>�§�<9�q]Z9X��[W�p�[=[>�p9�q£9>� ;�;<

$%&iQ¥'(�$S,+n1.�w+,)T+//�&+4-u�3014.2��04u�

+̈2+-4P2/

�{��{��q]];<[�>�|{��{�©\[<=�>��{��{�7[]]q];�>��{��q]];]9�>
��]q<[�~q�o}�>��]q<[�~q>��];<�q>���<9�q]Z9X��[W��ª[�

�;\~[�«���¬>��ª[��;\~[>��];­9~

$%&&Q®'i3�tk/4.���,4.62+40P,�+,)�R0,0+4S20�+Q

40P,�S/0,6�()*+,-.)�&P1k�.2/

Y{��d;�9<;X8;<>��{�pd;<=>�}{��~X\<�\]X>��{�Y9<>�

�q[]=9;�o<ZX9X\Xq�[W�|q�8<[~[=�>��X~;<X;>��<9Xq���X;XqZ

$%&NQ®'5S+1�w+,)T+//�y+)).2Q4kT.�3014.2

 {�©q]�̄>��{�Yq<°<�q­>��{��q��;�[>��{�7[]];~qZ>��<9�q]Z9X;X

�\X±<[�;��q��;]�q~[<;>�7q]�;<�[~;��q~�©;~~°Z>���;9<

$%&iQ®'i.-P,m6S2+n1.Qz2).2�w+,)T+//�3014.2

�P2�32.jS.,-k�(601.�tk/4.�/

p{�p{��9=�;]ZZ[<>� {��qq>��{��q][\~9Z>�:{� {�78;��q~~>�

�\]�\q��<9�q]Z9X�>�:qZX��;W;�qXXq>��<9Xq���X;XqZ

$%&&Q²'5./06,�P���³��%���Rzt�w+,)T+//�

3014.2/�x/0,6��P�T1.�.,4+2kQ�P,)S-40,6�t420T

$2+,/�0//0P,�y0,./

�{�pZ9;[>�7{�|Zq<=>�};X9[<;~�|;9d;<��<9�q]Z9X��[W���9q<�q

;<��|q�8<[~[=�>�|;9�q9>�|;9d;<

$%&NQ²'́Qw+,)�R0-2P�+*.�&P�.2�50*0).2�w+/.)�P,

wP�Q$0.�tu+T.)�50.1.-420-�i./P,+4P2�%06uQz2).2

RP)./

�{�c{�p;���>��{��{�c9Z8f�>��{�c;£Wq­�>��{�|;~�9�>��<9�q]Z9X°

�\��\°�q��q<��\X;[\;9Z>��;X9<q;\�«p\~~¬>�7;<;�;>�|8q

�<9�q]Z9X��[W�Y9ZZ9ZZ9��9>��<9�q]Z9X�>��<9Xq���X;XqZ

$%&NQ�'(�OP*.1��,4.62+4.)�$UQiU�50T1.U.2��P2�

5S+1Qn+,)��0R(́�tk/4.�

�{�p{�c9���>��{��{�c9��>� {�o{�V�\�>� {�7{�c9��>� {�7{��;]f�>�7{��{�

�;]f�>��c[]q;��~q�X][<9�Z�|q�8<[~[=��o<ZX9X\Xq>���q[<==9¡

�[>�Vq�\�~9��[W�c[]q;>�Y�[<=£9��<9�q]Z9X�>���q[<==9¡�[>

Vq�\�~9��[W�c[]q;

$%&NQµ'%06u�N�t(��i./P,+4P2�x/0,6�STT.2Q.1.-Q

42P)./�P,��2PP*.)Q.1.-42P)./�0,�y0$+z¥

|{�c9�\];>�Y{�c;�[X;>��{�o�;>�Y\];X;��W={>�[{~X�{>��;Z\>

 ;�;<

¶··̧¹º»¼½·�¾�¿�ÀÀ



��������	��
���
��

�

�������� ������������������ �� !"#�$ �"

%&'()�*+,-./012�&+34�5./2-�5-.,26626)�*.728+93�

097�(::8+,0;+.96

<=>?@AB=C=�DE>FGHI�JKLMKN�OPQRSLMQTU�VW�XSYZPV[V\U

]=̂_̀�a=b@c>EcI�JVLYSMTSL�dV[UTSYZPQY�ePMTQTfTS

g..h)�ijk(l

%&'l)�m2--.no82,;-+,�097�(,.p6;+,�q21+,27�

097�r.h:.929;6
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���������®���

%&'(ni)�(�*.728+93nl0627�%2,49+̄p2��.-�°.972n

6;-p,;+12�o108p0;+.9�.��*2;08�5./72-6�±972-3.+93

*+,-./012�¢+9;2-+93

|��]���A@cb@�I�©��²��<FAvH��I�]��]��a=b@c>Ec�I���=A=C@c�

�C=CE��EGHs_G=>��s_cEAt_C�I��=A=C@cI�uFtt_=s�³ÊEA=C_@sI�
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|̈̂@>c=ŝI�¹b>=H@̀=��C=CE��s_cEAt_C�I��F>t=I�
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%&'rnk)�¦+728��%p90�82�&+34n¬�m+8;2-�p6+93�

5806h0�*0;2-+08
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��@>�CEGHs_G��s_cEAt_C��@��]=>EsG_=I�]=>EsG_=I��v=_sI�
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MICROWAVE WEEK 
IEEE FELLOWS

The membergradeofFellow is conferred in recognition of unusual and outstanding professionaldistinction.It is awarded at the
initiative of the IEEE Board of Directors following a rigorous nomination and evaluation process.Individuals receiving this distinc-
tion have demonstrated extraordinary contributions to one or morefieldsof electrical engineering, or related sciences. The total
numberofFellows selected in any one year does not exceed onetenth of one percent ofthetotal voting Institute membership.
Fifteen MTT-S members who were evaluated by our Society were elevated to the gradeofFellow,effective 1 January 2010. The
newIEEE Fellowsare:

Christophe Caloz

Zhizhang Chen

Charles Goldsmith

Ganesh Gopalakrishnan

Ching-Wen Hsue

Rhee Jin Koo

Shiban Koul

Richard Lai

JenshanLin

Imran Mehdi

Francisco Mena

Ahmadreza Rofougaran

Emmanouil Tentzeris

Charles Weitzel

Ruey-Beei Wu

for contributions to the developmentand application of electromagnetic metamaterial structures

for contributions to time-domain electromagnetic modeling and simulation

for developmentof micro-electromechanicalcapacitive switches

for leadership in microwave photonics and high-speed optical lithium niobate modulator development

for contribution to discrete-time signal processing in microwave engineering

for contributions to Gallium Arsenide, Microwave and Millimeter-wave Monolithic Integrated Circuits

for contributions to analysis and design of microwave and millimeter wave components and circuits

for developmentand space-qualified insertion of millimeter-wave transistor and integrated-circuit technologies

for contributions to integrated microwavecircuits and systemsfor wireless sensors

for contributions to submillimeter-wave device technology

for contributions to the analysis and physical understandingof planar structures, anisotropic media, and metamaterials

for contributionsto single chip system integration of radio frequency complementary metal-oxide semiconductortechnology

for contributions to three dimensional conformal integrated devicesfor wireless communications and sensing

for contributions to compound semiconductor technology and microwave devices

for contributions to coplanar waveguide passive components

MTT-S members whowereevaluated by anotherIEEE Society are shown below;the otherSociety is shownin parentheses.

Shanker Blasubramaniam (AP)

Jennifer Bernhard (AP)

Jose Encinar Garcinuno(AP)

PowenHsu (AP)

DouglasRiley (AP)

Abdel Sebak(AP)

Guiseppe Vecchi (AP)

Kiyotoshi Yasumoto(AP)

Takamaro Kikkawa(ED)

Christopher Holloway (EMC)

Maria Sabrina Sarto (EMC)

Motoyuki Sato (GRS)

Paul Dodd (NPS)

Norman Chapman(OE)

Katherine Ferrara (UFFC)

Pooi Kam (VT)

for contributions to time and frequency domain in computational electromagnetics

for developmentof multifunctional, reconfigurable, and integrated antennas

for contributions to analysis and designofreflectarray antennas

for leadershipin electrical engineering education

for contributions to time-domain techniques in computational electromagnetics

for contributions to electromagnetics scattering, and design and modeling of antennas

for the application of multi-resolution algorithms to computational electromagnetics

for contributions to electromagnetic wave scattering and wave guiding

for contributions to interconnect technologiesfor integrated circuits

for application of new material in the field of electromagnetic compatibility

for contributions to advanced materials in electromagnetic compatibility applications

for contributions to radar remote sensing technologies in environmental and humanitarian applications

for contributions to the understanding and simulation of single-eventeffects in microelectronics

for contributions to geoacoustic characterization of ocean bottom environments

for contributions to ultrasound andits applications in molecular imaging and drugdelivery

for contributions to receiver design and performanceanalysis for wireless communications
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WELCOMETO THE 2010 RFIC SYMPOSIUM

On behalf of the Steering Committee, we wouldlike to welcomeyou to the RFIC Symposium!

The 2010 RFIC Symposium maintainsits reputation as one of the foremostIEEE technical conferences dedicatedto thelatest innovationsin RFIC developmentfor wireless
and wireline communication IC's. Running in conjunction with the International Microwave Symposium andExhibition, the RFIC Symposium adds to the excitement of Micro-
wave Weekwith three days focused exclusively on RFIC technology and innovation. The RFIC symposium will be held at the Anaheim Convention Center, May 23-25, 2010.

The RFIC Symposium will start on Sunday with half-day andfull-day workshops, covering a large breadth of topics. Someofthe topics include: SiGe HBTs towards THz opera-
tion, power managementfor integrated RFcircuits, challenges and techniques for 3G/4G multi-modefront end designs andsilicon-based design techniquesfor millimeter-
wave applications. Don’t miss out on this great opportunity to expand yourhorizons!

Sundayeveningactivities continue at 5:30pm with RFIC Plenary Session. Two renowned speakerswill share their views on the direction and challenges that the RFIC
industry will be facing.Thefirst speakeris Professor David Allstot from the University of Washington, and the second speakeris Gregory Waters, Executive Vice President of
SkyworksInc.In addition to the keynote addresses, the best student paper awardsare presentedin the Plenary Session. The highly anticipated RFIC Receptionwill follow
immediately after the Plenary Session, providing a relaxing timeforall to mingle withold friends and catch up on thelatest news.

The technical program includesoral sessions, an Interactive Forum (poster session), and two exciting lunch panelsessions, The oral presentation sessions start on Monday,
May 24th with four parallelsessions throughout the morning andthe afternoon.The oralsessions continue on Tuesday, May 25th synchronized with the IMS technical
Program. TheInteractive Forum will be held on Tuesday afternoon.This forum is the perfect place to have an opportunity to have moredetailed technical discussions with
the authors. PanelSessionsare also planned at lunch time on Mondayand Tuesday, the topics being respectively “The Challenges, Competitions and Future Prospects of 60
GHz” and "Future of High-Speed|/0: Electrical, Optical or Wireless?”.

The RFIC Symposium concludes on Tuesdayallowing participants to attend the IMS and ARFTGas wellas plentyoftimeto visit the exhibit hall.

The RFIC organization is thankful to the IMS2010 team, without whom wecould not makethis conference successful. Mostof all, we are particularly thankfulto all the
technical contributors to the RFIC Symposium. Welook forward to yourparticipation. Please continue to makethis conferenceso vibrant within the wireless industry!

Welook forwardto seeing you in Anaheim!

im
Yann Deval David Ngo

General Chair TPC Chair

2010 RFIC Symposium 2010 RFIC Symposium
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3̀;A<CA4=K	;HG	34=BI<	CH	;	GCi434H<	hB=CH4==	a6G4I	f63	I4;GCH5	[\	_3a=9

2345637	89	:;<43=K	lmK	C=	4@4AB<CD4	DCA4	̀34=CG4H<	;HG	54H43;I	a;H;543K	f36H<g4HG	=6IB<C6H=	f63	nd7b63d=	n6IB<C6H=K	oHA9	p4	
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GB̂�GB�BH_�\Bq��>̂B�BC�h\>�BG��_�ACB�>C�\>qp�>C�fn��?_̂BC�hq�Br̂>�BG�_q��sB�C>\B��DI�HB>�hqr��sB�̂_A�hqr�_��G>�>��h>�shrs�C�BBG�Chrq>Hhqr��̂_\�?_̂B��_�?_̂BI�?_̂B��_�?>?sBI�

_̂�?_̂B��_�_��?sh��\B\_̂p�>C�>�?̂h�h?>H�>C�B?��_��\_GB̂q�\h?̂_�̂_?BCC_̂��B̂�_̂\>q?BE��s>��hC��sB��A�ÂB�_��shrs�C�BBG�������hHH��sB��A�ÂB�GB\>qG��_̂�shrsB̂�G>�>�̂>�B���
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ÊQCP�O@�uSTROR?RQ�C��MQBjSCAC�c�@R�_RA@SR@d�©L@DT?S��­QTO�S�vQSRQP�@R�
_RA@SR@

����!|� ��{+W"}%(W��+##+."X"&|{%,"�U&"m$"(*n�z-$}#"&|
'&+ª#"&�+(�0Ø�À|Ù.�!��V
[��[5ÔI76��4Egt45s6=�~���575hIi4
v@PSQ�OQ�NQAACS�aSObQPTORc

����z|� ��À�o|2+X�)�{|2%(W�V+o"��VÚ��"*"+,"&��+Xp�%�¤+�p|
�Û*+"(*n��(|!p+ª��#"*X&-.%�("X+*%##n|!-$ª#"W��(X"((%
~5iEs�±�� 5\=��5h5H5s�<��<;45;5Ô6=��5Ô76I;� ���IÔI6:
aSObQPTORc�C��v@AO�CPSO@�@R�L@S�­OQ�C

¿8����¿8̄�

�����|� ��V�{|#"))�!��V�'Ó��-&��o��V�%(W�{!z��
�̂��5gih5ss=�~���5syI7=� ��̂67it4Ish5ss=����J��fE776i=�±��[4I�4I7H=���
J45s=�=�5sH�G��J��[t4r57K:�
�?ÇORT?�NOBPCQAQBRPCSOBT�C��_DQPOB@

����2|� ���%+#|'-|�%+#��(ª$X��"*"+,"&��.ª#-n+(��V$**"))+,"
�"�"("&%X+-(�%(W��W%ªX+,"�!%(*"##%X+-(�-���(X"&.-W$#%X+-(�
�&-W$*X)
�Hr57H�<��̂II47=�<;6��5́6h676
v@AO�CPSO@�uSTROR?RQ�C��MQBjSCAC�c

����!|� /00o¤¥�!��V��&")*%#"&)��+Xp���X"(W"W�z+,+W+(�
�%(�"�,+%�'+."|�(X"&#"%,"W�z$%#��(Ü"*X+-(�£-*½+(�
·gs�~5sI��g̈=��IsyF�g�~65s̈=�²46rI6�¶g̈=��6F34Isy�±g̈=� 5gF34gsy
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<���I6ï=̈̈=�����E;56s̈=�����5sHI7iKIIs̈=�~��375s6stx
̈̈
�̈POÇQ�aSObQPTORQOR��P?TTQAd��QA�O?Dd�©©�uN®vd��QA�O?D

���/!|/ ��/�|o¤¥�%(W�§0|o¤¥�z$%#|2%(W�VX%(W+(�|{%,"�Ã!�
+(�0Ø�ÀÙ.�!��V
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�́��B=8?7B_�yC8B?¶à7D�6789:;<8=>x�Ä<87bC̀x�aB8�B7Ë�Ì́�̂¶vC?̀�6789:;<8=>x
�B?C<8̀7Dx�aB8�B7Ë�Í́�aB8�B7�v:�8b?7�̀b=?;�.B7̀@Bb=̀;87D�y?��B7>

����	E�F
��h����j�����g�XNS	Á��J�k����U�j�
L�
��S���OO�
�
�{�Mh�	��Â��
�k��h��������O���O��
L�	P��K������O�
¦3*0�"!|)�\4 +�� " 0\*3�¦3+�!|'�l� 0� �3#|�u3*
7̂<=8=̀=:�?@�w_:b=;?78b<�w7D87::;87Dx��B=8?7B_�yC8B?�à7D�6789:;<8=>x�
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�BDA�yDD�z~v�=UKVqUíL{OiNn�|NmNkjMnNYiO��JONH�jY�LqMNKALVJkNH�

=?sL��

�u@UJYAhNU�~qJYZ�JYH�~qNU�hJYZ>���de_f�b�©�ê�f��fe��̀aed]
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�:RnMLrOoG��HOSOM�BRHlGM�;GnKSLHLQRGI�

wuxu�:OnnKROMGHHO?�iZX̂VW�Û�Z��̂��̂X]UZ
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xZX]̀Z�fq�yEBYXB9��NK�GIOKPW�HR�©KOTHNOKN¥�KV�LQ�GG

!3& =$� 4�EBX7@E[Z]AEjY�EBD�BEBX7DZgAhZY�Xo[ZB�Z�iAlA[�[iZA]�@XY[�AB[Z]ZY[AB̀�
m]XmZ][AZY�E[�@Ah]XnEgZ�EBD�@AjjA@Z[Z]nEgZ�o]Z�_ZBhAZYq�6iZ]ZoX]Z9�[iZ�E]ZE�Xo�
BEBXZjZh[]XBAhY�AY�EB�ZBX]@X_Y�XmmX][_BA[k�oX]�[iZ�@Ah]XnEgZ�hX@@_BA[k9�niAhi�
hEB�_[AjA\Z�A[Y�ZY[EljAYiZD�lXDk�Xo�@XDZjjAB̀9�DZYÀB�EBD�@ZEY_]Z@ZB[�[ZhiBA�_ZY�
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�yÀi��Z]oX]@EBhZ�x]EmiZBZ�{�6Y�oX]�C{�?mmjAhE[AXBY�

�q?\ED��EZZ@A9�FGHIJKL�MNOPKPQPG�HR�SGTUNHVHJWª�Fdª���d
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EF�̂DA�@aFS̀�U]�cEC@U_aeA�AFbEFAA@EFb�d@U]À̀EUFaG̀f�3DÈ�CGEcâA�Ca\̀À�caFg�
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[/+ #"& 1�3DA�aE@�EF̂A@]aCA�È�aF�À̀AF̂EaG�da@̂�U]�AeA@g�@aBEU�aFB�EFCG\BÀ�̂DA�
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voACAF̂��BeaFCÀ�EF�2ÂacâA@EaG�9ca@̂��F̂AFFa��UFCAd̂̀�aFB��d4

dGECâEUF̀z

�f�oECDa@B�wf�ªEUGSU_̀SE7�¡�KQPMRK}¢�N£��MK«N���
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EXHIBITION 
Exhibit hours have been scheduled to provide maximum interaction between conference attendees and exhibitor personnel:

Tuesday, 25 May

Wednesday, 26 May

Thursday, 27 May

09:00 to 17:00

09:00 to 18:00

09:00 to 15:00

IMS2010 Exhibition companies as of February 22, 2010:

2COMU

A-Alpha Waveguide Co.
AJ. Tuck Co.

AT. Wall Company
Actipass R&M Co., Ltd.
AdTech Ceramics

Advanced Control Components,Inc.
Advanced Test Equipment Rentals

Aegis Technology Inc.

AEM,Inc.
Aeroflex Inc.

AethercommInc.

AFM Microelectronics Inc.

Agilent Technologies

Al Technology, Inc.

Airpoint Co., Ltd.
AKON,Inc.

Aldetec,Inc.
Allrizon-TG

Communications Equipment
Allstron Corp.

AMCAD Engineering
American Microwave Corp.
American Standard Circuits,Inc.
American Technical Ceramics

Ametek HCCIndustries

AML CommunicationsInc.

Amplifier Solutions Corp.
Amplitech Inc.

Analog Devices,Inc.
AnaPicoAG

Anaren,Inc.

Anatech Electronics,Inc.
Anoison Electronics

Anritsu Co.

Ansoft, LLC
Antenna Research Associates-ARA Inc.

Antenna Systems/Webcom
Communications

APAWireless Technologies

Applied Thin-Film Products
AR RF/MicrowaveInstrumentation

ARCTechnologies,Inc.
Arion Tech. Enabling Innovation
Artech House

ASBInc.

Assemblies Inc.

Astrolab,Inc.
ATK

Auriga Measurement Systems, LLC.
Aurora Software & Testing SL
Avago Technologies
Aviel Electronics

AWR Corp.
AWT

Axiom Test Equipment, Inc.

B&Z Technologies
Barry Industries,Inc.
BEEcube,Inc.

Beijing Corelogic
Communication Co., Ltd.

BesserAssociates,Inc.

Bliley Technologies,Inc.

BoweiIntegrated Circuits Co., Ltd.
Brush Ceramic Products

CW Swift &Associates,Inc.
C-Tech

C.E.Precision Assemblies,Inc.

CAD Design Software
Cadence Design Systems,Inc.
Cambridge University Press
CAP Wireless Inc.

CapeSym,Inc.
Carlisle Interconnect Technologies
Cascade Microtech,Inc.

Centellax,Inc.
Cemex Inc.

Channel Microwave Corp.
Charter Engineering,Inc.
Chin Nan Precision Electronics Co., Ltd.

Ciao Wireless,Inc.

Cirexx Intemational, Inc.

Coastline Metal Finishing Corp.
Cobham

Coilcraft,Inc.

Coining,Inc.
Coleman Cable,Inc.
ColemanMicrowave Co.

COM DEV Ltd.

Communications & PowerIndustries

Compex Corp.
ComponentDistributors Inc.

COMSOLInc.

Connecticut Microwave Corp.
Connectronics,Inc.

Constant Wave,Inc.

ComingGilbert, Inc.
CORWILTechnology Corp.
CraneAerospace & Electronics
Crane Polyflon
Cree,Inc.

Cristek Interconnects,Inc.

Crystek Corp.
CSTofAmerica,Inc.
CTT Inc.

Cuming Microwave Corp.
Custom CableAssemblies,Inc.
Custom Interconnects

Custom Microwave Components,Inc.

Custom MMIC Design Services,Inc.

Daa-Sheen Technology Co., Ltd.
dBm

Delta Electronics Mfg. Corp.
Delta Microwave

Design Workshop Technologies Inc.
Diablo Industies Thin Film

Diamond Antenna & Microwave Corp.
Dielectric Laboratories,Inc.

Diemat, Inc.
DiTom Microwave Inc.

Doo Sung Industral Co., Ltd.

Dorado Intemational Corp.
Dow Key Microwave Corp.
Ducommun Technologies Inc.

DyconexAG
Dynawave Inc.
E2v

EADSNorth America

Eagle Comtronics,Inc.
Eastem - Optx / Noisext

Eclipse Microwave,Inc.

EE-Evaluation Engineering

Electro Rent Corp.
ElectroMagneticWorksInc.

Elisra Electronic SystemsLtd.
EM Research Inc.

EM Software & Systems - FEKO
EMAGTechnologies Inc.

Attachment C - 92

denotesafirst-time exhibitor

EMCOElektronik GmbH

Emerson & Cuming
Microwave Products

Emerson Connectivity Solutions
Empower RF Systems
Endwave Corp.
Epoch Microelectronics,Inc.

Epoxy Technology, Inc.

Equipment Management Technology
ET Industries

ETL Systems
ETS-Lindgren
EuMw2010

EuvisInc.

Excelics Semiconductor Inc.

EZ Form Cable Corp.
F&K Delvotes,Inc.

Ferraz Shawmut, Inc.

Fenite Co., The

Ferro-Ceramic Grinding
Filtel Microwave Inc.

Flann Microwave

Flexco Microwave Inc.

Florida RF Labs/EMC Technology
Focus Microwaves Inc.

Fotofab

Freescale Semiconductor

FTG Comp.
FujiFilm Dimatix, Inc.
FutureComm Co., Ltd.

General Dynamics Satcom Technology
Gerotron Communication GmbH

GGBIndustries Inc.

GigaLane Co., Ltd.
Gigatronics Inc.
Global Communication Semiconductors

GNI MicrowaveCo., Ltd.
GowandaElectronics

GreenrayIndustries Inc.
GuangShunElectronic

Tech. Research Inst.

HantechnicInc.

HarbourIndustries,Inc.

Herley Industries
HerotekInc.

Hesse & Knipps Inc.
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ENPAREN

High Frequency Electronics
Historical Booth

Hittite Microwave Corp.
Holzworth InstrumentationInc.

Huada Intl. Electronics & Technology
HVVi Semiconductors Inc.

HXxI, LLC

IBM Corp.
IEEE Microwave Magazine
IHP GmbH

IMST GmbH

In-Phase Technologies
INGUN Pruefmittelbau GmbH

Innertron,Inc.

Innovative Micro Technology

InstekAmerica Corp.
Instruments For Industry (IFI)
Integra Technologies Inc.

Integrand Software,Inc.
Intemational Manufacturing Services
lon Beam Milling,Inc.
Ironwood Electronics

Isola

ISOTEC Comp.
ITF Co., Ltd.

ITT Microwave Systems Corp.
IWInc.

J MicroTechnology, Inc.

Jersey Microwave, LLC.
JFW Industries,Inc.

Johanson Manufacturing Corp.
Johanson Technology Inc.

John Wiley & Sons
JQL Electronics Inc.

JunperInterconnection Inc.

Jye Bao Co., Ltd.
K&L Microwave Inc.

KemacTechnology, Inc.

Keragis Corp.
KrytarInc.

KVG Quartz Crystal

Technology GmbH

Kyocera America,Inc.
L-3 Communications

LATechniquesLtd.

LadyBug Technologies LLC
Lake Shore Cryotronics Inc.
Lanjian Electronics
Lansdale SemiconductorInc.

Lark Engineering Co.
Laser Process Mfg.Inc.
Laser Processing Technology,Inc.
Laser Services Inc.

Linearizer Technology, Inc.

Lintek Pty Ltd.
Litron Inc.

LNX Comp.
Logus Microwave Corp.
Lorch Microwave

LPKF Laser & Electronics

M/A-COMTechnology Solutions
M2 Global Technology Ltd.
Marcel!Electronics Intemational

MathWorks

Maury Microwave Corp.
McGraw-Hill Professional

MECA Electronics,Inc.

MegaCircuit Inc.
MegaPhase

Meggitt Safety Systems,Inc.
MerrimacIndustries Inc.

MESLMicrowave Ltd.

Metropole Products Inc.
MicableInc.

Mician GmbH

Micreo Limited

Micro Communications,Inc.

Micro Lambda Wireless,Inc.
Micro-Coax Inc.

Micro-Mode Products Inc.

MicroApps
MicroFabInc.

Micronetics Inc.

Microphase Corp.
Microsemi Corp.
Microsorb Technologies Inc.
Microtech,Inc.

MicrowaveApplications Group
Microwave Circuits

Microwave Communications Labs,Inc.

Microwave Development Labs Inc.

Microwave Dynamics

Microwave Engineering Corp.
Microwave Engineering Europe
Microwave Filter Co., Inc.
Microwave Joumal

Microwave Marketing.com Ltd.

Microwave Packaging Technology

Microwave Product Digest

Microwave Technology,Inc.
Microwavefilters S.R.L

MIG-MicrowaveInnovation Group
Millitech Inc.

Mimix Broadband

Mini-Circuits

Mini-Systems Inc.
MITEQ,Inc.
Mitsubishi Electric & Electronics

Modelithics,Inc.

Modular Components National Inc.
Molex

Momentive Performance Materials

Mosis

MPDevice Co., Lid.
MtronPTI

Murata Electronics

Nanjing Jiexi Technologies Co., Ltd.
National Instruments

National Reconnaissance Office

NAVICP

NDK

Nearfield Systems Inc.
Netcom Inc.

Networks Intemational Corp. (NIC)
Nitronex Corp.
NoiseWave Corp.
Norden MillimeterInc.

Northrop Grumman
NTKTechnologies Inc.

Nuhertz Technologies, LLC
Nuvotronics

NuWaves Engineering
NXP Semiconductors

OEwaves Inc.

OMMIC

OPHIRRFInc.

Orient Microwave Corp.
P1dB,Inc.
PA&E

Pascall Electronics Ltd.

Passive Microwave Technology, Inc.
Passive PlusInc.

PedaSoft LLC.

Penn Engineering Components,Inc.
Penton Media/ Microwaves & RF

Peregrine Semiconductor Corp.
Phase Matix Inc.

Phoenix Company Of Chicago, The
Piconics Inc.

Pivotone Communication Tech., Inc.

Planar Monolithics Industries,Inc.
PlextekLtd.

Pole/Zero Corp.
Polyfet RF Devices
Precision Connector, Inc.
Precision Ferrites & CeramicInc.

Precision Photo-Fab,Inc.

Presidio Components Inc.
Prewell Corp.
Protocast/JohnList Corp.

Q Microwave,Inc.
Quest MicrowaveInc.
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Questech Services Corp.
Quik-Pak/Gel-Pak

QuinStar Technology Inc.
R&D Microwaves LLC

R&K CompanyLtd.
Radant MEMS,Inc.

Rayspan Corp.
ReactelInc.

Reinhardt Microtech AG

RelComm Technologies Inc.
Remcom Inc.

Remtec,Inc.

Renaissance Electronics Corp.
Resin Systems Corp.
RF Connections, LLC

RF Depot Inc.
RF Industries RF Connectors Div.

RF Logic
RF Morecom

RFcore Co., Ltd.

RFHIC Comp.
RFMD

RFMW, Ltd.
RFS/Ferrocom Ferrite Division

RH Laboratories Inc.

RHeMicrosystems GmbH
Richardson Electronics

RIV Inc.

RJR Polymers Inc.
RLC Electronics Inc.

Rockwell Collins

Rogers Corp.
Rohde & Schwarz Inc.

Rosenberger North America LLC
Roswin,Inc.

Rsoft Design Group

Sage Laboratories Inc.
Sainty-Tech Communications Ltd.
Samtec,Inc.
San-tron Inc.

Sangshin Elecom Co., Ltd.
Sawnics Inc.

Schmid & Partner Engineering AG
Scientific Microwave Corp.
Scintera

SEI

SemiDice Inc.

SGMC Microwave

Shanghai Huaxiang

Computer Comm.Eng.

Shenzhen Yulongtong
Electron Co.,Ltd.

Signatone (Lucas/Signatone)
Sinclair Manufacturing Co.
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EXHIBITION
a.

denoiesafirst-time exhibitor

SIPAT Co.

Skyworks Solutions, Inc.

Solid Sealing Technology
Sonnet Software Inc.

Soshin Electric Co., Ltd.
Southwest Microwave Inc.

Spectracom
Spectrum Elektrotechnik GmbH
Spectrum Microwave,Inc.
SpinnerAtanta
SRI Connector Gage Company
SRI Hermetics

SSI Cable Corp.
State OfTheArt Inc.

Statek Corp.
Stellar Industries Corp.
Stellar Microelectronics

StratEdge Comp.
Sumitomo Devices

Innovations U.S.A.,Inc.
Summitek Instruments Inc.

Sunwave Communication Co., Ltd.

Superior Technical Ceramics Corp.
SUSS Microtec Inc.

SV Microwave Inc.

Synergy Microwave Corp.
Synopsys,Inc.
SynQor, Inc.
T-Tech Inc.

Taconic

Tactron Elektronik oHG

Tahoe RF Semiconductor, Inc.

TDIIntemational,Inc.
TDK-Lambda Americas

Tecdia Inc.

Tech-X Corp.
Tektronix Inc.

Teledyne Coax Switches
Teledyne Cougar
Teledyne Defence Limited
Teledyne MEC
Teledyne Microelectronics

Teledyne Microwave

Teledyne Relays

Teledyne Scientific Company
Teledyne Storm Products
Teledyne Technologies,Inc.

Telegartner, Inc.
Telnova Technology Co.,Ltd.

Telogy LLC
Temp-Flex CableInc.
Temwell Corp.

 

TestEquity LLC
Thales Components Corp.
THINFILMSInc.

Times Microwave Systems
TLC Precision WaferTechnology
Inc.

TMDTechnologies Ltd.

ToshibaAmerica Electronic Cmpts.
TowerJazz

TRAK Microwave Corp.
Trak Microwave Ltd./Farran Tech.

Transcom,Inc.
Trilithic Inc.

TriQuint Semiconductor
TRM Microwave

TronserInc.

TRU Corporation Inc.
TTE Inc.

Tyco Electronics Relay Products

Group
UltraSource Inc.

UMS(United Monolithic
Semiconductors)
University Booth
UTE Microwave Inc.

VACCOIndustries

Valpey Fisher Corp.
Vectron Intemational

Verspecht-Teyssier-Degroote
VIDAProducts,Inc.
VidaRF

Virginia Diodes Inc.

VishayIntertechnology

Voltronics Corp.
VTI Instruments Corp.
W.LL.Gore &Associates

Wavenics,Inc.
Weinschel Associates

Wenzel Associates Inc.

WerlatoneInc.

West Bond Inc.

WEVERCOMMCo., Ltd.
Williams Advanced Materials

WIN Semiconductor Corp.
WIPL-D D.O.O.

Wireless Telecom Group
X5 Systems,Inc.

XMA Comp.
Ya Guang Electronics Co., Ltd.
Yantel Corp.
Ying Chuang

Microwave Electronics Co.,Ltd

Z-Communications,Inc.

Zeeteg Electronics Ltd.
Zeland Software,Inc.

ZIFOREnterprise Co.Ltd.
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PLATINUM

“he Agilent Technologies
GOLD

RFMD 6)

CsT COBHFNMT

Technol Soluti

ANSOFT E CELEBRATING 60 YEARS

SILVER

 

  

SIRF 

 

  
Evaluation Engineering
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The MicroApps program features practical Application papers describing state-of-the-art products and processesof interest to the microwave community. This year’s
highlights include a keynote presentation by Dr. David RootofAgilent Technologies on nonlinear behavioral modeling Wednesday morning. Thereare also twotutorials on
Wednesdayevening,prior to the industry-hosted reception. MicroApps attendeeswill receive a free DVD of presentations sponsored by Agilent.
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Tuesday

 UiroatracanaeACOH NaCm aco MMMM aCe)LCs
A UOMQOC UTM eM OLLU Uhm Kea COMMIT Mae CCG
Fie)

Allen F. Horn, Ill, Rogers Corp.

ANIC MONC COMMCNUReACH las
Iris Labadie, Kyocera America,Inc.

MOUtCUENCMULMasROUUCLed
TESTUM PPMCLCM tTCom PY Lees0
Jan Sumerel, FUJIFILM Dimatix,Inc.

Characterization Of Adhesive Films From kHz to GHz

TSULa UMMCOARCentoct USSRene)

Advancesin High FrequencyPrinted Circuit Board (PCB)
FICEOM MOO OM AULT MILE smNye Centon
John Coonrod, Rogers Corp.

Color Coding Key:

High Power

Comp Modeling
NEicaele

Phase Noise

Wide bandwidth

Test equipment/meas

Wednesday
High-Power Measurementsusing the Agilent Nonlinear Vector
Network Analyzer
Keith Anderson, Agilent Technologies

AnIntroduction to Gallium Nitride (GaN) Device Characterization
Steve Dudkiewicz, Maury MicrowaveCorp.

KEYNOTE: X-parameters: The Emerging Paradigm for Interop-
erable Characterization, Modeling, and Design of Nonlinear
Microwave and RF Componentsand Systems
David Root, Agilent Technologies

Redefine How You Measure & Simulate Nonlinear Devices

Using X-Parameters™, JackSifri
Agilent Technologies

S-functions, the “S-parameters”for nonlinear devices
Guillaume PAILLONCY, NMDG nv

ANew Approachfor Nonlinear Behavioral Modeling
Darren McCarthy, Johannes Benedikt, Tektronix Inc.; Mesuro
Limited

Accurate Mixer MeasurementsUsing Multi-tone X-parameter™
Models

Mihai Marcu, RadekBiernacki, Agilent Technologies
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Thursday
Practical Considerations in the Design and Implementation of RF and
MicrowaveSignal Switching Solutionsfor ATE
Walt Strickler, Giga-tronics Incorporated

Test & Measurement Migrationto Integrated Simulation,Test &
Measurementfor M&RF Design
Christina Gessner, Sherry Hess, Rohde & Schwarz; AWRCorp.

Fundamentals of Phase-Coherent RF Measurements
David A.Hall, National Instruments

Mobile PhoneTesting using Impedance Tuner
Roman Meierer, Steve Dudkiewicz, Maury Microwave Corp.

Improved Amplifer Testing Using Statistics
BoB Muro, Wireless Telecom Group

Detailed comparison of dynamic range betweena vector network
analyzer and samplingoscilloscope based time domain reflectrom-
eter by normalizing measurementtime
Sho Okuyama,Agilent TechnologiesInternational Japan, Ltd

Ultra-Fast Noise Parameter Measurements — 100x Faster and More
Accurate

Gary Simpson, Maury Microwave Corp.

WinCal the MicrowaveTool

Leonard Hayden, Cascade Microtech,Inc.

Coaxial Measurements — CommonMistakesand Simple Solutions
Sathya Padmanabhan,Rocky Teresa, Maury Microwave Corp.

Application of second-tier VNAcalibration with Cascade Microtech
WinCal XE

Craig Kirkpatrick, Cascade Microtech,Inc.

The challengesof the Nanoscale materialand device characteriza-
tion

Hassan Tanbakuchi, Pavel Kabos, Agilent Technologies; NIST
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a<6�>F>6�8C96�KFL989M�b�cF9:<7A8C6�FO�8�:<966gGFT6>OF=>8A�U8A?g:<9=ED<�T6T=F9�

H68:E9F>D�8�WQN222�OkE896�H==:�TEO6ET̀�lJ<FLF:O�F>CAEG6�:<6�m;:9EC:E96�=H�368C6n�

6J<FLF:N�U<FC<�<FD<AFD<:O�396OFG6>:�IFJ=>oO�H=96FD>�7=AFCM�L968?:<9=ED<O�8>G�8�7F6C6�

=H�:<6�c69AF>�p8AA�:<8:�O69f6O�8O�8�O:89?�96TF>G69�=H�:<6�G8>D69�=H�:=:8AF:89F8>FOT̀��

q>=:<69�H68:E96G�D8AA69M�FO�:<6�m@8AA�=H�p=9AG�K68G69OnN�U<696�02�AFH6gOFr6G�L9=>r6�

hDE96O�=H�7=O:U89�:F:8>ON�H9=T�s<E9C<FAA�:=�48=�896�=>�GFO7A8MN�UF:<�79FC6A6OO�DFH:O�
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