
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IEEE Catalog Number: 
ISBN: 

CFP11FRE-PRT 
978-1-61284-111-3 

2011 Joint Conference of the IEEE 
International Frequency Control 
and the Europe an Frequency and 
Time Forum 
 
(FCS 2011) 

San Francisco, California, USA 
2 – 5 May 2011 

Pages 1-518 

1 /2 



iii 
 

TABLE OF CONTENTS 
 
Welcome from the General Co-Chairs ............................................................................................................................... xl 
Welcome from the Joint Program Co-Chairs ................................................................................................................... xli 
Organizing Committee ....................................................................................................................................................... xlii 
2011 IFCS/EFTF Joint Program Committee ..................................................................................................................... xlv 
2011 IFCS Awards ........................................................................................................................................................... xlviii 
2011 EFTF Awards ............................................................................................................................................................ xlix 
Student Paper Competition Awards ..................................................................................................................................... l 
Tutorials ................................................................................................................................................................................. li 
Panel Discussion .............................................................................................................................................................. lviii 
Future Conferences ............................................................................................................................................................ lix 
Special Thanks ..................................................................................................................................................................... lx 
Exhibits ................................................................................................................................................................................ lxi 
Plenary Session Schedule ............................................................................................................................................. lxviii 
Parallel Oral Session Schedule ....................................................................................................................................... lxix 

  
Monday, May 2 10:50 a.m. – 12:30 p.m. 
 
Session: Lattice Clocks I  
Room: Grand Ballroom B 
Session Chair: Scott Diddams, NIST 
 
INVITED: Trapping Induced Frequency shifts by Comparison of Two Sr optical lattice  
clocks at the 10-17Level ............................................................................................................................................ 1 
Jérôme Lodewyck, LNE‐SYRTE 
Philip Westergaard, LNE‐SYRTE 
Luca Lorini, INRIM 
Michal Zawada, Nicolaus Copernicus University 
Eric Burt, JPL 
M Gurov, LNE-SYRTE 
Pierre Lemonde, LNE‐SYRTE 
 
Improving the stability and accuracy of the Yb optical lattice clock .................................................................. 2 
Andrew Ludlow, NIST 
Nathan Lemke, NIST 
Jeff Sherman, NIST 
Yanyi Jiang, ECNU 
Chris Oates, NIST 
J. von Stetcher, JILA 
R. W. Fox, NIST 
S. MA, ECNU 
A. M. Rey, JILA 
 
  



iv 
 

Monday, May 2 10:50 a.m. – 12:30 p.m. 
 
Session: Silicon and CMOS MEMS Resonators 
Room: Grand Ballroom C 
Session Chair: Sheng-Shiang Li, National Tsing Hua University 
 
INVITED: Hybrid MEMS Resonators and Oscillators............................................................................................ 5 
Sunil Bhave, Cornell University 
 
A CMOS‐compatible 24MHz Poly‐SiGe MEMS oscillator with low‐power heating for stabilization  
over temperature .................................................................................................................................................... 11 
Roelof Jansen, IMEC 
Jeroen De Coster, IMEC 
Michael Libois, IMEC 
Melina Lofrano, IMEC 
Xavier Rottenberg, IMEC 
Rita Van Hoof, IMEC 
Simone Severi, IMEC 
Geert Van der Plas, IMEC 
Harrie Tilmans, IMEC 
Stephane Donnay, IMEC 
Jonathan Borremans, IMEC 
W. de Raedt, IMEC 
 
Mechanically-Coupled CMOS-MEMS Free-Free Beam Resonator Arrays with  
Two-Port Configuration ......................................................................................................................................... 16 
Ming-Huang Li, Institute of NanoEngineering and MicroSystems 
Wen-Chien Chen, National Tsing Hua University 
Sheng-Shian Li, National Tsing Hua University 
*Student Paper Competetion Paper 
 
Bulk Modes in Single‐Crystal Silicon ................................................................................................................... 20 
Gavin Ho, ParibX, Inc. 
Siavash Pourkamali, University of Denver 
Farrokh Ayazi, Georgia Institute of Technology 
 
Monday, May 2 10:50 a.m. – 12:30 p.m. 
 
Session: Time Transfer and Time Scales 
Room: Seacliff Rooms 
Session Chair: Samuel Stein, Symmetricom 
 
ACES MWL Status and Test Results .................................................................................................................... 26 
Marc Peter Hess, Astrium GmbH 
Johannes Kehrer, Astrium GmbH 
Martin Kufner, Timetech GmbH 
Sandrine Durant, Timetech GmbH 
Gerhard Hejc, Timetech GmbH 
H. Fruhaüf, Timetech GmbH 
Luigi Cacciapuoti, ESA/ESTEC 
Rudolf Much, ESA/ESTEC 
Rosario Nasca, ESA/ESTEC 
 
Single‐Frequency time and frequency transfer with Galileo E5 ........................................................................ 34 
María Del Carmen Martínez‐Belda, University of Alicante 
Pascale Defraigne, Royal Observatory of Belgium 
Quentin Baire, Royal Observatory of Belgium 
Wim Aerts, Royal Observatory of Belgium 
*Student Paper Competetion Paper 
 



v 
 

New realization strategy for UTC(PTB) ................................................................................................................ 40 
Andreas Bauch, PTB 
Egle Staliuniene, PTB 
Dirk Piester, PTB 
Wenke Yang, NUDT 
 
Contribution to TAI frequency by a travelling Primary Frequency Standard .................................................. 45 
Daniele Rovera, LNE‐SYRTE 
M. Abgrall, LNE-SYRTE 
P. Laurent, LNE-STRTE 
 
Monday, May 2 1:30 p.m.-3:30 p.m. 
 
Session: Fountain Clocks 
Room: Grand Ballroom B 
Session Chair: Robert Lutwak, Symmetricom 
 
INVITED: Comparing Room Temperature and Cryogenic Cesium Fountains ................................................. 48 
T.P. Heavner, NIST 
T.E. Parker, NIST 
J.H. Shirley, NIST 
L. Donley, NIST 
 P. Kunz, NIST 
S. R. Jefferts, NIST 
F. Levi, INRIM 
D. Calonico, INRIM 
C. Calosso, INRIM 
G. Costanzo, Politecnico di Torino 
 B. Mongino, Politecnico di Torino 
 
Uncertainty evaluation of the continuous cesium fountain frequency standard FOCS‐2 .............................. 51 
Gianni Di Domenico, Université de Neuchâtel 
Laurent Devenoges, Université de Neuchâtel 
Alain Joyet, Université de Neuchâtel 
André Stefanov, METAS 
Pierre Thomann, Université de Neuchâtel 
 
Improved accuracy evaluation of the NPL‐CsF2 primary frequency standard ............................................... 56 
Ruoxin Li, Pennsylvania State University 
Kurt Gibble, Pennsylvania State University 
Krzysztof Szymaniec, National Physical Laboratory 
 
Measurements with Multiple Operational Fountain Clocks ............................................................................... 58 
Steven Peil, U.S. Naval Observatory 
Scott Crane, U.S. Naval Observatory 
James Hanssen, U.S. Naval Observatory 
Thomas Swanson, U.S. Naval Observatory 
Christopher Ekstrom, U.S. Naval Observatory 
 
Quantitative Evaluation of Distributed Cavity Phase Shifts to Improve the Accuracy of SYRTE FO2 ......... 61 
Jocelyne Guéna, LNE‐SYRTE 
Ruoxin Li, The Pennsylvania State University 
Kurt Gibble, The Pennsylvania State University 
Sébastien Bize, LNE‐SYRTE  
André Clairon, LNE‐SYRTE  
 
  



vi 
 

Monday, May 2 1:30 p.m.-3:30 p.m. 
 
Session: New Material Applications 
Room: Grand Ballroom C 
Session Chair: Ralf Lucklum, Tech. Univ. of Magdeburg 
 
Piston Temperature Measurements with SAW Sensors .................................................................................... 63 
Thomas Plum, Deutz AG 
Stephane Tourette, SENSeOR 
Marc Loschonsky, SENSeOR 
Michael Robel, DEUTZ AG 
*Student Paper Competetion Paper 
 
Characterization of WO3 layers deposited on Quartz and Lithium Niobate SAW Resonators 
 for the design of gas sensors .............................................................................................................................. 68 
M. David, Université deToulon var 
M. Arab, University de Toulon var 
D. Rabus, Université Femto Besancon 
W. Daniau, Université Femto Besancon 
T. Baron, Université Femto Besancon 
Jm Friedt, Université Femto Besancon 
L Delmas, Université Femto Besancon 
J.R. Gavarri, Université deToulon var 
S Ballandras, Université Femto Besancon 
 
Langasite SAW Tmperature and oxygen multi-sensor ...................................................................................... 72 
P. Zheng, National Energy Technology Laboratory 
D.W. Greve, National Energy Technology Laboratory 
I.J. Oppenheim, National Energy Technology Laboratory 
 V. Malone, Carnegie Mellon University 
 
SAW Sensor Correlator System Performance Parameters ............................................................................... 76 
Nikolai Kozlovski, University of Central Florida 
Mark Gallagher, University of Central Florida 
Donald Malocha, University of Central Florida 
 
Elasto‐Acoustic Properties of ReCa4O(BO3)3 (Re=La, Pr, Nd, Y. Gd) Piezoelectric Crystals ......................... 82 
Thomas Shrout, Pennsylvania State University 
Shujun Zhang, Pennsylvania State University 
Fapeng Yu, Pennsylvania State University 
Qingming Wang, University of Pittsburgh 
 
Monday, May 2 1:30 p.m.-3:30 p.m. 
 
Session: Phase Noise Measurement and Modeling 
Room: Seacliff Rooms 
Session Chair: Warren Walls, US Naval Observatory 
 
INVITED: Modeling Phase Noise in Multifunction Subassemblies ................................................................... 86 
Michael Driscoll, Northrop Grumman Electronic Systems 
 
Vibration Isolation of Acceleration‐Sensitive Devices  ...................................................................................... 93 
Joseph Donovan, Northrop Grumman Corporation 
 
Limited Live‐Time Measurements of Frequency Spectra .................................................................................. 99 
David Howe, NIST 
Neil Ashby, NIST 
Archita Hati, NIST 
Craig Nelson, NIST 
Danielle Lirette, NIST 



vii 
 

 
Simplified Phase Noise Model for Negative Resistance Oscillators .............................................................. 103 
Jeremy Everard, University of York 
Min Xu, University of York 
 
An integrated phase noise measurement bench for the on‐chip characterization 
 of resonators and VCOs ..................................................................................................................................... 108 
Sylvain Godet, Axess Europe 
Eric Tournier, LAAS‐CNRS 
Olivier Llopis, LAAS‐CNRS 
Andreia Cathelin, ST Microelectronics 
 
Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Resonators 
Room: Pacific Concourse - Area 1 
Session Chair: Yoonkee Kim, US Army 
 
Drive Level Dependence of Langasite Resonators with Different Configurations ....................................... 113 
Haifeng Zhang, University of North Texas 
Yuan Xie, University of North Texas 
Joseph A. Turner, University of Nebraska‐Lincoln 
John A. Kosinski, U.S. Army RDECOM CERDEC I2WD 
 
Effect of DC Electric Field on the Dispersive Characteristics of Acoustic Waves 
 in Piezoelectric Layered Structure .................................................................................................................... 117 
Sergey Burkov, Siberian Federal University 
Olga Zolotova, Siberian Federal University 
Boris Sorokin, Technological Institute for Superhard and Novel Carbon Materials 
 
Determination of the modes shapes of energy trapping resonators using X‐ray topography .................... 121 
Bernard Capelle, Universite Pierre et Marie Curie 
Jacques Detaint, Universite Pierre et Marie Curie 
Yves Epelboin, Universite Pierre et Marie Curie 
 
Compact Parametric Model of Capacitive BAW Resonators ........................................................................... 127 
Giorgio Casinovi, Georgia Institute of Technology 
Ashwin Samarao, Georgia Institute of Technology 
Farrokh Ayazi, Georgia Institute of Technology 
 
Analytical Solutions of nonlinear Vibrations of Thickness-shear and  
Flexural Modes of Quartz Plates ........................................................................................................................ 131 
Ji Wang, Ningbo University 
Rongxing Wu, Ningbo University 
Jianke Du, Ningbo University 
Wei Yan, School of Arch 
Deigin Huang, School of Arch 
 
Motional Impedance Analysis: Bridging the ‘Gap’ in Dielectric Transduction .............................................. 135 
Siddharth Tallur, Cornell University 
Tiffany Cheng, Cornell University 
Suresh Sridaran, Cornell University 
Sunil Bhave, Cornell University 
 
  



viii 
 

Lateral Field Excitation of of membrane-based Aluminum Nitride resonators ............................................. 139 
Marie Gorisse, CEA, LETI 
Thomas Bertaud, Université de Savoie 
Alexandre Reinhardt, CEA, LETI 
Michel Borel, CEA, LETI 
Christophe Billard, CEA, LETI 
Emmanuel Defaÿ, CEA, LETI 
Thierry Lacrevaz, Université de Savoie  
Cedric Bermond, Université de Savoie 
 
The Study of Activation Energy(Ea) by Aging and High Temperature Storage  
for Quartz RESONATOR’S Life Evaluation ........................................................................................................ 144 
Chun‐Nan Sheng, TXC(Ningbo)Corporation 
Xiao-Wei Yang, TXC(Ningbo)Corporation 
Colin Chang, TXC(Ningbo)Corporation 
Min-Chiang Chao, TXC(Ningbo)Corporation 
 
High frequency high‐order rayleigh modes in ZnO/GaAs ............................................................................... 147 
Jorge Pedros, University of Cambridge 
Luis Garcia‐Gancedo, University of Cambridge 
Christopher Ford, University of Cambridge 
Crispin Barnes, University of Cambridge 
Jonathan Griffiths, University of Cambridge 
Geb Jones, University of Cambridge 
Andrew Flewitt, University of Cambridge 
Fernando Calle, Universidad Politecnica de Madrid 
 
A UHF CMOS-MEMS Bulk Acoustic Wave Resonator ...................................................................................... 151 
Joan Giner, Universitat Autonoma de Barcelona 
Arantxa Uranga, Universitat Autonoma de Barcelona 
Jose Luis Munoz-Gamarra, Universitat Autonoma de Barcelona 
Eloi Marigo, Universitat Autonoma de Barcelona 
Nuria Barniol, Universitat Autonoma de Barcelona 
 
Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Oscillatorsm synthesizers, Noise & Circuit Techniques I 
Room: Pacific Concourse - Area 2 
Session Chair: Jeremy Everard, University of York 
 
The Properties of Mth Order Differences and Their Relationship to Mth Order Random Stability ................ 155 
Victor Reinhardt, Raytheon 
 
Novel Concept of Sub‐Picosecond Timing System and its Applications in  
Fundamental Metrology ....................................................................................................................................... 161 
Ivan Prochazka, Czech Technical University in Prague 
Jank Kodet, Czech Technical University in Prague 
Petr Panek, Academy of Sciences of the Czech Republic 
Ulrich Schreiber, Technical University Munich 
 
Acceleration "G" Compensated for VCOCXO Based on digital controller .................................................... 165 
Qingxiao Shan, National University of Defense Technology 
Yang Jun , National University of Defense Technology 
JianYun Chen, National University of Defense Technology 
LongZhe Ji, National University of Defense Technology 
Tang Qian, National University of Defense Technology 
 
  



ix 
 

Electrically coupled MEMS Oscillators .............................................................................................................. 169 
Deepak Agrawal, University of Cambridge 
Jize Yan, University of Cambridge 
Ashwin Seshia, University of Cambridge 
Pradyumma Thiruvenkatanathan, University of Cambridge 
 
Monitoring of Opto‐Electronic Oscillator Fiber Delay by a Probe‐Signal Method ........................................ 174 
Wen‐Hung Tseng, Telecommunication Laboratories 
Kai‐Ming Feng, National Tsing Hua University 
 
Some considerations on acoustic resonator phase noise modeling and recent 
 short term stability experimental results .......................................................................................................... 178 
Hind Coucou, FEMTO‐ST Institute 
Joel Imbaud, FEMTO‐ST Institute 
Patrice Salzenstein, FEMTO‐ST Institute 
Gilles Cibiel, CNES 
Fabrice Sthal, FEMTO‐ST Institute 
M. Devel, FEMTO‐ST Institute 
R. Bourquin, FEMTO‐ST Institute 
 
Effects of Volume and Frequency Scaling in AlN Contour Mode NEMS Resonators  
on Oscillator Phase Noise ................................................................................................................................... 183 
Matteo Rinaldi, University of Pennsylvania 
Gianluca Piazza, University of Pennsylvania 
*Student Paper Competetion Paper 
 
Low noise oscillator based on 2D superconducting resonator ...................................................................... 188 
Jean‐Claude Mage, TRT UMP 
Bruno Marcilhac, TRT UMP 
Maurice Poulain, TRT UMP 
Yves Lemaitre, TRT UMP 
Julien Kermorvant, TRT UMP 
Jean‐Marc Lesage, DGA 
 
Phase Noise Improvement in Balanced SAW Oscillators ................................................................................ 192 
Yao Huang Kao, Chung Hua University 
Jon Hung Lin, Chung Hua University 
I-Jhih Wu, Chung Hua University 
 
Generation of 100 GHz with Parts in 1016  frequency stability using  
cryogenic sapphire oscillators ........................................................................................................................... 193 
Romain Bara, University of Western Australia 
Jean‐Michel Le Floch, University of Westen Australia 
Michael E. Tobar, Universityrsity of Western Australia 
Paul Stanwix, University of Western Australia 
Stephen Parker, Universiity of Western Australia 
John Hartnett, University of Western Australia 
Eugene Ivanov, University of Western Australia 
*Student Paper Competetion Paper 
 
  



x 
 

Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Session: Microwave Frequency Standards I 
Room: Poster Area 3 
Session Chair: Svenja Knappe, NIST 
 
DFB Laser Diode Pumped Rubidium Atomic Frequency Standard ................................................................ 195 
Jiaqiang Huang, Peking University 
Yuan Gu, Peking University 
Xianghui Qi, Peking University 
Yanhui Wang, Peking University 
Shuqin Liu, Peking University 
Taiqian Dong, Peking University 
Jie Zhang, Huazhong University of Science and Technology 
Zehuang Lu, Huazhong University of Science and Technology 
 
Rotating Dual Cryogenic Sapphire Oscillators with 10-16 Fractional Frequency Stability 
for Tests of Lorentz Invariance ........................................................................................................................... 198 
Stephen Parker, The University of Western Australia 
Paul Stanwix, The University of Western Australia 
Michael Tobar, The University of Western Australia 
Moritz Nagel, Humboldt‐Universität zu Berlin 
John Hartnett, The University of Western Australia 
Eugene Ivanov, The University of Western Australia 
Achim Peters, Humboldt‐Universität zu Berlin 
 
Light Shift in CPT Based Cs Miniature Atomic Clocks .................................................................................... 200 
D. Miletic, Université de Neuchâtel 
Christoph Affolderbach, Université de Neuchâtel 
Madoka Hasegawa, FEMTO‐ST 
Christoph Gorecki, FEMTO‐ST 
Gaetano Mileti, Université de Neuchâtel 
 
Light Shift of Double Resonance and Coherent Population Trapping in  
Wall‐Coated Cells for Compact Rb Atomic Clocks ........................................................................................... 203 
D. Miletic, Université de Neuchâtel  
Thejesh Bandi, Université de Neuchâtel 
Christoph Affolderbach, Université de Neuchâtel 
Gaetano Mileti, Université de Neuchâtel 
 
Reduction of the Magnetic Sensitivity of an Atomic Clock Against the  
Non‐Uniformity and Variations of the C‐Field ................................................................................................... 206 
Louis Marmet, National Research Council Canada 
 
Alternative Variables for Computing Sideband Pulling in Atomic Frequency Standards ............................ 211 
Jon Shirley, National Institute of Standards and Technology 
 
Study of a High Performance Rubidium Atomic Frequency Standard ........................................................... 215 
Da Zhong, Chines Academy of Sciences 
Ganghua Mei, Chines Academy of Sciences 
 
An Ultra‐Miniature Rb Atomic Clock Compatible with OCXO ......................................................................... 218 
Yuanhong Cao, Spaceon Co. Ltd. 
Lin Yang, Spaceon Co. Ltd. 
Qifang Li, Spaceon Co. Ltd. 
Haiqing Zhao, Spaceon Co. Ltd. 
Qiaoli Lin, Spaceon Co. Ltd. 
Runchang Du, Spaceon Co. Ltd. 
 
  



xi 
 

Compact Frequency Standard with Cold Atoms .............................................................................................. 223 
Stella Torres Müller, Universidade de Sao Paulo 
Daniel Varela Magalhães, Universidade de Sao Paulo 
Renato Ferracini Alves, Universidade de Sao Paulo 
Vanderlei Salvador Bagnato, Universidade de Sao Paulo 
 
Driving an Extra Small Atomic Resonator with Low-power Integrated RF Frequency  
and Laser Locked Loops  .................................................................................................................................... 225 
Jacques Haesler, CSEM SA 
Thomas Overstolz, CSEM SA 
Rony Jose James, CSEM SA 
Jörg Pierer, CSEM SA 
Matteo Contaldo, CSEM SA 
David Ruffieux, CSEM SA 
Steve Lecomte, CSEM SA 
 
Cs collisional frequency shift measurements in microcells filled with a  
Ne‐Ar buffer gas mizture ..................................................................................................................................... 230 
Rodolphe Boudot, FEMTO‐ST 
Danijela Miletic, Université de Neuchâtel 
Piotr Dziuban, FEMTO‐ST 
Pawel Knapkiewicz, Wroclaw University of Technology 
Jan Dziuban, Wroclaw University of Technology 
Christoph Affolderbarch, Université de Neuchâtel 
Gaetano Mileti, Université de Neuchâtel 
Vincent Giordano, FEMTO‐ST 
Christophe Gorecki, FEMTO‐ST 
 
Multiple stack anodically bonded 4mm thick Rb vapour cell .......................................................................... 233 
Yves Pétremand, Ecole Polytechnique Fédérale de Lausanne 
Rahel Straessle, Ecole Polytechnique Fédérale de Lausanne 
Nico de Rooij, Ecole Polytechnique Fédérale de Lausanne 
Matthieu Pellaton, LTF, Université de Neuchâtel 
Christoph Affolderbach, LTF, Université de Neuchâtel 
Gaetano Mileti, LTF, Université de Neuchâtel 
 
Investigations on Improved Rb cell standards ................................................................................................. 236 
Thejesh Bandi, University of Neuchâtel 
Florian Gruet, University of Neuchâtel 
Christoph Affolderbach, University of Neuchâtel 
Gaetano Mileti, University of Neuchâtel 
Claudio Calosso, Istituto Nazionale di Ricerca Metrologica INRIM 
 
A Fully Functional Ramsey‐CPT Atomic Clock ................................................................................................. 239 
Chao Guan, Electronic Engineering Institute 
Xiaosong Zhu, Electronic Engineering Institute 
Qun Zhou, Electronic Engineering Institute 
Yeqing Li, Peking University 
 
  



xii 
 

Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Oscillatorsm Sensors and Transducers I 
Room: Pacific Concourse - Area 4 
Session Chair: Christine Klemenz Rivenbark, Krystal Engineering LLC 
 
Application of Precision Engineering in laser transverse pumping 133Cs brain magnetometers ............... 242 
Takaya Watanabe, World Technology Instrument Co.,Ltd. 
 
Polymer Coated Thin Film Plate Acoustic Resonators (FPAR) for Gas Sensing Applications ................... 248 
Lilia Arapan, Uppsala University 
Gergana Alexieva, University of Sofia 
Vesseline Strashilov, University of Sofia 
Ilia Katardjiev, Uppsala University 
Ventsislav Yantchev, Uppsala University 
 
Calibration of Non‐contact Temperature‐compensated SAW Resonant Torque Sensors ........................... 253 
Victor Kalinin, Transense Technologies plc 
 
High Sensitivity MEMS Capacitive Tilt Sensor Using Multi‐Resonant Cylindrical  
Waveguide Structure ........................................................................................................................................... 259 
B.S. Panwar, I.I.T. Delhi 
Siddharth Panwar, Stanford University 
 
Experimental Study of Quartz Crystal Gravity Sensor by MEMS Technology .............................................. 265 
Takeru Mutoh, Nihon Dempa Kogyo co.,ltd. 
Mitsuaki Koyama, Nihon Dempa Kogyo co.,ltd. 
Takao Aizawa, SUNCOH CONSULTANT co.,Ltd. 
Toshifumi Matsuoka, Kyoto University 
 
SAW‐Thin‐Film Acoustoelectric In‐Situ Observation and Measurement  ...................................................... 270 
Brian Fisher, University of Central Florida 
Donald Malocha, University of Central Florida 
*Student Paper Competetion Paper 
 
Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Timekeeping, Time and Frequency Transfer, GNSS Applications I 
Room: Pacific Concourse - Area 5 
Session Chair: Patrizia Tavella, INRIM 
 
Clock Current State Estimation with the Kalman‐Like Algo‐rithm Employing  
Measurement of Time Errors .............................................................................................................................. 276 
Yuriy Shmaliy, Guanajuato University 
Oscar Ibarra‐Manzano, Guanajuato University 
 
Summary of the Link Calibration Between NIM and PTB Using a Traveling GPS Receiver ........................ 280 
Kun Liang, National Institute of Metrology 
Thorsten Feldmann, Physikalisch‐Technische Bundesanstalt 
Andreas Bauch, Physikalisch‐Technische Bundesanstalt 
Dirk Piester, Physikalisch‐Technische Bundesanstalt 
Aimin Zhang, National Institute of Metrology 
Xiaoxun Gao, National Institute of Metrology 
 
Ovenless, Small-size, Low-power, IMU/Quartz-Oscillator Ensemble Performs like Atomic Clocks ........... 286 
Gus German, Allan Space‐Time Solutions, LLC 
David Allan, Allan Space‐Time Solutions, LLC 
John Cline, Bliley Technologies Inc. 
Gregory Rogers, Bliley Technologies Inc. 
 



xiii 
 

Formation of a Neural‐Fuzzy Time Scale in the Eastern Asia ......................................................................... 292 
Chia‐Shu Liao, Chunghwa Telecom Co., Ltd. 
Kun‐Yuan Tu, Vanung University 
Fang‐Dar Chu, Chunghwa Telecom Co., Ltd. 
Huang‐Tien Lin, Chunghwa Telecom Co., Ltd 
Yi‐Jiun Huang, Chunghwa Telecom Co., Ltd 
 
Satellite Orbit Determination and Time Transfer Based on TWSTFT ............................................................. 296 
Wenjun Wu, National Time Service Center 
Zhigang Li, National Time Service Center 
Xuhai Yang, National Time Service Center 
Hui Lei, National Time Service Center 
Xuan Chen, National Time Service Center 
Chugang Feng, Shanghai Astronomical Observatory 
*Student Paper Competetion Paper 
 
Time Transfer Using Frame Detection in Fiber‐Optical Communication Networks: New Hardware ........... 300 
Kenneth Jaldehag, SP Technical Research Institute of Sweden 
Sven‐Christian Ebenhag, SP Technical Research Institute of Sweden 
Carsten Rieck, SP Technical Research Institute of Sweden 
Per Olof Hedekvist, SP Technical Research Institute of Sweden 
 
Implementation of Real‐Time MTIE Assessment Method ................................................................................ 304 
Andrzej Dobrogowski, Poznan University of Technology 
Michal Kasznia, Poznan University of Technology 
 
Generation of 1‐pps Timing Signal Controlled by NTP .................................................................................... 310 
Andrzej Dobrogowski, Poznan University of Technology 
Mieczyslaw Jessa, Poznan University of Technology 
Michal Kasznia, Poznan University of Technology 
Krzysztof Lange, Poznan University of Technology 
 
Active Optical Pre‐Compensation in Short Range Frequency Transfer in  
Optical Single‐Mode Fiber ................................................................................................................................... 315 
Sven-Christian Ebenhag, SP Technical Research Institute of Sweden 
Per Olof Hedekvist, SP Technical Research Institute of Sweden 
Kenneth Jaldehag, SP Technical Research Institute of Sweden 
 
Some remarks on the CCTF CGGTTS Format ................................................................................................... 317 
Zhiheng Jiang, Bureau International des Poids et Mesures  
Wlodzimierz Lewandowski, Bureau International des Poids et Mesures  
 
Comparison of the GLONASS Orbit Products for UTC Time Transfer ........................................................... 323 
Zhiheng Jiang, Bureau International des Poids et Mesures  
Gerard Petit, Bureau International des Poids et Mesures  
'Aurélie Harmegnies, Bureau International des Poids et Mesures  
Wlodzimierz Lewandowski, Bureau International des Poids et Mesures  
 
  



xiv 
 

Monday, May 2 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Optical Frequency Standards & Applications I 
Room: Pacific Concourse - Area 6 
Session Chair: Pierre Thomann, Universite de Neuchatel 
 
Generation of an ultrastable 578 nm Laser for Yb lattice clock ...................................................................... 329 
Marco Pizzocaro, Politecnico di Torino 
Alberto Mura, INRIM 
Davide Calonico, INRIM 
Giovanni Antonio Costanzo, Politecnico di Torino 
Aldo Godone, INRIM 
Filippo Levi, INRIM 
Marco Zoppi, Politecnico di Torino 
 
Measurement of radiative decay and cold collisions trap losses in laser-cooled Ytterbium ...................... 333 
Marco Zoppi, Politecnico di Torino 
Davide Calonico, INRIM 
Filippo Levi, INRIM 
Luca Lorini, INRIM 
Giovanni Antonio Costanzo, Politecnico di Torino 
Aldo Godone, INRIM 
Marco Pizzocaro, Politecnico di Torino 
E.K. Bertacco, INRIM 
 
Quantum Cascade Laser: a Promising Candidate Toward an Ultra-Stable Laser in the Mid-IR .................. 337 
Lionel Tombez, Université de Neuchâtel 
Joab Di Francesco, Université de Neuchâtel 
Stéphane Schilt, Université de Neuchâtel 
Gianni Di Domenico, Université de Neuchâtel 
Daniel Hofstetter, Université de Neuchâtel 
Pierre Thomann, Université de Neuchâtel 
 
Stability limits of an optical frequency standard based on free Ca atoms .................................................... 340 
Jeff Sherman, NIST 
Chris Oates, NIST 
 
Evaluation of Fabry-Perot cavity length by a stabilized optical frequency comb and  
acetylene absorption ........................................................................................................................................... 345 
Radek Smid, Institute of Scientific Instruments of the ASCR 
Ondrej Cip, Institute of Scientific Instruments of the ASCR 
Martin Cizek, Institute of Scientific Instruments of the ASCR 
Zdenek Buchta, Institute of Scientific Instruments of the ASCR 
Josef Lazar, Institute of Scientific Instruments of the ASCR 
 
Tuesday, May 3 8:30 a.m. – 11:00 a.m. 
 
Session: Ion Clocks 
Room: Grand Ballroom B 
Session Chair: Eric Burt, JPL/NASA 
 
Precision Calculation of Blackbody Radiation shifts for Metrology at the 18th Decimal Place .................... 349 
Marianna Safronova, University of Delaware 
Mikhail Kolzov, PNPI 
Charles Clark, Joint Quantum Institute 
 
  



xv 
 

Tuesday, May 3 8:30 a.m. – 11:00 a.m. 
 
Session: Novel structures for MEMS Resonators 
Room: Grand Ballroom C 
Session Chair: Gianluca Piazza, University of Pennsylvania 
 
INVITED: Ferroelectric PZT RF MEMS Resonators .......................................................................................... 353 
Jeffrey Pulskamp, US Army Research Laboratory 
Sarah Bedair, US Army Research Laboratory 
Ronald Polcawich, US Army Research Laboratory 
Daniel Judy, US Army Research Laboratory 
Sunil Bhave, Cornell University 
 
Ultra High Frequency Air/Aluminum Nitride Fractal Phononic Crystals ........................................................ 359 
Nai-Kuei Kuo, University of Pennsylvania 
Gianluca Piazza, University of Pennsylvania 
*Student Paper Competetion Paper 
 
A new acoustic resonator concept based on acoustic waveguides using  
Silicon/Periodically Poled Transducer/Silicon structures for RF applications ............................................. 363 
Florent Bassignot, FEMTO-ST 
Gwenn Ulliac, FEMTO-ST 
Jean-Marc Lesage, DGA 
Emilie Courjon, FEMTO-ST 
Julien Garcia, FEMTO-ST 
Bruno François, FEMTO-ST 
Sylvain Ballandras, FEMTO-ST 
 
High quality factor lithium niobate electrostrictive HBAR resonators ........................................................... 369 
Mathieu Pijolat, CEA LETI  
Chrystel Deguet, CEA LETI  
Christophe Billard, CEA LETI  
Denis Mercier, CEA LETI  
Alexandre Reinhardt, CEA LETI  
Marc Aid, CEA LETI  
Sylvain Ballandras, FEMTO-ST 
Emmanuel Defay, CEA LETI  
 
Motional Impedance of Resonators in the Nonlinear Regime ......................................................................... 372 
Hyung Kyu Lee, Stanford University 
Renata Melamud, Stanford University 
Saurabh Chandorkar, Stanford University 
Yu Qiao Qu, Stanford University 
James Salvia, Stanford University 
Thomas Kenny, Stanford University 
 
  



xvi 
 

Tuesday, May 3 8:30 a.m. – 11:00 a.m. 
 
Session: Two Way Optical and Microwave Links 
Room: Seacliff Rooms 
Session Chair: Mizuhiko Hosokawa, NICT 
 
INVITED: Time transfer by laser link - T2L2: Current Status and Future Experiments................................. 378 
Etienne Samain, Observatoire de la Côte d'Azur 
Pierre Exertier, Observatoire de la Côte d'Azur 
Philippe Guillemot, CNES 
Francis Pierron, Observatoire de la Côte d'Azur 
Jean Marie Torre, Observatoire de la Côte d'Azur 
C.Courde, Observatoire de la Côte d'Azur 
D. Albanase, Observatoire de la Côte d'Azur 
Philippe Laurent, Observatoire de Paris 
Michel Abgrall, Observatoire de Paris 
Joseph Achkar, Observatoire de Paris 
Kheilifa Djeroud, Observatoire de Paris 
Daniele Rovera, Observatoire de Paris 
Sylvie Leon, CNES 
M. Laaz Bourez, Observatoire de la Côte d'Azur 
H. Mariery, Observatoire de la Côte d'Azur 
G. Martinot-Lagarde, Observatoire de la Côte d'Azur 
JL. Oneto, Observatoire de la Côte d'Azur 
J. Paris, Observatoire de la Côte d'Azur 
H. Viot, Observatoire de la Côte d'Azur 
 
Construction Progress in the Photon Counting Detector for the European  
Laser Timing Experiment .................................................................................................................................... 384 
Jan Kodet, Czech Technical University in Prague 
Ivan Prochazka, Czech Technical University in Prague 
Josef Blazej, Czech Technical University in Prague 
Jan Brinek, CSRC 
*Student Paper Competetion Paper 
 
The Dual Pseudo-Random Noise TWSTFT Time Transfer Experiment between NICT and TL .................... 389 
Shinn-Yan Lin, Chunghwa Telecom 
Wen-Hung Tseng, Chunghwa Telecom 
Yi-Jiun Huang, Chunghwa Telecom 
Chia-Shu Liao, Chunghwa Telecom 
Huang-Tien Lin, Chunghwa Telecom 
Kai-Ming Feng, National Tsing Hua University 
 
Transatlantic 2.5 MChip/S Two-Way Satellite Time and Frequency Transfer with  
Surface Acoustic Wave Filters............................................................................................................................ 393 
Victor Zhang, NIST 
Thomas Parker, NIST 
Joseph Achkar, LNE-SYTRE 
Daniele Rovera, LNE-SYRTE 
 
Dual-Stage Quad-Mixer Satellite Simulator for TWSTFT Station .................................................................... 398 
Faisal Ali Mubarak, Dutch Metrology Institute 
Erik Dierikx, Dutch Metrology Institute 
 
  



xvii 
 

Tuesday, May 3 1:30 p.m. – 3:30 p.m. 
 
Session: Combs 
Room: Grand Ballroom B 
Session Chair: Scott Crane, USNO 
 
Carrier-envelope phase dependent photoemission from a nanometric metal tip ......................................... 404 
Peter Hommelhoff, Max-Planck-Institut für Quantenoptik 
Markus Schenk, Max-Planck-Institut für Quantenoptik 
Michael Krüger, Max-Planck-Institut für Quantenoptik 
 
Tuesday, May 3 1:30 p.m. – 3:30 p.m. 
 
Session: Liquid Sensors 
Room: Grand Ballroom C 
Session Chair: Fabien Josse, Marquette University 
 
Surface Functionalization and Monolayer Formation on Silicon Resonant Nanoballances ........................ 407 
Babak Tousifar, University of Denver 
Miroslav Kvasnica, University of Denver 
Siavash Pourkamali, University of Denver 
*Student Paper Competetion Paper 
 
Damping and Mass Sensitivity of Laterally Vibrating Resonant Microcantilevers  
in Viscous Liquid Media ...................................................................................................................................... 412 
Russell Cox, Marquette University 
Jinjin Zhang, Marquette University 
Luke Beardslee, Georgia Institute of Technology 
Fabien Josse, Marquette University 
Stephen Heinrich, Marquette University 
Oliver Brand, Georgia Institute of Technology 
Isabelle Dufour, Universite de Bordeaux 
 
Liquid Sensor Utilizing a Regular Phononic Crystal with Normal Incidence of Sound ................................ 418 
Ralf Lucklum, Otto-von-Guericke-University 
Mikhail Zubtsov, Otto-von-Guericke-University 
Manzhu Ke, Wuhan University 
 
Influence of Ambient Parameters on the Response of Polymer-Coated Sh-Surface  
Acoustic Wave Sensors to Aromatic Analytes in Liquid-Phase Detection .................................................... 422 
Florian Bender, Marquette University 
Antonio Ricco, Stanford University 
Fabien Josse, Marquette University 
 
Surface Acoustic Wave Flow Sensor ................................................................................................................. 428 
Yizhong Wang, University of Pittsburgh 
Zheng Li, Peking University 
Lifeng Qin, University of Pittsburgh 
Qing-Ming Wang, University of Pittsburgh 
 
Solidly Mounted Resonators with Carbon Nanotube Electrodes for Biosensing Applications .................. 432 
L. Garcia-Gancedo, University of Cambridge 
E. Iborra, Universidad Politecnica de Madrid 
M. Clement, Universidad Politecnica de Madrid 
J. Olivares, Universidad Politecnica de Madrid 
Z. Zhu, University of Cambridge 
G. Ashley, University of Bolton 
A. Flewitt, University of Cambridge 
J. Luo, University of Bolton 
W.I. Milne, University of Cambridge 



xviii 
 

 
Tuesday, May 3 1:30 p.m. – 3:30 p.m. 
 
Session: Frequency Synthesis & CMOS Oscillators 
Room: Seacliff Rooms 
Session Chair: Jeremy Everard, University of York 
 
INVITED: A History of the Development of CMOS Oscillators: the Dark Horse  
in Frequency Control ........................................................................................................................................... 437 
Michael McCorquodale, Integrated Device Technology 
 
A Highly Stable CMOS Self-Compensated Oscillator (SCO) Based on an LC Tank  
Temperature Null Concept .................................................................................................................................. 443 
Ayman Ahmed, Si-Ware Systems 
Bassel Hanafi, Si-Ware Systems 
Sherif Hosny, Si-Ware Systems 
Nabil Sinoussi, Si-Ware Systems 
Ahmed Hamed, Si-Ware Systems 
Mohamed Samir, Si-Ware Systems 
Mohamed Essam, Si-Ware Systems 
Ahmed El-Kholy, Si-Ware Systems 
Mohamed Weheiba, Si-Ware Systems 
Ahmed Helmy, Si-Ware Systems 
 
A 4.6 GHz, 15 mW Frequency Synthesizer CMOS ASIC with Milli-Hertz Frequency  
Resolution for Miniature Atomic Clocks ............................................................................................................ 448 
Yazhou Zhao, Ecole Polytechnique Fédérale de Lausanne 
Steve Tanner, Ecole Polytechnique Fédérale de Lausanne 
Arnaud Casagrande, ASULAB 
Pierre-André Farine, Ecole Polytechnique Fédérale de Lausanne 
*Student Paper Competetion Paper 
 
A Novel High Frequency Synthesizer Using Injection-Mode Coupled VCSO for  
Low Jitter and Low Noise Applications ............................................................................................................. 452 
Ulrich Rohde, University of Cottbus 
Ajay Poddar, Synergy Microwave Corp 
 
Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Materials and Filters 
Room: Pacific Concourse - Area 1 
Session Chair: Yoonkee Kim, US Army 
 
2-IDT Double-Mode SAW Filters with Decreased Insertion Loss and  
Advanced Functionalities .................................................................................................................................... 458 
Sergei Doberstein, ONIIP 
 
Determination and Experimental Verification of High Temperature SAW  
Orientations on Langatate ................................................................................................................................... 462 
Peter Davulis, University of Maine 
Mauricio Pereira Da Cunha, University of Maine 
 
Temperature Coefficients of Elastic Constants of Trigonal and Tetragonal Crystals .................................. 468 
Boris Sorokin, Technological Institute for Superhard and Novel Carbon Materials 
Arseniy Telichko, Technological Institute for Superhard and Novel Carbon Materials 
 
  



xix 
 

Large Band-Pass BAW Filter for Space Applications ...................................................................................... 472 
M. Chatras, XLIM 
Lise Catherinot, XLIM 
Stephane Bila, XLIM 
 Dominique Cros , XLIM 
Thomas Baron, FEMTO-ST 
Sylvain Ballandras, FEMTO-ST 
Philippe Montfraix, TAS 
Laetitia Estagerie, CNES 
 
Effect of substrate material and electrode surface preparation on stress and  
piezoelectric properties of aluminum nitride .................................................................................................... 475 
Sergey Mishin, Advanced Modular Systems, Inc 
Michael Gutkin, Advanced Modular Systems, Inc 
 
Multiple Frequency Solidly Mounted BAW Filters ............................................................................................ 478 
Alexandre Reinhardt, CEA-LETI 
Marta Clement, Universidad Politecnica de Madrid 
Jimena Olivares, Universidad Politecnica de Madrid 
Enrique Iborra, Universidad Politecnica de Madrid 
Jean-Baptiste David, CEA-LETI 
Christine Fuchs, CEA-LETI 
Nick Rimmer, SPP Process Technology Systems UK Ltd. 
Steve Burgess, SPP Process Technology Systems UK Ltd. 
 
Resonant Subterahertz Coherent Acoustic Waves Excitation by Josephson Junction .............................. 483 
Valery Koshelets, Kotel’nikov Institute of Radio-engineering and Electronics RAS 
Natalia Polzikova, Kotel’nikov Institute of Radio-engineering and Electronics RAS 
Georgy Mansfeld, Kotel’nikov Institute of Radio-engineering and Electronics RAS 
Yury Tokpanov, Kotel’nikov Institute of Radio-engineering and Electronics RAS 
 
Thin film quartz layer reported on silicon ......................................................................................................... 486 
Bruno Imbert, CEA-LETI 
Alexandre Reinhardt, CEA-LETI 
Thibault Ricart, CEA-LETI 
Christophe Billard, CEA-LETI 
Emmanuel Defay, CEA-LETI 
Héloise Virieux, CEA-LETI 
Thomas Jouanneau, CEA-LETI 
P. Geraud, CEA-LETI 
E. Augendre, CEA-LETI 
Thomas Signamarcheix, CEA-LETI 
Sylvain Ballandras, FEMTO-ST 
Chrystel Deguet, CEA-LETI 
 
Characterization of Amorphous Tantalum Oxide for Insulating Acoustic Mirrors ....................................... 490 
José Capilla, Universidad Politécnica de Madrid 
Jimena Olivares, Universidad Politécnica de Madrid 
Marta Clement, Universidad Politécnica de Madrid 
Arnauld Devos, ISEN-CNRS 
Jesús Sangrador, Universidad Politécnica de Madrid 
Enrique Iborra, Universidad Politécnica de Madrid 
 
Introducing Porous Silicon as Getter Using the Self Aligned Maskless Process to  
Enhance the Quality Factor of Packaged MEMS Resonators ......................................................................... 496 
Wajihuddin Mohammad, Louisiana Tech University 
Chester Wilson, Louisiana Tech University 
Ville Kaajakari, VTI Technologies 
 
  



xx 
 

A Micro-Resonator for Fundamental Physics Experiments and its possible interest  
for time and frequency applications .................................................................................................................. 500 
Olivier Le Traon, ONERA 
Michaël Bahriz, ONERA 
Olivier Ducloux, ONERA 
Steve Masson, ONERA 
Denis Janiaud, ONERA 
Aurélien Kuhn, Laboratoire Kastler Brossel 
Tristan Briant, Laboratoire Kastler Brossel 
Pierre-François Cohadon, Laboratoire Kastler Brossel 
Antoine Heidmann, Laboratoire Kastler Brossel 
Christophe Michel, Laboratoire des Matériaux Avancés 
Laurent Pinard, Laboratoire des Matériaux Avancés 
Raphaele Flaminio, Laboratoire des Matériaux Avancés 
 
Characteristics of AlN Lamb Wave Resonators with Various Bottom Electrode Configurations ............... 505 
Chih-Ming Lin, Univerity of California Berkeley 
Ventisislav Yantchev, Uppsala University 
Yung-Yu Chen, Tatung University 
Valery Felmetsger, OEM Group Incorporated 
Albert Pisano, Univerity of California Berkeley 
 
Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Oscillators, Synthesizers, Noise & Circuit Techniques II 
Room: Pacific Concourse - Area 2 
Session Chair: Jeremy Everard, University of York 
 
Multi-Mode Multi-Band Tunable Active Inductor Oscillators ........................................................................... 510 
Ulrich Rohde, University of Cottbus 
Ajay Poddar, Synergy Microwave Corp. 
 
A 4.596 GHz frequency Synthesis based on a Solid-Mounted Resonator Oscillator ................................... 516 
Rodolphe Boudot, FEMTO-ST 
Ming Dong Li, IEMN 
Vincent Giordano, FEMTO-ST 
Nathalie Rolland, IEMN 
Paul Alain Rolland, IEMN 
Pierre Vincent, CEA-LETI 
 
Adaptive Mode-Coupled Harmonically Tuned Ultra Low Phase Noise VCSO Circuits................................. 519 
Ulrich Rohde, University of Cottbus 
Ajay Poddar, Synergy Microwave Corp. 
 
ULISS : a mobile cryogenic ultra-stable oscillator ........................................................................................... 525 
Serge Grop, FEMTO-ST 
B. Dunois, FEMTO-ST 
Pierre-Yves Bourgeois, FEMTO-ST 
Yann Kersalé, FEMTO-ST 
E. Rubiola, FEMTO-ST 
Gregory Haye, FEMTO-ST 
Vincent Giordano, FEMTO-ST 
 
A Multi-Channel time interval measurement for Time Comparison ................................................................ 529 
Shao-Hua Shi, Chinese Academy of Science 
Xiao-Hui Li, Chinese Academy of Science 
Hui-Jun Zhang, Chinese Academy of Science 
Zhi-Xiong Zhao, Chinese Academy of Science 
 
  



xxi 
 

Vibration Sensitivity of Optical Components: a Survey .................................................................................. 532 
Archita Hati, NIST 
Craig Nelson, NIST 
David Howe, NIST 
 
The Use of Multi-Variance for a Likelihood Weighted Drift Estimation in a Disciplined  
 Oscillator Algorithm ............................................................................................................................................ 536 
Gregory Weaver, John Hopkins University Applied Physics Laboratory 
Mihran Miranian, John Hopkins University Applied Physics Laboratory 
Jeffrey Garstecki, John Hopkins University Applied Physics Laboratory 
 
Reliability of Next Generation High Performance pMEMSTM Oscillators ....................................................... 545 
Harmeet Bhugra, Integrated Device Technology Inc. 
Seungbae Lee, Integrated Device Technology Inc. 
Wanling Pan, Integrated Device Technology Inc. 
Ye Wang, Integrated Device Technology Inc. 
Dino Lei, Integrated Device Technology Inc. 
 
Slow Wave Resonator Based Tunable Oscillators ........................................................................................... 549 
Ajay Poddar, Synergy Microwave Corp. 
Ulrich Rohde, University of Cottbus 
 
Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Microwave Frequency Standards II 
Room: Pacific Concourse - Area 3 
Session Chair: Pierre Thomann, Universite de Neuchatel 
 
Progress of Rubidium Fountain Clock Research at SIOM ............................................................................... 559 
Chunyan Shi, Shanghai Institute of Optics and Fine Mechanics 
Rong Wei, Shanghai Institute of Optics and Fine Mechanics 
Zi-Chao Zhou, Shanghai Institute of Optics and Fine Mechanics 
Tang Li, Shanghai Institute of Optics and Fine Mechanics 
Yu-Zhu Wang, Shanghai Institute of Optics and Fine Mechanics 
 
The 2nd Harmonic Signal in Vapor-Cell Atomic Clocks .................................................................................... 564 
James Camparo, The Aerospace Corporation 
Gilda Fathi, The Aerospace Corporation 
 
Ramsey Narrowing of the Coherent Population Trapping Resonance Induced by  
Motion of the Atoms in Wall-Coated Cells ......................................................................................................... 570 
Andrey Litvinov, Saint-Petersburg State Polytechnical University 
G. Kazakov, Saint-Petersburg State Polytechnical University 
E. Breschi, University of Fribourg 
B. Matisov, Saint-Petersburg State Polytechnical University 
 
A Digital Servo with Single Frequency Modulation for Passive Hydrogen Maser ........................................ 577 
Yu Ying Li, Shanghai Astronomical Observatory 
TieXin Liu, Shanghai Astronomical Observatory 
ChuanFu Lin, Shanghai Astronomical Observatory 
Jia Yu Dai, Shanghai Astronomical Observatory 
Yong Zhang, Shanghai Astronomical Observatory 
 
The Orientation Dependence of the SHF Radio-Optical Resonance Frequency  
Light Shift in Rubidium Vapors .......................................................................................................................... 580 
Alexey Baranov, Saint-Petersburg State Polytechnical University 
Sergey Ermak, Saint-Petersburg State Polytechnical University 
Vladimir Semenov, Saint-Petersburg State Polytechnical University 
 
  



xxii 
 

Most recent result of pulsed microwave hydrogen maser .............................................................................. 582 
Yonghui Xie, Shanghai Astronomical Observatory 
Pengfei Chen, Graduate University of the Chinese Academy of Sciences 
Tiexin Liu, Shanghai Astronomical Observatory 
Yuying Li, Graduate University of the Chinese Academy of Sciences 
Chuanfu Lin, Shanghai Astronomical Observatory 
 
Proposal of Rubidium Atomic Beam Clock Based on Lamp Pumped and Fluorescence Detection .......... 586 
Yanhui Wang, Peking University 
Yuan Gu, Peking University 
Jiaqiang Huang, Peking University 
Shuqin Liu, Peking University 
Taiqian Dong, Peking University 
Zehuang Lu, Huazhong University of Science and Technology 
 
Integrating Sphere Cold Atom Clock with Cylinder Cavity .............................................................................. 588 
Xucheng Wang, Chinese Academy of Sciences  
Huadong Cheng, Chinese Academy of Sciences 
Benchang Zheng, Chinese Academy of Sciences 
Yanling Meng, Chinese Academy of Sciences 
Ling Xiao, Chinese Academy of Sciences 
Desheng Lu, Chinese Academy of Sciences 
Yuzhu Wang, Chinese Academy of Sciences 
 
Nonlinear Pressure Shifts of Alkali-Metal Atoms in Xenon ............................................................................. 591 
Bart McGuyer, Princeton University 
Tian Xia, University of Wisconsin 
Yuan-Yu Jau, Sandia National Laboratories 
William Happer, Princeton University 
 
Update on a Comparison of Cesium Fountain Primary Frequency Standards ............................................. 596 
Thomas Parker, NIST 
 
Temperature Compensation via RF Power Adjusting in Chip Scale Atomic Clocks .................................... 600 
Yeqing Li, Peking University 
Ke Deng, Peking University 
Qing Meng, Peking University 
Daiting Shi, Peking University 
Xuzong Chen, Peking University 
Zhong Wang, Peking University 
 
Laser-pumped double-resonance clock using a micro-fabricated cell .......................................................... 604 
Matthieu Pellaton, Universite de Neuchatel 
Yves Petremand, EPFL IMT-NE SAMLAB 
Christoph Affolderbach, Universite de Neuchatel 
Gaetano Mileti, Universite de Neuchatel 
Nico de Rooij, EPFL IMT-NE SAMLAB 
 
Temperature dependence of a Cs vapor cell clock: pressure shift, signal amplitude, light shift ............... 607 
Olga Kozlova, LNE-SYRTE 
Jean-Marie Danet, LNE-SYRTE 
Stéphane Guérandel, LNE-SYRTE 
Emeric de Clercq, LNE-SYRTE 
 
Status of a compact cold-atom CPT frequency standard ................................................................................ 612 
Francois-Xavier Esnault, NIST 
Elizabeth Donley, NIST 
John Kitching, NIST 
Eugene Ivanov, University of Western Australia 
 



xxiii 
 

Recent atomic fountain clock comparisons at LNE-SYRTE ............................................................................ 615 
Jocelyne Guéna, LNE-SYRTE 
Michel Abgrall, LNE-SYRTE 
Daniele Rovera, LNE-SYRTE 
Peter Rosenbusch, LNE-SYRTE 
Baptiste Chupin, LNE-SYRTE 
Michael Tobar, LNE-SYTRE 
Michel Lours, LNE-SYRTE 
Giorgio Santarelli, LNE-SYRTE 
Philippe Laurent, LNE-SYRTE 
Sébastien Bize, LNE-SYRTE 
André Clarion, LNE-SYRTE 
 
Disciplined Rubidium Oscillator for Harsh Environments .............................................................................. 618 
T. McClelland, Frequency Electronics, Inc. 
I. Shtaerman, Frequency Electronics, Inc. 
E. Zarjetski, Frequency Electronics, Inc. 
R. Baransky, Frequency Electronics, Inc. 
M. Khurgin, Frequency Electronics, Inc. 
 
Stability of Relaxation Processes in a Quantum System as a Main Factor for Achieving  
the Long-Term Frequency Stability of a Standard............................................................................................ 623 
Evgeny Pestov, Geologorazvedka 
 
Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Sensors and Tranducers II 
Room: Pacific Concourse - Area 4 
Session Chair: Jan Kuypers 
 
Viscosity Sensor Based on c-axis Tilted AlN Thin Film Bulk Acoustic Wave Resonator ............................ 628 
Lifeng Qin, University of Pittsburgh 
Yizong Wang, University of Pittsburgh 
Jing-Feng Li, 
Qing-Ming Wang, University of Pittsburgh 
 
A new QCM Sensor Characterization Technique Based on the Phase/Mass Sensitivity Concept ............. 632 
Yeison Montagut, Universidad Politécnica de Valencia 
Jose Vicente García-Narbón, Universidad Politécnica de Valencia 
Yolanda Jiménez, Universidad Politécnica de Valencia 
Carmen March, Universidad Politécnica de Valencia 
Ángel Montoya, Universidad Politécnica de Valencia 
Antonio Arnau, Universidad Politécnica de Valencia 
 
Characterization of Rotational Mode Disk Resonator Quality Factors in Liquid .......................................... 636 
Amir Rahafrooz, University of Denver 
Siavash Pourkamali, University of Denver 
 
  



xxiv 
 

Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Timekeeping, Time and Frequency Transfer, GNSS Applications II 
Room: Pacific Concourse - Area 5 
Session Chair: Patrizia Tavella, INRIM 
 
Relationship between time interval measurement and frequency sources  
comparison and its application .......................................................................................................................... 641 
Miao Miao, Xidian University 
Qu Bayi, Chang'an University 
Zhou Wei, Xidian University 
 
Improvement of the Asia-Pacific TWSTFT Network Performance Utilizing DPN results.............................. 645 
Huang-Tien Lin, NTFSL 
Yi-Jiun Huang, NTFSL 
Chia-Shu Liao, NTFSL 
Fang-Dar Chu, NTFSL 
Wen-Hung Tseng, NTFSL 
Wei-Chih Hsu, National Kaohsiung First University of Science and Technology 
 
An Optical Fibre-Based Frequency Dissemination Network for Australia ..................................................... 649 
Yabai He, National Measurement Institute 
Michael Wouters, National Measurement Institute 
Peter Fisk, National Measurement Institute 
Bruce Warrington, National Measurement Institute 
Magnus Hsu, National Measurement Institute 
Andre Luiten, University of Western Australia 
Brian Orr, Macquarie University 
Kenneth Baldwin, Australian National University 
Guido Aben, AARNet 
 
Improvement of the Reception Capability of Time Dissemination of Short Wave  
Broadcasting by Digital Modulation ................................................................................................................... 652 
Sung-Hoon Yang, KRISS 
Young Kyu Lee, KRISS 
Taeg Yong Kwon, KRISS 
Chang Bok Lee, KRISS 
Sang Jeong Lee, Chungnam National University 
 
Impact of the transponder configuration on the Asia-Europe TWSTFT network .......................................... 655 
Miho Fujieda, National Institute of Information and Communications Technology 
Hideo Maeno, National Institute of Information and Communications Technology 
Dirk Piester, Physikalisch-Technische Bundesanstalt 
Andreas Bauch, Physikalisch-Technische Bundesanstalt 
Sung-Hoon Yang, Korea Research Institute of Standards and Science 
Tomonari Suzuyama, National Institute of Advanced Industrial Science and Technology 
Wen-Hung Tseng, Telecommunication Laboratories 
Li Huanxin, National Time Service Center 
Yuan Gao, National Institute of Metrology 
Joseph Achkar, Observatoire de Paris 
D. Rovera, Observatoire de Paris 
 
Slave to Master Clock Synchronization via IP Network for Time Distribution and  
Remote Calibration Applications........................................................................................................................ 661 
Laurent-Guy Bernier, Federal Office of Metrology  
André Stefanov, Federal Office of Metrology  
 
  



xxv 
 

Timing and synchronization in mobile telecommunication netwoks ............................................................. 665 
Bronius Dzindzeleta, JSC 
Rimantas Miškinis, Center for Physical Sciences and Technology 
Dmitrij Smirnov, Center for Physical Sciences and Technology 
Emilis Urba, Center for Physical Scieces and Technology 
 
Examination of Time and Frequency Control Across Wide Area Networks Using  
IEEE-1588v2 Unicast Transmissions ................................................................................................................. 670 
Andrew Novick, NIST 
Marc Weiss, NIST 
K. Lee, NIST 
D. Sutton, NIST 
 
Time and Frequency Transfer combining GLONASS and GPS data .............................................................. 676 
Pascale Defraigne, Royal Observatory of Belgium 
Aurélie Harmegnies, Bureau International des Poids et Mesures 
Gérard Petit, Bureau International des Poids et Mesures 
 
Time-Code Assisted Low-Power GNSS Single-Shot Receiver for Mobile Devices ....................................... 681 
Christoph Kandziora, University Erlangen Nuremberg 
Robert Weigel, University Erlangen Nuremberg 
 
Towards an All-Digital Time Scale ..................................................................................................................... 685 
Stefania Romisch, NIST 
Steven Jefferts, NIST 
Thomas Parker, NIST 
 
The Method of Time Synchronization Based on the Combination of Compass  
Geo Pseudo‐Range and Two‐Way Data ............................................................................................................. 690 
Xuhai Yang, National Time Service Center 
Langming Ma, National Time Service Center 
Le Sun, National Time Service Center 
Wei Zhou, Xidian University 
Zhigang Li, National Time Service Center 
Hui Lei, National Time Service Center 
Baoqi Sun, National Time Service Center 
 
Tuesday, May 3 3:50 p.m. – 5:50 p.m. 
 
Poster Session: Optical Frequency Standards & Applications II 
Room: Pacific Concourse - Area 6 
Session Chair: Pierre Thomann, Universite de Neuchatel 
 
Active optics for the interrogation of a single ion ............................................................................................ 695 
Olivier Morizot, Université de Provence 
Gaëtan Hagel, Université de Provence 
D. Guyomarc’h, Université de Provence 
Marie Houssin, Université de Provence 
Martina Knoop, Université de Provence 
 
Development of a cryogenic Sub-Hz laser system for optical clocks ............................................................ 699 
Thomas Kessler, Physikalisch-Technische Bundesanstalt 
Christian Hagemann, Physikalisch-Technische Bundesanstalt 
Thomas Legero, Physikalisch-Technische Bundesanstalt 
Uwe Sterr, Physikalisch-Technische Bundesanstalt 
Fritz Riehle, Physikalisch-Technische Bundesanstalt 
Michael Martin, NIST 
Jun Ye, NIST 
 
  



xxvi 
 

Doppler-free spectroscopy using a mid-infrared optical parametric oscillator linked  
to a frequency comb generator .......................................................................................................................... 701 
Markku Vainio, Centre for Metrology and Accreditation  
Mikko Merimaa, Centre for Metrology and Accreditation  
Kaj Nyholm, Centre for Metrology and Accreditation  
Lauri Halonen, University of Helsinki 
 
Applications of Electrodeless Discharge Rb Vapor Lamp for frequency stabilization  
of 1529 nm laser ................................................................................................................................................... 706 
Qinqing Sun, Peking university 
Xinyu Miao, Peking university 
Jingbiao Chen, Peking university 
 
Use of AOM-RN As a Phase Modulator in FM Sideband Heterodyne Technique  
in the Atomic Frequency Standards .................................................................................................................. 709 
Viacheslav Baryshev, FGUP VNIIFTRI 
Viacheslav Epikhin, FGUP VNIIFTRI 
Sergey Slyusarev, FGUP VNIIFTRI 
 
1.5-μm Cavity-Stabilized Laser for Ultra-Stable Microwave Generation ........................................................ 713 
Vladimir Dolgovskiy, Universite de Neuchatel 
Stéphane Schilt, Universite de Neuchatel 
Gianni Di Domenico, Universite de Neuchatel 
Nikola Bucalovic, Universite de Neuchatel 
Christian Schori, Universite de Neuchatel 
Pierre Thomann, Universite de Neuchatel 
 
Optical Coherence in Pulse‐Position‐Modulation Communication for Precision Doppler 
 Tracking and Ranging ........................................................................................................................................ 716 
David Aveline, California Institute of Technology 
William Farr, California Institute of Technology 
Nan Yu, California Institute of Technology 
 
Whispering Gallery Mode Resonators as Optical Reference Cavities ........................................................... 720 
Lukas Baumgartel, California Institute of Technology 
Rob Thompson, California Institute of Technology 
Dmitry Strekolov, California Institute of Technology 
Ivan Gruidinin, California Institute of Technology 
Nan Yu, California Institute of Technology 
 
Residual phase noise evaluation of radio frequency mixers .......................................................................... 724 
Corey Barnes, University of Colorado 
Archita Hati, NIST 
Craig Nelson, NIST 
Dave Howe, NIST 
 
  



xxvii 
 

A Flight-Like Optical Reference for GRACE Follow-on Laser Frequency Stabilization ............................... 729 
William Folkner, California Institute of Technology 
Glenn de Vine, California Institute of Technology 
Stephan Esterhuizen, California Institute of Technology 
William Klipstein, California Institute of Technology 
Kirk McKenzie, California Institute of Technology 
Daniel Shaddock, California Institute of Technology 
Robert Spero, California Institute of Technology 
Robert Thompson, California Institute of Technology 
Danielle Wuchenich, California Institute of Technology 
Nan Yu, California Institute of Technology 
M. Stephens, Ball Aerospace and Technologies Corporation 
J. Leitch, Ball Aerospace and Technologies Corporation 
R. Peirce, Ball Aerospace and Technologies Corporation 
T.T.-Y. Lam, Australian National University 
A. Shaddock, Australian National University 
 
Improvement in Accuracy of a Single 40Ca+ Optical Clock towards 10-15 Level using  
a Magnetic Shield ................................................................................................................................................. 732 
Kensuke Matsubara, National Institute of Information and Communications Technology 
Ying Li, National Institute of Information and Communications Technology 
Shigeo Nagano, National Institute of Information and Communications Technology 
Hiroyuki Ito, National Institute of Information and Communications Technology 
Masatoshi Kajita, National Institute of Information and Communications Technology 
Reiko Kojima, National Institute of Information and Communications Technology 
Yuko Hanado, National Institute of Information and Communications Technology 
Kazuhiro Hyasaka, National Institute of Information and Communications Technology 
Mizuhiko Hosokawa, National Institute of Information and Communications Technology 
 
Design Considerations for a 87Sr Optical Clock at VNIIFTRI ........................................................................... 736 
Sergey Slusarev, VNIIFTRI 
Aleksey Kostin, VNIIFTRI 
Vaycheslav Barychev, VNIIFTRI 
Kseniya Khabarova, VNIIFTRI 
Vitaly Pal’chikov, VNIIFTRI 
 
Low Vibration Sensitivity Fiber Spools for Laser Stabilization ....................................................................... 739 
Tang Li, Shanghai Institute of Optics and Fine Mechanics 
Adil Haboucha, LNE‐SYRTE 
Haifeng Jiang, LNE‐SYRTE 
Jean Laurent Dournaux, GEPI 
Desire Kone, LNE‐SYRTE 
Craig Nelson, National Institute of Standards and Technology 
Archita Hati, National Institute of Standards and Technology 
Andre Clairon, LNE‐SYRTE 
Eric A. Burt, Jet Propulsion Laboratory 
Pierre Lemonde, LNE‐SYRTE 
Giorgio Santarelli, LNE‐SYRTE 
 
Coherent detection of an active mode‐locked terahertz quantum cascade laser ......................................... 742 
Giorgio Santarelli, LNE‐SYRTE 
Stefano Barbieri, MPQ/ Université Paris 7  
M. Ravaro, University of Leeds 
Pierre Gellie, MPQ/ Université Paris 7  
Christophe Manquest, MPQ/ Université Paris 7  
Carlo Sirtori, MPQ/ Université Paris 7  
Suraj Khanna, University of Leeds 
Edmund Linfield, University of Leeds 
Giles Davies, University of Leeds 
 



xxviii 
 

Wednesday, May 4  8:30 a.m. – 10:30 a.m. 
 
Session: Optimized and Tunable MEMS Resonators 
Room: Grand Ballroom C 
Session Chair: Yoonkee Kim, US Army 
 
3.2 GHz AlN Lateral Overmoded Bulk Acoustic Wave Resonators with a f Q of 1.17 x 1013 ........................ 744 
Songbin Gong, University of Pennsylvania 
Nai‐Kuei Kuo, University of Pennsylvania 
Gianluca Piazza, University of Pennsylvania 
 
Tunable Silicon Bulk Acoustic Resonators with Multi‐Face AlN Transduction ............................................ 749 
Roozbeh Tabrizian, Georgia Institute of Technology 
Farrokh Ayazi, Georgia Institute of Technology 
 
Voltage‐Controlled Tuning to Optimize MEMS Resonator Array‐Composite  
Resonator Output Power ..................................................................................................................................... 753 
Mehmet Akgul, University of California at Berkeley 
Zeying Ren, University of California at Berkeley 
Clark Nguyen, University of California at Berkeley 
*Student Paper Competetion Paper 
 
Acoustic Bragg Reflectors for Q‐Enhancement of Unreleased MEMS Resonators ...................................... 759 
Wentao Wang, MIT 
Dana Weinstein, MIT 
 
Tunable Piezoelectric MEMS Resonators for Real‐Time Clock ....................................................................... 765 
Diego Emilio Serrano, Georgia Institute of Technology 
Roozbeh Tabrizian, Georgia Institute of Technology 
Farrokh Ayazi, Georgia Institute of Technology 
*Student Paper Competetion Paper 
 
Linear Acoustic Bandgap Arrays for Spurious Mode Suppression in Piezoelectric  
MEMS Resonators ................................................................................................................................................ 769 
Logan Sorenson, Georgia Institute of Technology 
Jenna Fu, Georgia Institute of Technology 
Farrokh Ayazi, Georgia Institute of Technology 
 
Wednesday, May 4  8:30 a.m. – 10:30 a.m. 
 
Session: Celebrating Kalman Filter 50th Anniversary 
Room: Seacliff Rooms 
Session Chair: Demetrios Matsakis, USNO 
 
Reduced Kalman Filters for Clock Ensembles ................................................................................................. 774 
Charles Greenhall, California Institute of Technology 
 
A Kalman Filter UTC(k) prediction and steering algorithm ............................................................................. 779 
John Davis, National Physical Laboratory 
Setnam Shemar, National Physical Laboratory 
Peter Whibberley, National Physical Laboratory 
 
Synchronizing Computer Clocks using Kalman Filters ................................................................................... 785 
Judah Levine, NIST 
 
Using the Kalman filter to detect time and frequency jumps in atomic clocks ............................................. 791 
Lorenzo Galleani, Politecnico di Torino 
Patrizia Tavella, INRIM 
 
  



xxix 
 

Wednesday, May 4  10:50 a.m. – 12:30 p.m. 
 
Session: Microclocks & Novel Concepts 
Room: Grand Ballroom B 
Session Chair: John Kitching, NIST 
 
Dark Line Resonances in Cs‐Ne microcells for Chip Scale Atomic Clocks .................................................. 794 
Rodolphe Boudot, FEMTO‐ST 
Piotr Dziuban, FEMTO‐ST 
Madoka Hasegawa, FEMTO‐ST 
Ravinder Chutani, FEMTO‐ST 
Serge Galliou, FEMTO‐ST 
Vincent Giordano, FEMTO‐ST 
Christophe Gorecki, FEMTO‐ST 
 
All‐Optical Integrated Rubidium Atomic Clock ................................................................................................. 799 
Lute Maleki, OEwaves Inc 
Anatoliy Savchenkov, OEwaves Inc 
Vladimir Ilchenko, OEwaves Inc 
Wei Liang, OEwaves Inc 
David Seidel, OEwaves Inc 
Andrey Matsko, OEwaves Inc 
Natan Wells, The Aerospace Corp 
James Camparo, The Aerospace Corp 
Bernardo Jaduszliwer, The Aerospace Corp 
 
Low‐power chip‐scale Rubidium Plasma Light Source for Miniature Atomic Clocks .................................. 804 
Vinu Venkatraman, École Polytechnique Fédérale de Lausanne 
Yves Pétremand, École Polytechnique Fédérale de Lausanne 
Christoph Affolderbach, University of Neuchâtel 
Gaetano Mileti, University of Neuchâtel 
Nico de Rooij, École Polytechnique Fédérale de Lausanne 
Herbert Shea, École Polytechnique Fédérale de Lausanne 
*Student Paper Competetion Paper 
 
MOT Loading Enhancement with Stimulated Light Forces ............................................................................. 808 
Tara Liebisch, NIST 
Eric Blanshan, NIST 
Elizabeth Donley, NIST 
John Kitching, NIST 
 
CPT pump‐probe measurement of the Cs clock transition DC Stark shift .................................................... 811 
Jean‐Luc Robyr, University of Fribourg 
Paul Knowles, University of Fribourg 
Antoine Weis, University of Fribourg 
*Student Paper Competetion Paper 
 
  



xxx 
 

Wednesday, May 4  10:50 a.m. – 12:30 p.m. 
 
Session: Quartz Based Resonators 
Room: Grand Ballroom C 
Session Chair: Ji Wang, Ningbo University 
 
An Efficient AT‐Cut Quartz Crystal Resonator Design Tool for Activity Dip in  
Working Temperature Range .............................................................................................................................. 815 
Shih‐Yung Pao, TXC Corporation 
Qiao‐Qiao Pan, TXC(Ningbo) Corporation 
M.K. Chao, TXC(Ningbo) Corporation 
 
Recent Investigations on BAW Resonators at Cryogenic Temperatures ...................................................... 819 
Maxim Goryachev, FEMTO‐ST  
Serge Galliou, FEMTO‐ST  
Joël Imbaud, FEMTO‐ST  
Roger Bourquin, FEMTO‐ST  
Philippe Abbe, FEMTO‐ST  
 
Nonlinearities for Parametric Pumping of Quartz UHF Oscillators ................................................................ 825 
Randall Kubena, HRL Laboratories 
Yook‐Kong Yong, Rutgers University 
Debbie Kirby, HRL Laboratories 
R.J. Joyce, HRL Laboratories 
 
Collective Fabrication of 20 MHz Resonators by Deep Reactive Ion Etching on 3" Quartz Wafers ........... 832 
Jean‐Jacques Boy, FEMTO‐ST 
Herve Tavernier, FEMTO‐ST 
Xavier Vacheret, FEMTO‐ST 
Alexandre Clairet, FEMTO‐ST 
Thierry Laroche, FEMTO‐ST 
 
Quartz Crystal Industry of China in the Crossroads ........................................................................................ 837 
Ji Wang, Ningbo University 
Liansheng Jiang, Piezoelectric Crystal Association of China 
Min‐Chiang Chao, TXC (Ningbo) Corporation 
Xuming Chi, Zhejiang East Crystal Electronic Co., Ltd. 
Jianwei Hu, Ningbo Hiking Electronics Tech. Co., Ltd. 
Zhuzhi Ye, Timemaker Crystal Technology Co., Ltd. 
Lihu Pan, 203 Institute of the Second Academy 
Weiqiu Chen, Zhejiang University 
 
Wednesday, May 4  10:50 a.m. – 12:30 p.m. 
 
Session: Algorithms for Clock and Time Scale Estimations 
Room: Seacliff Rooms 
Session Chair: Ilaria Sesia, INRIM 
 
Straightforward estimations of GNSS on‐board clocks ................................................................................... 841 
Jerome Delporte, CNES 
Cyrille Boulanger, CNES 
Flavien Mercier, CNES 
 
Statistical biases and very long term time stability analysis .......................................................................... 845 
Francois Vernotte, University of Franche‐Comte 
Eric Lantz, University of Franche‐Comte 
 
  



xxxi 
 

A new prediction algorithm for EAL ................................................................................................................... 850 
Gianna Panfilo, International Bureau for Weights and Measures 
Aurelie Harmegnies, International Bureau for Weights and Measures 
Laurent Tisserand, International Bureau for Weights and Measures 
 
Performance Comparison of Composite Clock Algorithms Based on Future  
GPS Clock Scenarios ........................................................................................................................................... 856 
Matthias Suess, DLR 
Demetrios Matsakis, USNO 
 
Wednesday, May 4  1:50 p.m.-3:50 p.m. 
 
Session: Lattice Clocks II 
Room: Grand Ballroom B 
Session Chair: Ekkehard Peik, PTB 
 
INVITED: Suppression of collisional frequency shifts in an optical lattice clock  ........................................ 862 
Matthew Swallows, NIST 
Michael Bishof, NIST 
Yige Lin, NIST 
Sebastian Blatt, NIST 
Michael Martin, NIST 
Ana Maria Rey, NIST 
Jun Ye, NIST 
 
Evidence of a fermionic collisional shift ........................................................................................................... 863 
Wilfried Maineult, LNE‐SYRTE  
Christian Deutsch, Laboratoire Kassler Brossel  
Jakob Reichel, Laboratoire Kassler Brossel  
Kurt Gibble, The Pennsylvania State University 
Peter Rosenbusch, LNE‐SYRTE  
 
Wednesday, May 4  1:50 p.m.-3:50 p.m. 
 
Session: Physical Sensors 
Room: Grand Ballroom C 
Session Chair: Don Malocha, University of Central Florida 
 
Ultrasonic Microparticle Trapping by Multi‐Foci Fresnel Lens ....................................................................... 864 
Youngki Choe, University of Southern California 
Jonathan Kim, Palos Verdes Peninsular High School 
Koping Kirk Shung, University of Southern California 
Eun Sok Kim, University of Southern California 
 
Ex Vivo Monitoring of Rat Heart Wall Motion Using Piezoelectric Cantilevers ............................................. 868 
Rui Zhang, Case Western Reserve University 
Wen Ko, Case Western Reserve University 
Xin Yu, Case Western Reserve University 
David Rosenbaum, Case Western Reserve University 
Philip Feng, Case Western Reserve University 
 
Influence of non‐ideal clamping in microcantilever resonant frequency estimation ................................... 874 
Ludivine Fadel‐Taris, Université de Bordeaux 
Cédric Ayela, Université de Bordeaux 
Fabien Josse, Marquette University Milwaukee 
Stephen. M Heinrich, Marquette University Milwaukee 
Oliver Brand, Georgia Institute of Technology Atlanta 
Daysuke Saya, CNRS, LAAS Laboratory 
Isabelle Dufour, Université de Bordeaux 
 



xxxii 
 

Wednesday, May 4  1:50 p.m.-3:50 p.m. 
 
Session: Acoustic Oscillators and Micromechanical Resonators 
Room: Seacliff Rooms 
Session Chair: Michael Driscoll, Northrop Grumman 
 
RF oscillators stabilized by temperature compensated HBARs based on  
LiNbO3/Quartz Combination ................................................................................................................................ 879 
Thomas Baron, FEMTO‐ST 
Gilles Martin, FEMTO‐ST 
Eric Lebrasseur, FEMTO‐ST 
Dorian Gachon, Université de Perpignan Via Domitia 
Pierre‐Patrick Lassagne, CEA‐LETI 
Alexandre Reinhardt, CEA‐LETI 
Luc Chommeloux, TEMIS Innovation 
Sylvain Ballandras, FEMTO‐ST 
 
Passive Tuning in Lateral‐Mode Thin‐Film Piezoelectric Oscillators ............................................................. 883 
Mohsen Shahmohammadi, Oklahoma State University 
Derya Dikbas, Oklahoma State University 
Brandon Harrington, Oklahoma State University 
Reza Abdolvand, Oklahoma State University 
*Student Paper Competetion Paper 
 
High Frequency Dual‐Mode Thermal‐Piezoresistive Oscillators .................................................................... 888 
Amir Rahafrooz, University of Denver 
Siavash Pourkamali, University of Denver 
 
Wafer‐scale packaging for FBAR‐based Oscillators ........................................................................................ 892 
Martha Small, Avago Technologies 
Richard Ruby, Avago Technologies 
Steven Ortiz, Avago Technologies 
Reed Parker, Avago Technologies 
Fan Zhang, University of Washington 
Jianlei Shi, University of Washington 
Brian Otis, University of Washington 
 
Low Phase Noise Quartz BAW Oscillator for Space Applications .................................................................. 896 
T. McClelland, Frequency Electronics, Inc. 
J. Zacharski, Frequency Electronics, Inc. 
C. Szekely, Frequency Electronics, Inc.  
E. Mauskop, Frequency Electronics, Inc. 
D. Bogomolov, Frequency Electronics, Inc. 
 
  



xxxiii 
 

Wednesday, May 4  4:10 p.m.-6:10 p.m. 
 
Session: Space Clocks & Novel Oscillators 
Room: Grand Ballroom B 
Session Chair: Louis Marmet, NRC Canada 
 
Study of Fe3+‐Sapphire Maser Above 4 K .......................................................................................................... 901 
Karim Benmessai, University of Western Australia 
Daniel Lloyd Creedon, University of Western Australia 
Jean‐Michel Le‐Floch, University of Western Australia 
Michael Edmund Tobar, University of Western Australia 
Mohamad Mrad, FEMTO‐ST 
Pierre‐Yves Bourgeois, FEMTO‐ST 
Yann Kersale, FEMTO‐ST 
Vincent Giordano, FEMTO‐ST 
 
Space Mini Passive Hydrogen Maser ‐ a Compact Passive Hydrogen Maser for Space Applications ....... 906 
Marco Belloni, Selex Galileo 
Marina Gioia, Selex Galileo 
Simone Beretta, Selex Galileo 
Fabien Droz, Spectratime 
Pierre Mosset, Spectratime 
Pierre Waller, European Space Agency 
Giovanni Busca, Kytime 
 
Dick effect and cavity pulling on HORACE compact cold atom clock ........................................................... 911 
Nicolas Rossetto, LNE-SYRTE 
F.X. Esnault, NIST 
David Holleville, LNE-SYRTE 
J. Delporte, CNES 
N. Dimarcq, LNE-SYRTE 
 
Photonically generated 10 GHz microwaves with close‐to‐carrier phase noise < ‐100 dBc/Hz .................. 915 
Tara Fortier, NIST  
M.S. Kirchner, NIST 
F. Quinlan, NIST 
J.A.Taylor, NIST 
J.C. Bergquist, NIST 
T. Rosenband, NIST 
N. Lemke, NIST 
A. Ludlow, NIST 
Y. Jiang, NIST 
C.W. Oates, NIST 
S.A. Diddams, NIST 
 
  



xxxiv 
 

Wednesday, May 4  4:10 p.m.-6:10 p.m. 
 
Session: Mass Sensors 
Room: Grand Ballroom C 
Session Chair: Leo Reindl, University of Freibourg 
 
High Frequency Thermal‐Piezoresistive MEMS Resonators for Detection of Organic Gases .................... 917 
Arash Hajjam, University of Denver 
Andrew Logan, University of Denver 
Jagadeesh Pandiyan, University of Denver 
Siavash Pourkamali, University of Denver 
 
Receptor‐Coated Porous Silicon Resonators for Enhanced Sensitivity of Vapor Detection....................... 922 
Yongha Hwang, University of California, Los Angeles 
Sungmin Kim, University of California, Los Angeles 
Rob Candler, University of California, Los Angeles 
 
Effect of a mass layer on SH Waves in Piezomagnetic/Piezoelectric Material Structures ........................... 926 
Jing Cui, Ningbo University 
Jianke Du, Ningbo University 
Ji Wang, Ningbo University 
 
Wednesday, May 4  4:10 p.m.-6:10 p.m. 
 
Session: Optical Fiber Time and Frequency Transfer 
Room: Seacliff Rooms 
Session Chair: Jan Johansson, SP 
 
Progress on an Optical Link for Ultra‐Stable Frequency Dissemination using a  
Public Telecommunication Network .................................................................................................................. 930 
Olivier Lopez, Laboratoire de Physique des Lasers 
Adil Haboucha, LNE‐SYRTE 
Bruno Chanteau, Laboratoire de Physique des Lasers 
Vincent Roncin, Laboratoire de Physique des Lasers 
Christian Chardonnet, Laboratoire de Physique des Lasers 
Anne Amy‐Klein, Laboratoire de Physique des Lasers 
Giorgio Santarelli, LNE‐SYRTE 
 
Active Detection of Propagation Delay Variations in Single Way Time Transfer  
Utilizing Dual Wavelengths in an Optical Fiber Network ................................................................................. 933 
Sven‐Christian Ebenhag, SP Technical Research Institute of Sweden 
Per Olof Hedekvist, SP Technical Research Institute of Sweden 
Kenneth Jaldehag, SP Technical Research Institute of Sweden 
 
One‐Way Temperature Compensated Fiber Link .............................................................................................. 939 
James Hanssen, US Naval Observatory 
Scott Crane, US Naval Observatory 
Christopher Ekstrom, US Naval Observatory 
 
Thursday, May 5  8:30 a.m.-10:30 a.m. 
 
Session: Vapor Cell Clocks 
Room: Grand Ballroom B 
Session Chair: Svenja Knappe, NIST 
 
A compact laser‐pumped Rb clock with < 5x10‐13 ԏ‐1/2 frequency stability ..................................................... 944 
Christoph Affolderbach, University of Neuchatel 
Florian Gruet, University of Neuchatel 
Renaud Matthey, University of Neuchatel 
Gaetano Mileti, University of Neuchatel 



xxxv 
 

 
Pulsed Optically Pumped Rb Clock with High Frequency Stability Performances ...................................... 947 
Salvatore Micalizio, INRIM 
Aldo Godone, INRIM 
Claudio Calosso, INRIM 
Filippo Levi, INRIM 
Florian Gruet, Laboratoire Temps Fréquence 
Christoph Affolderbach, Laboratoire Temps Fréquence 
 
The Influence of Laser Polarization Noise on CPT Atomic Clock Signals ..................................................... 951 
James Camparo, The Aerospace Corporation 
Michael Huang, The Aerospace Corporation 
 
Thursday, May 5  8:30 a.m.-10:30 a.m.  
 
Session: Filters 
Room: Grand Ballroom C 
Session Chair: Rick Puccio, Quartzdyne 
 
INVITED: Positioning FBAR Technology in the Frequency and Timing Domain .......................................... 955 
Rich Ruby, Wireless Semiconductor Division 
 
INVITED: Tunable RF SAW/BAW Filters: Dream or Reality?  .......................................................................... 965 
Ken‐Ya Hashimoto, Chiba University 
Shuji Tanaka, Tohoku University 
Masayoshi Esashi, Tohoku University 
 
Cascaded Channel‐Select Filter Array Architecture Using High‐K Transducers for  
Spectrum Analysis ............................................................................................................................................... 973 
Eugene Hwang, Cornell University 
Ronald Polcawich, U.S. Army Research Laboratory 
Tanay Gosavi, Cornell University 
Jeffrey Pulskamp, U.S. Army Research Laboratory 
Sunil Bhave, Cornell University 
Sarah Bedair, U.S. Army Research Laboratory 
 
Laterally Coupled Narrow‐Band High Overtone Bulk Wave Filters Using Thinned  
Single Crystal Lithium Niobate Layers .............................................................................................................. 979 
Dorian Gachon, PROMES 
Thomas Baron, FEMTO‐ST 
Gilles Martin, FEMTO‐ST 
Eric Lebrasseur, FEMTO‐ST 
Emilie Courjon, FEMTO‐ST 
Florent Bassignot, FEMTO‐ST 
Sylvain Ballandras, FEMTO‐ST 
  
  



xxxvi 
 

Thursday, May 5  8:30 a.m.-10:30 a.m.  
 
Session: Optical Oscillators & Components 
Room: Seacliff Rooms 
Session Chair: Michael Tobar, University of Western Australia 
 
Experimental Demonstration of Phase‐Modulated Optoelectronic Oscillator Using  
Balance Detection ................................................................................................................................................ 984 
Patrick Callahan, Johns Hopkins University Applied Physics Laboratory 
Michael Dennis, Johns Hopkins University Applied Physics Laboratory 
Thomas Clark, Johns Hopkins University Applied Physics Laboratory 
 
Characterization of Surface Acoustic Wave Optomechanical Oscillators ..................................................... 988 
Gaurav Bahl, University of Michigan 
John Zehnpfennig, University of Michigan 
Matthew Tomes, University of Michigan 
Tal Carmon, University of Michigan 
 
New strategies for fiber‐based femtosecond lasers low‐noise microwave generation ................................ 992 
Wei Zhang, LNE-SYRTE 
Adil Haboucha, LNE-SYRTE 
Tang Li, LNE-SYRTE 
Andre Luiten, University of Western Australia 
Ronald Holzwarth, MenloSystems GmbH 
Michel Lours, LNE-SYRTE 
Yann Le Coq, LNE-SYRTE 
Giorgio Santarelli, LNE-SYRTE 
S. Seidelin, Universite Joseph Fourier 
 
Optical Scattering Induced Noise in RF‐Photonic Systems ............................................................................ 994 
Olukayode Okusaga, U.S. Army Research Laboratory 
James Cahill, University of Maryland Baltimore County 
Andrew Docherty, University of Maryland Baltimore County 
Weimin Zhou, U.S. Army Research Laboratory 
Gary Carter, University of Maryland Baltimore County 
Curtis Menyuk, University of Maryland Baltimore County 
 
Theoretical Investigation of Optical Fiber‐Length‐Dependent Phase Noise in  
Opto‐Electronic Oscillators ............................................................................................................................... 1000 
Andrew Docherty, University of Maryland Baltimore County 
Olukayode Okusaga, U.S. Army Research Laboratory 
Curtis Menyuk, University of Maryland Baltimore County 
Weimin Zhou, U.S. Army Research Laboratory 
Gary Carter, University of Maryland Baltimore County 
 
Generation of Kerr Combs in MgF2 and CaF2 Microresonators .................................................................... 1006 
Wei Liang, OEwaves Inc 
Lute Maleki, OEwaves Inc 
Vladimir Ilchenko, OEwaves Inc 
Anatoliy Savchenkov, OEwaves Inc 
David Seidel, OEwaves Inc 
Andrey Matsko, OEwaves Inc 
 
  



xxxvii 
 

Thursday, May 5  10:50 a.m.-12:50 p.m. 
 
Session: Fundamental Measurement & Sensors 
Room: Grand Ballroom B 
Session Chair: Giorgio Santarelli, LNE-SYTRE 
 
Testing the gravitational redshift with atomic clocks and atomic gravimeters?  ....................................... 1012 
Peter Wolf, LNE-SYTRE 
Luc Blanchet, GRECO 
Christian J. Bordé, LNE‐SYRTE 
Serge Reynaud, LKB 
Christophe Salomon, LKB 
Claude Cohen‐Tannoudji, LKB 
 
Continous g monitoring with atom interferometry ......................................................................................... 1017 
Sébastien Merlet, LNE‐SYRTE 
Tristan Farah, LNE‐SYRTE 
Anne Louchet‐Chauvet, LNE-SYRTE 
Arnaud Landragin, LNE‐SYRTE 
Franck Pereira Dos Santos, LNE‐SYRTE 
Andre Clarion, LNE-SYRTE 
 
Thursday, May 5  10:50 a.m.-12:50 p.m. 
 
Session: Materials 
Room: Grand Ballroom C 
Session Chair: Bernard Dulmet, ENS2M 
 
INVITED: GaN: a multifunctional material enabling MEMS resonators based on a 
mplified piezoelectric detection ....................................................................................................................... 1021 
Marc Faucher, IEMN 
Achraf Ben Amar, IEMN 
Bertrand Grimbert, IEMN 
Virginie Brandli, IEMN 
Yvon Cordier, CRHEA 
Fabrice Semond, MC2‐technologies 
Matthieu Werquin, MC2‐technologies 
Lionel Buchaillot, IEMN 
Christophe Gaquière, IEMN 
Didier Theron, IEMN 
 
Hot Filament CVD Conductive Microcrystalline Diamond for High Q, High Acoustic  
Velocity Micromechanical Resonators ............................................................................................................ 1026 
Mehmet Akgul, University of California at Berkeley 
Robert Schneider, University of California at Berkeley 
Victor Yeh, University of California at Berkeley 
Gerry Chandler, sp3 Inc. 
Zeying Ren, University of California at Berkeley 
Clark Nguyen, University of California at Berkeley 
 
Very Low‐Loss High Frequency Lateral‐Mode Resonators on Polished  
Ultrananocrystalline Diamond .......................................................................................................................... 1032 
Hediyeh Fatemi, Oklahoma State University 
Hongjun Zeng, Advanced Diamond Technologies Inc. 
John Carlisle, Advanced Diamond Technologies Inc. 
Reza Abdolvand, Oklahoma State University 
 
  



xxxviii 
 

LiNbO3 thin single crystal layer for RF applications ...................................................................................... 1037 
Bruno Imbert, CEA‐LETI 
Alexandre Reinhardt, CEA‐LETI 
Thibault Ricart, CEA‐LETI 
Christophe Billard, CEA‐LETI 
Mathieu Pijolat, CEA‐LETI 
Emmanuel Defay, CEA‐LETI 
E. Augendre, CEA-LETI 
Thomas Signamarcheix, CEA‐LETI 
Chrystel Deguet, CEA‐LETI 
 
Thursday, May 5  10:50 a.m.-12:50 p.m. 
 
Session: GPS Carrier Phase Time Comparison and Calibration 
Room: Seacliff Rooms 
Session Chair: Pascale Defraigne, ORB 
 
The time stability of PPP links for TAI ............................................................................................................. 1041 
Gérard Petit, Bureau International des Poids et Mesures 
Aurélie Harmegnies, Bureau International des Poids et Mesures 
Flavien Mercier, Centre National d’Etudes Spatiales 
Feliz Perosanz, Centre National d’Etudes Spatiales 
Sylvain Loyer, CLS 
 
Precision and Accuracy of USNO GPS Carrier Phase Time Transfer: Further Studies ............................. 1046 
Christine Hackman, United States Naval Observatory 
Demetrios Matsakis, United States Naval Observatory 
 
PPP Using NRCan Ultra Rapid products (EMU): near real‐time comparison  
and monitoring of time scales generated in Time and Frequency laboratories .......................................... 1052 
Giancarlo Cerretto, INRIM  
François Lahaye, Natural Resources Canada  
Yves Mireault, Natural Resources Canada 
Patrizia Tavella, INRIM  
 
Absolute Calibration of GNSS Time Transfer Systems : NRL and CNES Techniques Comparison ......... 1058 
Amandine Proia, CNES 
Joe White, Naval Research Laboratory 
David Wilson, Naval Research Laboratory 
Ken Senior, Naval Research Laboratory 
Gilles Cibiel, CNES 
*Student Paper Competetion Paper 
 
BIPM Calibration Scheme for UTC Time Links ............................................................................................... 1064 
Zhiheng Jiang, Bureau International des Poids et Mesures  
Gerard Petit, Bureau International des Poids et Mesures  
Felicitas Arias, Bureau International des Poids et Mesures  
Wlodzimierz Lewandowski, Bureau International des Poids et Mesures  
  



xxxix 
 

Coordinating GPS Calibrations Among NIST, NRL, USNO, PTB, and OP .................................................... 1070 
Marc Weiss, NIST 
Victor Zhang, NIST 
Ken Senior, Naval Research Laboratory 
Joe White, Naval Research Laboratory 
Demetrios Matsakis, US Naval Observatory 
S. Mitchell, US Naval Obersvatory 
Pierre Uhrich, Observatoire de Paris 
David Valat, Observatoire de Paris 
Wlodek Lewandowski, BIPM 
G. Petit, BIPM 
Andreas Bauch, Physikalisch-Technische Bundesanstalt 
Thorsten Feldmann, Physikalisch-Technische Bundesanstalt 
A. Proia, BIPM 
 
 
AUTHOR INDEX
 




