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Design of an adaptive coherent clock source with low phase noise
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Abstract: By the circuit of Phase-Locked Loop(PLL), the external system clock with high frequency
accuracy but poor phase noise is converted into an internal clock signal with high frequency accuracy and
low phase noise simultaneously. The internal clock source is coherent with the external source by the PLL
as well. The effect of the PLL loop bandwidth on the phase noise of the output signal is analyzed
emphatically through both simulations and measurements. Test results show that, at 100 Hz of loop
bandwidth, the phase noise of the PLL output signal basically equals to that of the internal oscillator at 1 kHz
away from the carrier. While at 500 Hz of loop bandwidth, the phase noise of the PLL output signal is
decreased by 8 dB at the same place, compared to the internal oscillator phase noise, due to being affected
by the loop filter. The phase noise of the proposed 100 MHz clock source is better than —147 dBe/Hz@1 kHz,
which is improved by 12 dB than that of the external reference clock signal, and the frequency accuracy
can reach up to 1x107°.
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Fig.2 Block diagram of the adaptive coherent clock source with low phase noise
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Tablel Impact of the loop bandwidth (BW) on the output signal phase noise

loop BW=100 Hz loop BW =250 Hz loop BW =500 Hz
f PNouipu/(dBe-HZ ™) PNyco /(dBc-Hz™) F PNoupu/(dBeHZ") PNy /(dBeHZ ™) f PNoypu/(dBeHZ")  PNyco /(dBc-Hz ™)
100 Hz -117.0 -127.3 100 Hz -114.8 -129.5 100 Hz -114.8 -132.7
1.00 kHz -148.5 -149.9 1.00 kHz —-145.3 -149.7 1.00 kHz -141.5 -149.5
10.0 kHz -159.6 -159.6 10.0 kHz -159.6 -159.6 10.0 kHz -159.6 -159.6
100 kHz -160.0 -160.0 100 kHz -160.0 -160.0 100 kHz -160.0 -160.0

1.0 MHz —160.0 —160.0 1.0 MHz —160.0 —160.0 1.0 MHz —160.0 —160.0
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ig.4 Measurement results of the clock
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Fig.5 Measurement results of the clock source
phase noise (loop BW=100 Hz)
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Fig.6 Measurement results of the clock source
phase noise (loop BW=250 Hz)
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Fig.7 Measurement results of the clock source
phase noise (loop BW=500 Hz)

7 W 5E=500 Hz AF, AHERIEAHINL
Mg 7

M S VO B AL B, A I R A TR IR R U AR A, AN ALSE B T e RS R ORI
P it , FIROL 2 T NN R GRS EOR . TR 20T UM PR L % b B R B D AR p B, U HOR PR K
AORERE . O ECRIINRAE SRR, Y ERERAT 90 100 Hz I, B P14 145 5 76 0 25 208 1 kHz 4b i R A7 18 7 A
HIBARER N B A IR a8 2, 52 B G T0C,  [RI UL As 2x DA Sy B0 3 A 52 0 1 8 AL

SEH

[1]

[2]

[31]

[4]

[5]
[6]

[71]

TH KR S MR . WA M), JE Rt T Tl R, 2013, (DING Lufei,GENG Fulu,CHEN Jianchun. Radar
Principls[M]. Beijing:Publishing House of Electronics Industry, 2013.)

T B E . AR R R A EOR M), JE BT T Ok BREL, 2006. (ZHANG Guangyi,ZHAO Yujie. The Technology
of Phased Array Radar[M]. Beijing:Publishing House of Electronics Industry, 2006.)

245 HZ2EBS5EMSEENZR 0] PUCE FH AR, 2010,14(3):17-19. (YE Haoru. Coherent radar and
non-coherent radar difference analysis[J]. Modern Electronic Technique, 2010,14(3):17-19.)

ORI, 2R A 2 AR S AT B T LR RE M M), A A LR R A (A AR BRI, 2013,14(3):37-
41. (WANG Qiang,ZHANG Yongshun,LI Xin,et al. Anti-main-lobe jamming capability analysis of multi-static coherent
radar[]J]. Journal Of Air Force Engineering University(Natural Science Edition), 2013,14(3):37-41.)

SKOLNIK Merrill Ivan. Introduction to Radar System[M]. New York:McGraw-Hill, 1980.

ML BRI R IEF 5. BT GPS MR R MARMURAME R R M 5L AI]. B F I TR, 2013,21(8):91-94.
(ZHANG Fan,CHEN Kun,ZHU Zhengping.et al. Design and realization of frequency calibration system for OCXO based
on GPS[J]. Electronic Design Engineering, 2013,21(8):91-94.)

WEZ YRR, T GPS JIMRBA M R R LE )], Bt T, 2010,18(4):63-65. (XU Guohong,LI
Tiecheng, LI Xing. Design of high stability frequency synthesizer based on GPS tame technology|[J]. Electronic Design
Engineering, 2010,18(4):63-65.)



55 FEEEME: —f B EMRBEALRESESNSHIRNET 757

[8] Fb=s Ml A InE 45, & SR IE TR 581 (M), db st 88 Tl ikk, 2008. (GAO Shuting,GAO Feng,XU
Shengwang,et al. The Design and Analysis of Synthesized Frequency Source[M]. Beijing:Arms Industry of Publishment,
2008.)

[91 HEZE. (RIS FRA KM, P62 78 % 38 K 2# kL, 1995, (BAI Juxian. Low Noise Frequency Synthesizer[M].
Xi'an,China:Xi'an Jiaotong University Press, 1995.)

[10] 2= PRk, 4 P . BIURH B A A2 MR 7 5 B0 8% 98 1 OC &R 0 A (0], BRAR L P8R, 2009,32(14):132-134. (LI Zhonggiu,
ZENG Quansheng. Relationship analysis between PLL phase noise and PLL bandwidth[J]. Modern Electronic Technique,
2009,32(14):132-134.)

[11] ZR3EMr 28 XUk 7 .55, Ka P BCA A28 I BOUR SER0HET i 22 SRR BRI ()], 5 BHBOR 7244k, 2009,38(5):629-
633. (CAI Jingye,XIA Rong,LIU Lianfu,et al. Development of transceiver RF front-part system module for Ka-band
coherent radar[J]. Journal of University of Electronic Science and Technology of China, 2009,38(5):629-633.)

EE® I

BB (1977-), FB, =MW A, #it, T RHMEBE(1985-), 5, WA KT A,
R, EEEAFGEJT I0 Ch AA B T TR email: Wi, TRRUE, SRR O I AR A A K
284608529@qq.com. FHIE ™ 5

(EH5S 728 1)

[17] SEVERIN J,EBERHARDT E,LEONI L,et al. Use of ground—based synthetic aperture radar to investigate the complex 3-D
kinematics of a large open pit slope[J]. Bulletin of the School of Oriental & African Studies, 2012,7(4):799-808.

[18] TRAGLIA F D,VENTISETTE C D,ROSI M,et al. Ground based InSAR reveals conduit pressurization pulses at Stromboli
volcano[J]. Terra Nova, 2013,25(3):192-198.

[19] PIERACCINI M,NOFERINI L, MECATTI D,et al. Integration of radar interferometry and laser scanning for remote monitoring
of an urban site built on a sliding slope[J]. IEEE Trans. Geosci. & Remote Sensing, 2006,44(9):2335-2342.

[20] PIPIA L,FABREGAS X,AGUASCA A,et al. Polarimetric temporal analysis of urban environments with a ground-based SAR[J].
IEEE Trans. Geosci. & Remote Sensing, 2013,51(4):2343-2360.

[21] LUZI G,PIERACCINI M,MECATTI D,et al. Monitoring of an alpine glacier by means of ground-based SAR interferometry[]J].
IEEE. Geosci. & Remote Sens. Letters, 2007,4(3):495-499.

[22] STROZZI T,WERNER C,WIESMANN A_et al. Topography mapping with a portable real-aperture radar interferometer[J].
IEEE Geosci. & Remote Sens. Lett., 2012,9(2):277-281.

[23] MORRISON K,ROTT H,NAGLER T,et al. The SARALPS-2007 measurement campaign on X and Ku band backscatter of
snow[C]// Proc. IGARSS 2007. [S.I.]:IEEE, 2007:1207-1210.

[24] MARTINEZ-VAZQUEZ A. Snow cover monitoring techniques with GB-SAR[M]. Spain:Universitat Polit & cnica de Catalunya.

2008.
EE BT
2R E(1990-), L, WPEH KRETT A, 1 EOBA1974-), F, ETA, BIH,
BRSP4 AL G BRSETEE MIMO ik . FOD ik,
ik T A A R AR R A ER email: ‘
1043570861@qq.com. EFEN@1962-), 5, WEAEHETA, H

B, WS, WS o T IA R S AR B
AT IR G

#® OBH1990-), B, AEEELTA, TS
A, BESETT 1) R AR £ BT L B AR R A



