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Research on new frequency corrector based on dynamic linear phase processing
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Abstract: In view of the fact that it is difficult for the existing frequency corrector to correct the two signals whose frequencies have a
small frequency difference and changes dynamically over time, a high-precision dynamic frequency correction technology is proposed, to
achieve the measurement and control of the phase difference between two different frequency signals that change over time and achieve a
small frequency correction of the order of 107>, The design mainly uses the ADC as a digital phase detector function to sample a large
amount of effective data in the linear region using the edge effect. The FPGA and the microcontroller preprocess and store the data. The
VC-0CXO corrects the frequency according to the voltage-controlled voltage provided by the single-chip microcomputer after the data is
stored and preprocessed. The final experimental results show that the new frequency corrector has the characteristics of low noise, high
resolution, high conversion efficiency, high stability, and high adjustability.
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Fig. 1 Variation of phase difference
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Fig.3 Functional block diagram of frequency corrector
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Fig. 4 Experimental block diagram
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Table 1 Experimental data of frequency stability test

SKARERTE] /s R EE /o
1 7.165 4x107"
2 3.857 8x107"
4 2.964 5%107"2
8 1.936 9x107™"2
16 1.746 6x107"2
32 1.523 2x107"
64 9.614 5x107"

128 7.851 4x107"
256 7.539 8x107"
512 3.587 4x107"
1024 1.975 8x107"




55 3 1]

HeT B AR AL R BT BT AR R AR5 - 185 -

10" ¢

102

Rie 7 2

10° IIO' 162 16‘ 164
SPIITIE)/s
S BRI R A 2

Fig.5 Frequency correction characteristic stability curve
3 & 8

L8 LR  AERCF AT ST AR IR A T LA s
BRADNHEL T A YR 22 | ST I AR, KT Al
T IAMRE  SCBEIRGE  JF B RA R SR
WARBE ML ], 207 58 T SOE PSR, (A L
ANIRZE RS o AR ST HG A0 22 O AR 5 ORI
PR TS AR R 1o 4 AR A i AR5 B AR 2 A A R S B
THRBIRTE R, X — RS2 FR G
BUHIMEARIE SRR . IR 5 AL AR 19 70 B R OK
A X AR AE mHz H 2 wHz 4%,
DAL I 5 T8 A BORBE T o ASSCHY AL BT ik n] UAD
FEGE I T TS A AU 22 BOE J7 A — & 19 5 % RS
e

S Sk
[ 1] MOSHKIN I A, NIKOLAEV A N, NIKITIN N S.

Assessing the impact of analog-to-digital converter
resolution on the phase difference measurement error in a
digital receiver [ C ]. IEEE Dynamics of Systems,
Mechanisms and Machines ( Dynamics) ,2018.
AL-ASHWAL W A. Low phase noise frequency synthesis
for ultrastable X -band oscillators [ J ] TIEEE Microwave
and Wireless Components Letters,2017,27(4) :392-394.
TR TS R, 55, BT FFT o IFFT (s
BARBL2EA I I [ 1], d 70 & 524k, 2019,
33(5) .180-186.

XUCY, HU Z J, YANG Y R, et al. Ultrasonic phase
difference detection method based on FFT and IFFT[J].
Journal of Electronic Measurement and Instrument,2019,
33(5) .180-186.

FUNE S, XUTEAR 65 1 82, 5. RhIAHR 5 d ki th RS 2%
PRBUELORT]. B RHER R 540, 2019,48 (1)

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

(12]

58-61.

BAI L N, LIU H D, GE X X, et al. Precision frequency
correction technology for crystal oscillator output [ J ].
of [Electronic Science and

Journal of University

Technology of China,2019,48(1) .58-61.
JEN —, R, TR, S OB T AR 2 A 25 0
ARLIT. P4 % W 7 BE R % %44z, 2015, 42 (6)

152-157.

QU B Y, ZHANG R, ZHANG X, et al. New precision
time difference measurement technology[ J]. Journal of
Xidian University,2015,42(6) :152-157.

MENG X. A low-noise digital-to-frequency converter
based on injection-locked ring oscillator and rotated phase
selection for fractional-n frequency synthesis [ J] IEEE
Transactions on Very Large Scale Integration ( VLSI)
Systems ,2019,27(6) :1378-1389.

PIVHES, KA 1. I Pl A A IE DG B R B SE [ 1],
TFRZ2EA( ASRARHERR) ,2019,52(2) < 11-15.

SUN Y P, ZHANG F H. Research on key technology of
clock frequency correction[ J]. Journal of Nankai University

(Natural Science Edition) ,2019,52(2) . 11-15.

NEIRE HAl , PR SC A, 45, B T T il A& 3R 3R U 4%
P R 32 RF T o 0 [ ] AR AR SR 4R, 2019,
40(5) :10-18.

BU ZH H, CHANG X Y, CHEN W X, et al. High-
precision time interval measurement based on triggerable
ring oscillator [ J ]. Journal of Instrumentation, 2019,
40(5) :10-18.

FEPRIR BRAR TG, A, 55, —Fhon] 52 3043 2 i 38 1 B
BIGHAE A LT]. 70 &+ K, 2018,41(2).

10-14.

YUAN Q Q, CAI J K, SONG B, et al. A new phase-
locked loop technology that can realize hierarchical
debugging [ J]. Electronic measurement technology,
2018,41(2) :10-14.

X H TR AR KT T 2807 U ER Y B 20
R it [J]. EANE T & $ R, 2018,37(4)
141-146.

LIU R, DONG Q L, ZHU T Y. Design of DC carrier
system based on all digital phase locked loop [ J].
Technology, 2018,

Foreign Electronic Measurement

41(2) :10-14.

BAL'Y P, GAISBAUER D, HUBER S, et al. Intelligent
FPGA data acquisition framework [ J] ITEEE Transactions
on Nuclear Science,2017,64(6) :1219-1224.

4 AR N b I e N L G VAN TR
SEREMEE[T]. P& T RH R 755 42, 2018,45(1)
72-75,122.



- 186 -

SRR e

#35%

[13]

[14]

[15]

[16]

XU L F, LUO D, ZHOU W, et al. A comprehensive
response time frequency stability measurement [ J ].
Journal of Xidian University,2018,45(1) ;72-75,122.
T, G, FARAE, SR B R S AR AL Oy
B[], IR A ,2018,41(7) 1 125-129,134.
WANG CH, LI SH G, XIA ZH H, et al. Precision
frequency and phase adjustment method [ J ]. Modern
Electronic Technology,2018,41(7) :125-129,134.
TRINCHERA B, SERAZIO D, POGLIANO U. A
synchronous phase comparator for characterization of
devices for PMUs calibrator[ J ]. IEEE Transactions on
Instrumentation and Measurement, 2017, 66 ( 6 ).
1139-1145.

POKATILOV A, KUBARSEPP T, VABSON V. Effect of
keysight 3458A jitter on precision of phase difference
measurement| J ]. IEEE Transactions on Instrumentation
and Measurement,2016,65(11) :2595-2600.

TR, XA R WAV, SBUTRARL N 2 0 et 2R G2 (0 1R 25 4
M5 g WF 58 [ 0], W ) B0 24 4, 2018, 41 (3)
206-213.

XU CH, LIU J L, HU Y H. Error analysis and
experiment of dual mixer time difference measurement
system[ J . Journal of Time Frequency,2016,65(11) :
2595-2600.

EE &I

FEECAGEHR),2017 4 T 10 A 2
TREF AT AL, B RAE R A F
G, FEWFFE T 8] R I AL I AR
E-mail :915683067@ qq. com

Wang Jiajing ( Corresponding author )
received her B. Sc. degree from Shandong
University of Technology in 2017. Now she is a M. Sc. at
Changan University. Her main research interest is time frequency
measurement technology.

FEI\—, 2003 4FF P % 7 BHE R #
’_ 4 _, FAG2E L E AL, 2006 4F T P4 FRHE R
TET g WL, 2010 45 T P2 T

- REEFAFE A2 0L, IR K22 K R B
“ BT 5 1] Ay I [ A0 44 0 Ak 5 4 o 4R
R AREATI

E-mail :404182049@ (q. com

Qu Bayi received his B. Sc. degree from Xi’ an University
of Electronic Technology in 2003, M. Sc. degree from Xi’ an
University of Electronic Technology in 2006, and Ph. D. degree
from Xi’” an University of Electronic Technology in 2010. Now he
is associate professor at Changan University. His main research
interests include time frequency measurement and control field

and frequency standard field.



