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Research on laser frequency locking technology
based on temperature and PZT control
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Abstract: Aiming at the application requirement of resonator fiber optic gyroscopes, a frequency tracking and lock-
ing control scheme based on laser temperature and PZT control is proposed in this paper. By taking advantages of
the large range of laser temperature tuning as well as the high precision and high dynamicity of PZT tuning, tracking
of the fiber laser’s central frequency to the fiber ring resonator’s resonance frequency is realized. Typical transmis-
sion resonant curve is simulated by mathematical methods. Hardware design, algorithm simulations of temperature
and PZT control scheme are carried out. The influence of control parameters on tracking stability is analyzed. The
development of laser frequency tracking systems is assembled. The high-precision and long-time tracking of laser’s
central frequency to resonance frequency is realized successfully. The locking precision is low to 4.8x10” over one
hour under room temperature. The locking precision is low to 9.74x107 over 5.5 hours under variable temperature.
This work has laid an important foundation for improving the long-term performance of resonator fiber optic gyros-
copes.

Keywords: resonator fiber optic gyroscope; frequency locking; temperature tuning; PZT control

WFSEHA: 2019-09-08; UWEIMEXFEHIA: 2019-11-18

£EmME: - i

TEE" N (1983-) E-mail 15210985670@163.com
WA ER B ©2020 F ER R HEIHARM TR

190523-1



https://doi.org/10.12086/0ee.2020.190523

Citation: Lei M, Yu HY, Fang Y, et al. Research on laser frequency locking technology based on temperature and
PZT control[J]. Opto-Electronic Engineering, 2020, 47(9): 190523

3l
PZT
(Resonator fiber optic gyro RFOG)
Sagnac
(1-3] RFOG
1 °/s
1 kHz
MHz 2 ARGt 5ERHE
GHz/C RFOG L
21 BHBEREM
1
" FL 1SO
16 7] P PM
(8] C1 (fiber ring
resonator, FRR)
C2 C2
(PZT) PD
DSP PM
FL
PZT PZT FL
FRR
P7T FRR
1
FRR [91
Kol 2
RFOG I= e |E0| , (1)
PZT 1-2(1- K)\/Z\/oc_lcos(wof) +(1-x) o0,
PZT Eo K, Q. C1l/C2
o FRR [
C1 . C2
Temperature 1SO P oM
PZT FL 1>y
.
Modulation
DSP
PD
A1 AFREEABSHREYTRATER

Fig. 1

Diagram of the frequency locking system for fiber lasers
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Table 1 Frequency tuning parameters of fiber laser

Parameter name Index
PZT tuning voltage range/V -12~12
PZT tuning ratio/(MHz/V) 16.3
PZT tuning bandwidth/kHz 20
Temperature tuning range/C 15~50
Temperature tuning ratio/(MHz/C) -1.63x10°
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Fig. 3 Simulation model based on temperature and PZT control
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Overview: Resonator fiber-optic gyro (RFOG) is a high-accuracy inertial rotation sensor based on the Sagnac effect,
which can achieve tactical applications by using tens of meters or even a few meters of optical fibers. RFOG has attracted
much attention for broad application prospects in high precision, miniaturization, and ultra-stability, and it could ena-
ble a new generation of optical inertial sensors. The central frequency of the laser to track the resonance frequency of the
fiber ring resonator (FRR) is indispensable for a high-performance RFOG. However, the drift of the resonance frequen-
cy arising from FRR temperature fluctuation must be eliminated to maintain tracking accuracy, which is achieved by
resonant frequency servo loop. In order to improve the frequency servo loop, PI controller, double integral term com-
bined with traditional PI controllers, a multilevel laser frequency lock-in technique is proposed to improve the tracking
accuracy. Several frequency locking schemes, based on the acousto-optic frequency shifter (AOFS) and piezoelectric
(PZT) cylinder, are proposed to solve the frequency lock-in problems in RFOG. The studies mentioned above are aimed
at the tracking accuracy. Actually, the tracking range is also important for RFOG. For example, resonance frequency of
the FRR is greatly affected by ambient temperature. Typical temperature coefficient of FRR is up to ~GHz/°C. However,
the temperature tuning response of the laser is too slow to satisfy the rapid change of the resonance frequency. For this
reason, the PZT is used to realize the fast frequency tuning because of the high bandwidth, which can meet the need of
fast frequency tuning. The laser temperature tuning ratio can up to ~GHz/°C to satisfy the requirement of high band-
width.

Aiming at the application requirement of resonator RFOG, a frequency tracking and locking control scheme based on
laser temperature and PZT control is proposed in this paper. By taking advantages of the large range of laser tempera-
ture tuning as well as the high precision and high dynamicity of PZT tuning, the resonator frequency of the resonator
cavity is realized by the central frequency of the fiber laser. Transmission resonator signal is simulated by mathematical
methods. Hardware design and algorithm simulations of temperature and PZT control scheme are carried out. The in-
fluence of control parameters on locking stability in frequency tracking is analyzed. The development of laser frequency
locking systems is assembled. The high-precision and long-time tracking of laser central frequency to resonator fre-
quency of resonator cavity is realized, successful. The locking precision of frequency tracking is as low as 4.8x10” over
one hour under normal temperature. The locking precision of frequency tracking is as low as 9.74x10® over 5.5 hours
under variable temperature. The above research work has laid an important foundation for improving the long-term
performance of resonator fiber optic gyroscopes.

Citation: Lei M, Yu HY, Fang Y, ef al. Research on laser frequency locking technology based on temperature and PZT
control[J]. Opto-Electronic Engineering, 2020, 47(9): 190523
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