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Integrated system for atomic interferometer laser frequency locking
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(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: An integrated system for laser frequency locking of atomic interferometers was developed in order to im-
prove the miniaturization and stability of atomic interferometers. The integrated circuit system is used for frequency sta-
bilized spectral signal acquisition, modulation and demodulation, and ZYNQ is used to complete the digital Proportional
Integration Differentiation (PID) function to realize the low-noise and fast locking of the laser frequency. The integrated
modem module has a circuit area of only 77 mm X 113 mm, which is capable of meeting the laser locking requirements
for use in most alkaline atomic energy stages. Experiments were conducted to verify the performance of the integrated
system for laser frequency locking in atomic interferometers, and the results show that: the frequency fluctuation after la-
ser frequency locking is 98.81 kHz@7 h; the re-locking time of the laser frequency is 600 ws@100 MHz; and there is no
de-locking in a long-term measurement of 100 h. This system provides a strong support for promoting the application of
atomic interferometer in complex environments such as geological research and resource exploration.
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Fig.1 Automatic laser frequency stabilization device based on

modulation transfer spectroscopy
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Fig.2  Overall scheme of the modulation transfer spectral

demodulation module

SR PR i 4 B0 O %% B iU (Direct Digi-
tal Synthesizer, DDS ).t F VB AR 5 Ffg )8 (55
PR IR . SR A — BB =%, DRUEM
S e Y P AR AR A AR — 2ot o 5 s L
o u] I R L B, DEBRIS PRI . YA i A A
R 3 2 PO AR BUE 78 K 22 B0 P T T3 L
TR o VA PR A DR AN B 3 BTz, PD IR
R EE AN 4 s o AR RS 0 A 18 A P i T AR
477 mm X 113 mm,

IR ZAAG B R MTS (IR 2ZE 15 5 A 5 fros, &5
ET5 R IR AR A A S, R 7 R S B MTS



© 36 - EFRENE. EFHESETRRER

202555 45 % % 2

WEES, RIRGES IG5 MRS (2
150 : 1,

P3RS LR T Sy

Fig.3 Physical diagram of the modem module device
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Fig.6  Schematic of laser frequency locking error signal

MO T EAUE AR R, BB
#+ (Digital to Analog, DA)BIHARE HL R 545 48 2 [1]
IR, H UAETs R, /NG %S 1Rl
TEMCRZ MBI 22, SRIG IR =M, Gk
WEE ABUE B . 4T Z R BG4
WO, ZYNQ 8 i S 4 9K 3 45 %k B AE EOM
PEAHIIR , HZEOM 4 7= 4 i MTS IR 2215 5 1Y
PLE &AL . MR DA BTERMOAS S LR, 4R/
WOLS S REPUE M Z MMM 225, JFR = Mmika
HBOLIE . AR EE S BT | 8RR
B, BASE IO R AT o OGP
SE T S NE T i, SRR L 45 4 e PR A
(720, IO G RR AR R 5 B A 22 8] A AR/
BT TR ERER O, T T
whE, RS AE AR A] S s e, SR )



it R

ETRENE. EFHESEFHERKAKR - 37 -

W, ORI ER T

| > RF Drive
ZYNQ RF l
PID EOM
Error =0 » DA [» Laser
Peak _
Hunting | AD e—  MIS
Error

K7 HOm R PR B E T S A

Fig.7 Diagram of laser frequency fast locking scheme
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Fig.8 Laser frequency long-term locking diagram
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Fig.9 Plot of laser frequency re-locking data results
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Fig.10  Gravimetric tide map
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