#50% F 138/2023F 7 B/HEE

P -0 M i e 5 B 2 S Tl

2 =oAL L2 gl 1 7 I 1¥ sl
AW, RERY, EREY, BE L, KET, BAL", AR
U [ R} A B A 2 0 A R 2 5 R QI I 9 B DR AR AR T SE B, WAL B 430074
S E Rl 2R BE KA B A e, L AT 100049

FE TSI RORDG R T RO T TR A I T I A S B R U . PR T — AR IR IR A AR R
ST % o 7 S e RO R T SR O D AR AR IR RO AR A TE A L DUBIE TR AR RN
TR, ) P TR] A 98 4] 8 81BN A 7 O A A A 5 SR PO A A IR 47 o O % T B L o O
FRBUE TG 2 P s 85 R IEL T WO B8 O £ 5 R e I R IR AT S B RE R A . SRTTA 5 3
BT AR IR MR RCR 5 R A R BRI IR P S S A RO R AR R A 2, O S BRI O A S R R TS R A 4R

BT R %

DOI: 10.3788/CJL221493

AEURSE T SE IR IR AT . A Ty IO il A

EEW PO MADEEE TR KSR R T IGEL; HotRa
FESEE 04331 XHiRERS A
1 5 =

e I R R 65 R A B 7 A 1 D
o RE 2 B AT R U B R TEZ — o BR
AT S B e AR AN, A RO AR AR S i 7] 52
TR A, DA TG ) G B TR D' 2 R RE R . B
JELF R B/S D FEAR RO L A s B AR
Mo A KR BRI A AT R R SR

LB R OO R e, — R B S
B e R Pl A L™ AR A R R T AR R I
TORG O DN B AR o — b 2R S I Ty SR R il B
IS, g L B R A R . R T e R
SERE T B AR B AE R T A 2 AE AN R R B R A
[F] 1 D B A 0 B 3 R R, O SR A A AT R, S B
XA~ J7 58 5 Pk 0k i ) IO R A R ELIN R AR
% AR L, W 5 2R B 2 R W . Castro 45
H ) £ A0 A i A 52 BN, B AT AR H b 5o X1
AR OB T LA e S A 2 e I A RS R P I B
R B IR SR I R AR R TR
7] 2 3L 5 AR 114 0l B g A 7 Al ok 5 B A il R
o (HIX 6 Ty 5 5 Ak DL/ AL DRI X AT T A R
o I g SR T

RS T — P A M R AT 5 SR O
PR IR, BIE WO T AR, AT el < JB8 3 0 46 i 41k
WOE W 2R 9 2% R SOE IR BIUE RS 2
O AFAR Al T A R D %o IR O A I S R ok I

1
2 /—In2
N

S TR 1 ORI 2 R R s R
2 LSS E

TR G 27 S R 5 T T R AR i 4 e R 7%
KYEOCVER , NSRBI ik, =P e ERF
AR ®E S EEMLRT U ERN
n:102].886+A7H,"T/T:II],;H\:qj’njgjﬁ??g/f‘h%_:ﬁi’${jyg
em U, TNRERE ALK, A MBS 4 E )R T
AH 5 18 1 B8, XA SC 256 P TR B9 AS SR R
A=4.312,B=4040, B0 mR 4SS G & 5
RAT KR AL/ = Ko exp[ — no(v) L], Hrp 1,0
TOESREE I, A A SO Ko RSB RER ECR
L NCAES S NIERRIEES .o (v) NI XA vl
FHRRTE o (v)=£| L(v—0)G(v'—v,)dv &

Ir./(2n)

(v*v/*v())er(FL/Z)
Bk 4 J8 1 5 2% wh SRy il R S B0 R R TE L v,
JioWe W B & oo B R, G(vV—u)=

, 2
(‘U _'Z)())
2

G

R ,1;(1)‘* v/>::

5 L

—4 In2 ,F(%Wéﬁjfﬁ%ﬂ

exp

F(}

1B SRR 2R AR TR S
r YR 2 S B R S D A AR PR T 28 R Y 2 Al

i BEA. 2022-12-05; &M@ BH. 2022-12-28; FABEHA: 2023-02-08; MLKE A HHE: 2023-03-09

BEWMBE . HREAN LT (2018YFB2002400)
EBIE1EH : "andychen@apm.ac.cn; “zhangyi@apm.ac.cn

1301003-1


https://dx.doi.org/10.3788/CJL221493
mailto:E-mail:andychen@apm.ac.cn
mailto:E-mail:andychen@apm.ac.cn
mailto:E-mail:zhangyi@apm.ac.cn
mailto:E-mail:zhangyi@apm.ac.cn

£50% F 13 H9/2023 £ 7 B/HEHN,

NG Z o B DT o H K, HLOE IR R o i
L LR B v = v, WA
IZ/I():K() eXp[ — 1021'886 ' ‘471;’/’1‘0‘(’1)())L/T:|, (1)

VIn2 I,
1—erf

I
I

H A :G(vo):k;

G G

],/EZEP erf ()

JiRzE R A, t (D) AL FRATT B A O R I
P OB B R R PO S B R E AR
BE RSB T A G 38 I I G 5 B R m]
FERE LA E R
FRATRIFH M7 I R T SR gAY . SE g O R
A R B A ) e A A LA A R R AR R T SR L S
B, BT SR FH B 52 06 28 B & 1 TR . JETR SRk R
P ¥ 2% (CTEC) A AR S r BH (9 35 B 1 & 93 30628
(VCSEL) , A i iof i 22 A3 45 0 o 4% v 3L U6 o 113 14 1 0
HL 7 A Bl VSCEL ™= A AT #E 06 . ok &
of i Pk R0 R4 2k B (HWP) i IR 43 0 4%
(PBS) 4 AW . — A0 40 ik K45 (PDA) 145
T I 4 i H TR AR 5, 28 380 ) 53R ) R A5 e 5 A
VCSEL VE A HL i 1Y 1 55 5, & I 7E VCSEL i A
B B, AT SE B O T R 8w . 5 — R AR=E
H5YRbJEFAEM . RENBKRRA"RbITEIMNE A

1— laser power servo || PDA1

10 kPa &<, S2 56 v A<0s T AR TR E 290 65 °C, JK g 4
582 R 1.2 GHz, 28 #3856 297 0.6 GHz, It D1 £
F 7S MRS AN BE LTI 4 BE L T U % S RS A BE A T A
PE o BOE S0 87 R D1 AE T, 7R AR R R i
o B PDAIRMDIF BB EGE 5. B T#H
Ji R WA i £ B 7 B ' A 3 M A Y, A R A
FE A A2 A A 7 AR O 200 nA L AE I H AR
100 kHz B9 1E 5245 5 , i@ 3 T % f & 2% (bias-T ) K iZ (5
=) | R o= /e o < E I 1= e I DA S 2 S DN
PDAZ2 fij H B AR 5 A 32 U G0 B S il g 6, 0
25 3 Y A ] R A B A AR i TEC 3K 3 H 3 19 1
TG, S INAE TEC 3K 8l H 3 b, ¥ 300 4 5 4 e 7
W AT 4 s o

REB TN SRR 55 EAd g
28U HL I 9K 3l A e b 4 n AR 22 STt R AR . PDA2
By R AR S 2 2 LR A) fo3 (PID) 1B B S5 %
5 NN R R T T IS 5 & A A TR S
MAERE . WA AR SCIR B BB IRACR ,RE
PR35 A A 5 A ) A P B AR R BEL T 0
SRR IRE T PID2 52 31 35 T i ey BELI 96 19 <
A AR B 2 WS R, T L A IR
J7 2R AR . O T 3 AR IR L Ok A = fa] iR K
PID1 #1 PID2 #5 8 Ty & ¥4 i 3158 0L 58 B o

magnetic shield

A
current source
. thermistor HWP thermistor 2
]
I | cell
bias-T VCSEL »| PDA2
% % . AN T AN
TEC I polarizer PBS heating wires
thermistor 1 l
laser frequency servo 5 PID2
T signal generator —O/
o—— PIDI
—— lock-in amplifier

K1 Sk BN
Fig. 1 Schematic of experimental devices

3 ARSI

3.1 VCSELINERMIMERHEHLR

ST VCSEL FEE AL R 1.2 mA il
2y Sk 20 “CHF B B H BO6 AR AL T WSS Ze B . R
AT VCSEL 7E TAF I 5 Ab i 13 06 Dy 26 B i A
HL 3L A9 A8 Ak R A DL AT 380 ) R ) IR 45 ), FRATT R
P ACK VCSEL i B #2420 °C, 7 1.1~1.3 mA X
] L 50 nA ] Bg 8 1 VCSEL W AL L ic 58 PDAL
By R R P X R SRS T AR S PDAT B H %
Z Ll LA 3RE PDA LS B R VCSEL 1A

LI AR A0 B R (S,) o S A R 4 o s SRS ALRR
PL0.2 s g JE I PDAL &, 535 8 62 S0 1
FEABAE 22, BR LA — S, 5 B 0 7e IR e AR L, DA 8
VCSEL i th Py % . 8@ ot & )5, i VCSEL i
A LT AR AR 0 A5 AR Ak B G A 24 R 33 nA, TN R A
[ VCSEL % H 45 2% A HL 3t 19 HL A R 305 GHz/mA L it
AR N7 14 AR AR Ak I (A 10 MHz A2 47, VCSEL i
O 2658 29 S 100 MHz, I 3806 ) R 4 2 3 AN
TR DRSS RrI

R kA% VCSEL 78 TAF HL 3 Ab 1) i 1 3506 45 %
Bt TEC 9K 3h HL 3 009 28 AR ERAE , TR AR A28 18 3 in 4k )

1301003-2



£50% F 13 H9/2023 £ 7 B/HEH:

TAEURE 65 CHEiT , # VCSELVE AR N 1.2 mA,
P TEC UK sl i 3 i OG5 76 B2 78 20 °CRT , 76 i
UK HL A 0.1 mA X BN LL0.01 mA M [aEIf&EJE 3 TEC
9Kl HL I, 3R A5 TEC 3K 2h 3t -5 80RO 28 it 10 5%
A o 2R A0 R A WA £ aek T R T B A R
R R BEOR 3 TEC LR AE IR AR (S) o THEHL
7 LA 50 ms Sk A 300 00 2 A O 2 i o L BRLA-S R B
INTE R TEC 3K 8 B Ji b, VCSEL i H3 451 4 91 % 78
TR PR AL, SEE TP FRATTE R E R R E R TAE
Tk BE 56 BT WO SR B, R T B O B TR I
B, AR S e A AR Ak (E O A5 5 B ) AT S

T S il R T SR E I SR R A S it YT A R
BE , TR AR B HLIC 5% PDA LR Y, I 47 b s 1
AR S TE RO A SR MR L R TRE O 3R 15
1) A T 5 M 7 Ty R 8 B O O 45 SR A L 2 TR .
Horp 52kl [ VCSEL AR L € TEC 3R 3
T DL R RS R 2R Oh [ TEC 3K 8h B it 06
Ty 380 M G0N Y MR 7S | a5 2R Ot O R B A
BORPE RO R M. AT LR BRI R
BERE S, OB TE 4 Hz DUF B9 AR X 56 B M s 38 38 0k /)
SO IR BE S5 L BOEAE 0.1 Hz LLT 19 A1 X 5% B
Mg 75— 25/

g —— no feedback
TN power feedback
E —-—- power and frequency feedback
2
a 1074 &
=
<
he]
E
8 105 \
S \
0 \
5 ]
£ ;
2 10
2 1070 ¢
2
z
107 - ' ) ; =
10- 10z* 10! 10° 10! 10?
Frequency /Hz
B2 SRAEEMIA N 1000 Hz it s HOH I 1]y 210 s 16 £ 09— 4k
CEPE ST

Fig. 2 Normalized noise power spectra when sampling rate is
1000 Hz and data recording time is 210 s

3.2 BEREEEMSR

T SE PO T R AU R B e e, TR AT I
R 1 A2 R, JF S0t R = IR 4%, 76 55.6~75.0 °C
X ] 278 5 2 R BE L0 5 PDA2 R i (E S . k8
V2 18 83 O P A v T R AT R DT D /N R A O T
ORI R R . B AR A PDAR i i 5 AR IR
KRWE 3P~ 0l LA PDA2 i th bl <= R
AL FE 63~67 ‘CIX A, A fb Ab R 5K, b oh B E
DI I RS L . S v FRATHE R RS R R
65 CLEL . MM, ATFAE TR AMEL . &
61~75 “CIE [ P, AL FH LA il e 1T 335 IR iR 22

AKF+0.3°C,

—+— data
— fitted curve

040
035+, \

-\\ \\\
0.30 f

N

0.25 |
0.20 \\
0.15 1 \\

0.10 -

Mean value of signal /V

0.05

0 L L 1 1
55 60 65 70 75
Temperature /°C
B3 EGOEESFIESAERE LR
Fig. 3 Mean value of transmitted optical signal versus cell

temperature

I AR S0 50 %6 B FRATT 4 BRI H PDA2 fig th 15
5 W R N A BEL L A R PR, R PID i S8 T
RERE .. ML AREPIDSHT, & ATE %
T PR A O ST S BE 2 A BEL A R s ) AR £
il £, I % B 1B 4 (a) BT 7 B9 /305 IR B B e 1) 5 Ak
R . MRS I 4 Ca) T3 Allan 7 22177, 45 Bt 4n
&l 4 (b) Brw , o] UL i Fb e 22 5 5K FE A ) SF 3 B ) R
1) Allan 77 22 402, R B IR I 85O0 A 2 o X 3R AT B
il (0 B P s iR et TAE R E R 65~70 °C,
B 7E S2 80w, FRATTAE 70 “CHF R T iR 458 5256, Fr sk ik
PR FEAK Y
3.3 it i

AR SCIL I T R AT R FH 2 v AR R B R 10 kPa iy
A AR R 5 28 wh SRR BE A WO 2
ARG SRR RS B S T R B, H OB ROIAUR
2378 9% (BRI F A 29 80 kPa & S R & M IT &
M SR T S BRI B RS Ok L MHz/h B R g R

AT F TG B SE B AR A, a8 1 43 SOk nT AR A
FH WAL IR T 19 380 DN iF i R s it o A EER
FHIECA BHAEA TR, AR J7 E RGARX & 44, AR & LA
A0 fife D T AL AR BE TR M . VCSEL BA R
N T REAR B PR A, H R T R O 2 IR 5 T T
il S T R GRS R R S T
L TIAL , PR AR 5 2838 FH T o 78 o 2 D i 5k 3 F o
T Fl 28 G 27 D 1 5 3 — P SR IR A% R DN i 33
S U DT S IR 4 SR FH I S e ) Al 3 a4
AL B OISR B e R Fis g b . HE06
TR R A AR AR TR A TR 2 A B R 1 AR R A
b, T B R AR . FAh, K s s
JCAH H BOC Y R K AR K A AR AR ik sk
M 2 3 pJR F e R W 1T R R R A Atk . AR
RSB E AR B R R B T OGRS f OE T
MRl A X O R OB HE AT 2 6k B AR AR RO T

)

1301003-3



RIS F£50% £ 1381/2023 F 7 B/hE#HKL
(@) 66.05 — - — - thermistor
transmitted light feedback
Z 66.00
g
E i ,
s 6b5.95 | Boxr o ; i ~ VYA
B \'\_., e AR A R N I l\ TR
2, L (Lo l ” v T vt PRI A A A T R W T
£ WA ¥ Mg Y A PN [y YA
g 6590 r e . VAL vy
= i i
65.85 1 1 1 1 1
0 200 400 600 800 1000 1200
Time /s
(b) w 0.012
= — +— - thermistor
S 0.010 —+— transmitted light feedback
g —
E 0.008 B
© %
§ 0.006
g
s 0.004
§ 0.002
2 1 1 1 1 1
0 50 100 150 200 250 300
Time /s

&l 4

SRAESA A 1000 Hz i) 1 00 BLANE S5O0 65 5 S0 AU IR A BOR o (a) T3 IR BEIT MR s (b)Allan J5 22

Fig. 4 Temperature control effects of cell using thermistor and transmitted light signal when sampling frequency is 1000 Hz. (a) Cell

temperature versus time; (b) Allan variance

SRR A< Y4 B 1) D6 A, T T Dt 0 54 I T 9l /)
i 5 3l R A A 5 PR AR R A RO R E

4 %k gt

R H ) R 6 e 41 6 B TR G 3 S B E IR
I MR A T 56 . TESCIS B S B T O U R R R
B A R EIRIE . SO TR R R IS Ot
o MR AH LY B s AR BN . R B BE
M ERE, N TRERE. RARTER
Ao 2] 4 a4 R 5 SR FH A B P EL 0 e T S B 1) 9 4 R0
SR o WFIE SR N S B RO 2 IR T R IO A
REE DPRBUE U LR EREBRMSE T M %,

& % X #t

Allred J C, Lyman R N, Kornack T W, et al. High-sensitivity
atomic magnetometer unaffected by spin-exchange relaxation[J].
Physical Review Letters, 2002, 89(13): 130801.

Preusser J, Knappe S, Kitching J, et al. A microfabricated

(1]

(2]
photonic magnetometer[C] /2009 IEEE International Frequency
Control Symposium Joint with the 22nd European Frequency and
Time forum, April 20-24, 2009, Besancon, France. New York:
IEEE Press, 2009: 1180-1182.

BRATk, BEAL, TEH I, 4 . Mo TE = RS B % S 0 DN AE VR R 1
T B M W 2 b s [, B SR T, 2011, 29(3): 342-
347.

Shao X L, Xue CJ, Yan Y T, et al. The significance of the near-
continuous the
prospecting for Qunjisayi copper mine in the West Tianshan[J].
Xinjiang Geology, 2011, 29(3): 342-347.

Bulatowicz M, Larsen M. Compact atomic magnetometer for
global navigation (NAV-CAM) [C] //Proceedings of the 2012
IEEE/ION Position, Location and Navigation Symposium, April
23-26, 2012, Myrtle Beach, SC, USA. New York: IEEE Press,
2012: 1088-1093.

BEETl, gk AU, AR DUh A5 B T A SR BT
WARWESE . 2008, 3(3): 77-80.

(3]

ground magnetic method and application to

(4]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

1301003-4

LuH S, Zhang J W, Li S D, et al. New concept submarine and
related prospective technology[J]. Chinese Journal of Ship
Research, 2008, 3(3): 77-80.

A, R AL . Bk 4 )8 A% TG I R S Rkt
U] F LI S 2, 2017, 25(5): 180-183.

Hao J P, Zhou B Q. Study on non-magnetic heating technology
and system for alkali vapor cells[J]. Computer Measurement &.
Control, 2017, 25(5): 180-183.

TRES, WHESCATFEH, TR AENREER RS LR
T 3SR i AL 3R B B4 : CN209605833U[P]. 2019-11-08.

Xu K, Cao J W, Ren X Y, et al. Temperature control system for
atomic gas chamber, optical pump magnetometer and nuclear
magnetic resonance gyroscope: CN209605833U[P]. 2019-11-08.
Castro P, LeCun R, Manana M, et al. Infrared temperature
measurement sensors of overhead power conductors[J]. Sensors,
2020, 20(24): 7126.

XN, 8w, B, AR T CEROL LT e MY o 2 A 5 R IR A%
il B A7) WO 5 e oAk g, 2022, 59(1): 0106007.

Liu S, Zeng Q, Li C C, et al. Application of quasi-distributed high
temperature sensor based on femtosecond fiber Bragg grating[J].
Laser &. Optoelectronics Progress, 2022, 59(1): 0106007.

Eo, ARV, Rk, G R T AN 2E T I AUE IR R R
%t CN113776686A[P]. 2021-12-10.

Wang Z, Liu S X, Yuan Q, et al. Air chamber temperature
control system based on heterodyne interference: CN113776686A
[P]. 2021-12-10.

Alcock C B, Itkin V P, Horrigan M K. Vapour pressure equations
for the metallic elements: 298-2500K[J]. Canadian Metallurgical
Quarterly, 1984, 23(3): 309-313.

Seltzer S J. Developments in alkali-metal atomic magnetometry
[D]. Princeton: Princeton University, 2008.

Allan D W. Statistics of atomic frequency
Proceedings of the IEEE, 1966, 54(2): 221-230.
Yan Y G, Liu G, Lin H X, et al. VCSEL frequency stabilization
for optically pumped magnetometers[J]. Chinese Optics Letters,
2021, 19(12): 121407.

skeAbol, T, sk, AR R IR SO AR TR LT ] K
e, 2020, 41(12): 1443-1459.

Zhang J'Y, Li X, Zhang J W, et al. Research progress of vertical-

standards[J].

cavity surface-emitting laser[J]. Chinese Journal of Luminescence,
2020, 41(12): 1443-1459.



RIS £50% F 13 H9/2023 £ 7 B/HEH:

[16] Schwindt P D D, Knappe S, Shah V, et al. Chip-scale atomic [J]. B62F4R , 2022, 43(3): 388-395.
magnetometer[J]. Applied Physics Letters, 2004, 85(26): 6409- Liu C, Xiao Y, Liu H, et al. Failure analysis of multi-junction
6411. cascade vertical cavity surface emitting laser[J]. Chinese Journal of
(17] X, B e, RUE, 2 22025 20 000 e 000 ol A S0 RO 48 2 3000 Luminescence, 2022, 43(3): 388-395.

Cell Temperature Control Using Atomic Absorption Spectrum
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'Key Laboratory of Atomic Frequency Standard, Innovation Academy for Precision Measurement Science and

Technology, Chinese Academy of Sciences, Wuhan 430074, Hubei, China;
*School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Objective  Miniature optical atomic magnetometers are small, low-power, and highly sensitive. They have broad application
prospects in geological exploration, geomagnetic navigation, and underwater target detection. To realize a miniature optical atomic
magnetometer, it is necessary to accurately measure the temperature of the cell and achieve high-precision temperature control of the
cell. In various existing temperature measurement methods, such as infrared, grating, and optical refractive index temperature
measurements, the temperature measurement structure is complex and difficult to miniaturize. Therefore, in this study, a spectral
absorption method is proposed to measure the internal temperature of the cell. After stabilizing the power and frequency of the
incident light, the cell temperature is controlled by projecting the light from the cell. This method provides an alternative scheme for

the temperature control of the cell of a miniature optical atomic magnetometer.

Methods In this study, the atomic absorption spectrum was used to measure the temperature of the cells. First, the feasibility of
using the absorption spectrum to control temperature was theoretically analyzed. The theoretical analysis shows that when the
incident laser intensity is locked and the laser frequency is locked at the center frequency of the spectral line, the light intensity
transmitting the cell is only related to the temperature. Subsequently, an experimental platform was developed (Fig. 1). In the
experimental setup, a laser was produced using a vertical-cavity surface-emitting laser (VCSEL). First, the laser output power was
detected by a photodetector, and a laser power servo was applied to control the VCSEL-injection current, thus locking the optical
power. Subsequently, the atomic absorption spectrum line was detected and converted to a laser frequency-discriminating signal by
synchronous modulation and demodulation technology. A laser frequency servo was applied to control the laser temperature,
consequently locking the laser frequency at the center of the absorption spectrum line. Finally, the signal amplitude at the center of the
atomic absorption spectrum was used to measure the cell temperature and realize cell temperature control. We achieved cell-
temperature control using this scheme. The temperature control scheme proposed in this paper and the temperature control realized

using the thermistor 1 measurement were used, and thermistor 2 was used to evaluate the control effect.

Results and Discussions It was observed that when the laser intensity and frequency were locked, the laser noise power spectral
density decreased in the low-frequency area (Fig. 2), and after locking, the light intensity before and after the cell decreased with the
increase in cell temperature (Fig. 3). For our experimental parameters, the optimal working temperature of the cell for our scheme is
65-70 °C. A fitting curve was created using the theory, and the error of the cell temperature calculated by the fitting curve was not more
than 0. 3 °C within the range of 61-75 °C. The variation in temperature with time in the two control modes was recorded, as shown in
Fig. 4(a). The Allan variance calculated according to Fig. 4(a) is shown in Fig. 4(b). It can be observed that the Allan variances for
the two temperature control methods are almost equivalent, indicating that the temperature control effect is equivalent.

Because the laser intensity and frequency are locked, the produced laser can be easily employed to polarize the atoms. The
assembly in the scheme is easily miniaturized, and this scheme is suitable for fabricating miniature atomic magnetometers. When
applied to a miniature atomic magnetometer, the temperature sensitivity of the magnetometer can be reduced, and the performance of

the magnetometer deteriorates slightly after long-term operation.

Conclusions In this study, we proposed a scheme to measure and control the temperature of a cell using the atomic absorption
spectrum. We used this scheme to achieve laser power and frequency locking, as well as temperature control of the cell. After the
laser power and frequency locking were realized, the laser intensity noise was reduced compared to the free-running state. We also
used a thermistor to measure the temperature of the cell to realize the temperature control of the cell. The temperature control effect
of the scheme proposed in this study is nearly equivalent to that achieved using a thermistor. This study provides a feasible scheme for
realizing laser frequency locking, power locking, and cell temperature control of miniature optical atomic magnetometers.

Key words laser optics; miniature optical atomic magnetometer; cell temperature control; atomic absorption spectrum; laser

frequency stabilization
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