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Progress of domestic high performance optically pumped

compact cesium clocks
HE Xuan', YUAN Zhichao', CHEN Jiayuan', CHEN Xuzong', WANG Qing™, QI Xianghui"
(1.Institute of quantum electronics, Peking University, Beijing 100871, China;
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Abstract: The advantage of optically pumped compact cesium clocks is that they have a higher utilization of at-
oms compared to traditional magnetic state - selection cesium clocks. The group in Peking University has made
breakthroughs in the frequency stability of optically pumped compact cesium clocks. The key factors for achieving
high performance of optically pumped compact cesium clocks are the cesium beam tube, laser frequency stabiliza-
tion, and circuits. The frequency stability of the optimized optically pumped compact cesium clock exceeds by more
than twice that of the 5071A high-performance cesium beam tubes, with a typical value of 3 X 107/ ', Eight opti-
cally pumped compact cesium clocks have been developed in the past three years. And the commercial high perfor-
mance optically pumped compact cesium clocks have been preliminarily realized
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Fig.1 Schematic diagram of the principle of optically

pumped compact cesium clock

SR T I AR AR R T 2 b, B A R
TR Th R, R AR AR R AR, PR ZRIR
FE 7 WP R T 3 e o gt o, TR s R T
WL (SRagk), BCiE, 465735 5) oy A FE 4
FRSAIEBREY L. HRFRE MR Z
G, B ARDCHEMEERX, ShiE o
IF =4)-IF" = &)fEAEH, 5ol 80F =3)



iR

Big5H*E - 101 -

SLASRES, MOHTHE RT3 5T Mo A R ILRE R T A
i FREH Lo

BifS, HRTHRIEASEIRG Y, #CHME
HTF, #REFESNS TR RS, R
TR L — A EAE X, 550k A
YERL, AETIF =3, m, = 0) A4 5 T 1E B B 1Y
ERT, ¥ — @B 00 E X FIF =3,
mp=0)FIF =4, m,=0)SN. #&, HET
WA AR Z [ B R R X, oEA S
AU BEAE X R S EAE R . XE
PR BRI A 5 Hh — A R ot I 3 o 5 A 2 5 15 31
HAFCRAEHE T FIF = 3) — |F = 4) 325 BRAT 40 R B
oAb TS A JE AR RO BB R VE R R AR
PR, WA BEAE RS RE AN T, it
B4 A Ah T B4, T2 iz 5
YEH XIS, AbTFIF =3, m, = 0) )4 7§ BT 2
IF =4, m,=0)HER N Ramseyﬁﬁwﬁ%o

T O P 22 S ) T SR N B R D AH
HAEMIX, SEIMEOGIF=4) - 1F' =5)MEAEH,
SbFIF = 4) BB WA 5T 5 SOEAH BAE ™= 55
TRk Ak TR0 DX 38 A Y H 0 28 5 4 LR S
X — T 55 1 AR 5 2 0 L S K 8 0 45 Ak
PR, AR T R BRI R AH S ME .

fA] it 2 G2 % ik 26 {5 5 HE AT b B 2 S5, GE A
DAC ZF g A XHE R PRI T R 5, AKX RS
BAEATE IR PR B 2 05 TE IR A R 0 B
WS TR R A A5 . I TR AR
TR, AT TP RSB 2R . 2R
RIS
1.2 ERARK
121 4#x%

S 32 /)N 6 A 1) A R F S LA R S
(1 (a) BB T R RER ST . HIE 0
T I MDA LA E B K, B
FFGEM R — DK EA R 40 em, EHAEZH 18 em
IBEIREIE S, B Z e Ny s, B Y
M107 Pa, EXFERIILSHE NE TFHRILEAS
TR R AR, PRHE T SR T BT PR
R AE T 2400 5 g RS IR, FE 2z i n
PAERT, #J7 FIRAb R 7283, R4 R T

AR RN ZE PR R T DA T B B 1 g
i, B RAS IR TR, AE 100 CRORHE, 45775k
PR LLAR R 4 x 10BN R 1, 7RI &
T, R T DU SR A I T 104F, TR T
He )R T I Sis AT, HEATSERTA AR SR o
e — AN, R R, AT R
MRV 25 b Bl ot s TR L ) FF 0 sf 5 ol e & A AR
YEHSE I Ramsey BUEPR . S s i B4 BE R 16. 7
em, W ERAMBERBKERNLcm, QHEA
1000, 28 T IO I ) 2R 1 B 29 S 500
kHz, Jedhiz /NMish A 2 oot e, E1 (a)
B T LT his A BRI X s i R AR . Y
JRF AR S — W T B O & A AR R,
Sximat B &SRS U & RO, B IR SR
AR, G R A S, POBIERL
] LUK E] 25 %,
122 #k

AN [FIF 5% HLAL) 8 D432 /)N B 1) AR O R
/NS, RIS A AT TAE 7 X8 Irid . db
SR AOEHE NG (T (a) FT7R)
R —GH0EE, EEAHBOLS )R 7 RO
I AR EL AR FH X380 A % 1 S BB R
o0 A R OB RS A O, B Eg s —A4
B s (B 1k 5 2 SO R [l A O ER 51D
ST IO R g DY) S 20 ik R
R E a1 LS NS 711D 3 B ) o B X B
o 30 A 2 R R B 43 e b BRI DX 4 T I
P RO B SR IEAT 40 BE 5 T B O% R 43
S AL A IZ ARG I B SR o Hh—
A A O, MR it — AN S A AL SE IR g
U IR A, 30 A Y8 AR 7 ZE 3R 2% AT LU0 1) i
PRAEATRER], G55 it A D0 AT L SIE B T i A 3 Ji
T EAE DX B i SO T R A R 5 —
B BOCE IO, 20k T —A 7 6l 4
(AOM) HEAT T BB, DRI 0 4 s A5 23
TR DX 3 ) S 2 SR B A R BIF = 4) -
IF" = 5)BRIEZE [, T LAl AOM KOG AR 55
81251 MHz, AR E R, izt
B AT A G 2 IR T B IF = 4)— |F' = 4) BRI 26,
H T AOM [ AR &N, B ATERT S A 24



- 102 - BES5FHE

2023 5% 43 % % 3

B BOCHERIL R MY B, S e SR T
WRAEAE M . T4 T AR B —E R SR

S PR A O A IEOE A EHES 2 mm X 6 mm
RITE, REIEATIHFE P 2 JHOEHOE)

R 2 mW, 435 2 58 4 il i A A
K
123 &%

iz /N TR Y L R G B AR R

i AR AL R A . TR HE AR AR A% O T e 4
WK 2 /R .
HRAT 5 WA R 35 38 4 S B 1 56 T 1 Ui
}er%*}tljﬂﬁ 10 MHz {55, 7242 9192 MHz il (5 5 1Y
IR o AR 5 R A8 i 1 D) 3 R T IA #)) 5 dBm,
%Jtﬂbl‘rif 1 Hz 7 58 9 (AR 7 e 7, 3T 35 oA 45
dBc@1 Hz, 7% 1] LLik #1120 dBc@100 kHz.
R LD RO AR 5 R A 3 A 1y 2R KT DA ot A

S S IR LR A LA R AR IR 425 o) E S R A A% 03 FREEAAHE B VEA TG B R Y, AR A0 R R AT
gy, BCAMA AL HE R . PR AR BN L HOR PR R wHz 84, DR BT 34 0. 01 dBm,
( YR R G4
----------- 1
i y I
. e ] »
i o E
' w] ' [t WOCHe L
g EON RS i B = JECETEE e— Fem——
-t 3
1 N7 Sk o
i B Ve e e
i i / |
i ! F— N [ %%ﬁl AL
i 1 Nk 3 I H G Care]
A : | — : S
= 0
N : 1 |
' = = o | H = |
' i [ H 1
Laa A ' o i
e : A i
1 i . H L 1
1 L n = | ! 3 1
! 3 WO e 100 — | : H
: r--' Ij]% ----1 1= p MHZ ‘-I MHz .--.+--1--.-. :
;8 : H ¥ 21| | '
i ! 9192.632 Z 1
E t--’ %‘C‘L -----l l--* MHZ '-----‘-+.------.--.-JI
l - II.-.---------'--.-------- h-- T R A ————
=---------------- - . -----------: ' é' T%?A'fu—? -----* '
L fsRgsn | | Gssompy | 3 BT mm———
B2 Sedhiz /N e i AR R FRAE

Fig.2 Schematic diagram of the circuits system in optically pumped compact cesium clock
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Fig.3 Schematic diagram of the principle of laser control in optically pumped compact cesium clock
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