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Abstract: As the core component of transportable strontium optical clocks, ultra-stable clock lasers directly determine the precision
of clock transition spectroscopy through their linewidth and frequency stability. To address the application requirements of transport-
able strontium optical clocks, a 698 nm narrow-linewidth laser system has been developed. The system employs an oval-shaped ul-
tra-low expansion (ULE) optical reference cavity with a 10 cm cavity length, integrated with a three-post rigid support structure and
a dual-layer temperature-stabilized vacuum chamber. This design ensures high performance while significantly enhancing transport-
ability. By implementing GHz-bandwidth offset Pound-Drever-Hall (PDH) locking technology, the system achieves broadband tun-
able laser output with a linewidth of less than 1 Hz (Lorentzian-fit) and a fractional frequency stability of 1.3 x 107" at 1 s. Experi-
mental results demonstrate successful detection of degenerate spectra from the strontium atomic clock transition, yielding a transi-
tion linewidth of 6.1 Hz. This performance meets the closed-loop locking criteria for optical clocks, providing critical technical sup-
port for the engineering of transportable optical frequency standards.

Key words: optical frequency standards; clock transition; linewidth; offset PDH locking; frequency stability

s B : 2025-08-01; f& 2 H #7: 2025-09-19

ELWAB : LA EERAA G335 H (RCK202401-1)

EF BT FLAEXK (1988—) , %, VGGV A 1, R 85T 7 ] R JEFo6%h . E-mail:kong_dehuan@126.com

B33 FLAEXK, EMR AT, S006 . AT Hiitiz SRR SEaty TR T B 22 MR O R 40 [T ). (g i (H AR B4 AR ) , 2026,
49(1):143-149. DOI:10.13451/j.sxu.ns.2025102.



144 NP2 4R (H SRR R

49(1) 2026

0 515

I 27 JE TR A T — AR ] A5 R S o,
WA 10 S m R RS S K M) &
G H A AR Y MR R R T AP ER AT
B 4100 0, B O B 0 R RS M L TR O
PEREARBR 0 DAERE T (¥Sr) s by 1], A
PR ('Se—>"Py) I H AR 98 29 1.3 mHz'
698 nm R 1] Y 1 £& 5 20 42 3 mHz 1 9, [F] B i
SRR AN T 1 Hez/s B0 B 3R 5 SRk L)

SEBS b — R FH R AR R A - R
Y& i =%, F] | Pound-Drever-Hall ( PDH ) 4 4
D5 % B OB HE AT 2R 0 R AR R R R e
2007 4F , 36 [ E bR e 5 H R 5T B (NIST ) ]
BAJE T 4 0 7 em A9 BIAE BR A8 %8 0 B % T
il 7 698 nm WOt A%, PO e T8 Ik B Wb 2% =
&R EREE N 1X10 0, IR TR TN 2 He
BB BRIE IS 410 . 2012 4F | Kessler 45 K H & K&
2l em B EERE H S ARG T KN
1500 nm @B FOG A, LI T L5/ T 40 mHz
FIX10 " fy AR e B2 DT, 2016 48, W <=3
] 6 8h i H v, Swierad F A A 4 7 10 em
() [ A R 22 T R T RO R 4
NS E N EK N 10 cm, Ha R G R
30 ecm X 30 em X 30 cm, fiy H O 1R FE E
g 2.5X10 B 2025 4F, Se LR T — &
T EEE T8 M XU K B OLRS
(871 nm/435.5 nm) , 871 nm BEOGH E T K N
20 cm (1) PR Y [5R]AE A B R OB 2R TE 29 0.3
Hz , FPAG 2 FE 3K 4109097

WA BRI FOLIAER E LB ERIERD
S b 2% 2R TE L R R R T oL R0 kB
TR B PR ) 3 SO K ) 3 DL B AR 22, AR
K BEAS 2 51 KRR, s 88 8 Can s 6
il 2% C LR AR ) R FR o M T BRI R
PESLIG . X 26 ) B 5 3R] 4% 4z 6B 7 BR T BR
IE R o PR AN 5 B A I B N R
&

R R G T H T 868 19 mT 4% 32 58
B R BOE R G H TAE . /e i
B H A BERYE E o BRGS0 K2 B gk
i 3 GHz 45 55 4 45 PDH 85055 42 A 52 3006
TE BIUE I R ek R SR e AT R e LR

JEE 4 % B8O B 36k A 28 8 Z WL ) A BR A
] I3, UL 52 2R GE T AL OB P PR s AT R oK o

1 O IR RS &

FE B A 16 R 5 T, MO Bk AR i [ A R S
i A B T) RO sk A8 s A S A s B B S Y s
B A B ) o o R L R Y ) A R
WS AT AR AR A VR R B
DA W4 ity 1T AR TR ) 2 RS, ATl 2 2 s s K IR
Rk BTHERRiEbr . TRERRA KRG IK
PR 25 & %5 &, B ot 3 F R € 79 10 em
A Bk 750 8 G 2 ik 2R £ 3% 38 (Ultra—Low Expan-
sion Glass , ULE) EAE MR 5%

2R A ULE i3, Bl & 5 Pl se S
BRSP4 (il R 42 50 em) L, F A 10 em K
M 2F I IR A5 M, N A B Gk 2X10°, BRI
AT AR DA AR IR S S e, EARYR E )
] 2 3, G = A BK A 4 W PR S8 AR A St
7.0X10 " /g 1 T BN S AU R ) 7R R AL
R M 1 (] B T S T R

SR W PR A B A R R M I
HEER RG22 2 % AR I TR 00 3 1S
J 1% X2 87 ) B 25 % (ATF 6030) N . R &
K B 15 i %% (Wavelength Electronics , LFI-3751)
XiF PN 2 B R St P A L RE R YT B ULE s B2 e
1 1 B R B 50 (35 °C) BfF 3T, AN 2 72 A Sl #4
B )2, R RS /N T 5 mK/C, it 10 L/s
Tl B 4 7 2X10 0 Pa fl PR ELZS IR
— B AR AR5 F AL RO

B 1 RE 7R 1 S8O6 B 8o & g8 iy ot i 1A .
P K 698 nm 1 #OE#S (TOPTICA DL Pro) i
Hoterfmth o ZOLEm bR e L S — 1
95: 5 J6EF 4 A AY , Hoh 95% M6 FH T R P b iR
T 2R BRI . R A 50 B T Ak 2 1 i —
A~ 501 50 6 £F 43 R A% 43 L R 4y - — BB 4
(2.5%) F T WK W, 55— 43 (2.5% ) W ¢
A DGR P 5 HL 6 AH A7 94 i 4% (Electro—optic Mod-
ulator, EOM ; A 5 & JENOPTIK PM705) #F 17
PE

289 2F EOM W il J5 19 06 o B 2% i o
AT AR 0 OE B OO R M I BE RN S
BT EZSE ML S BN TEMOO 5 [ 5



FLPEXAE: - AT S AR S8 VR bR 2% A AU R 58 145

VERC . % o 38 aof 9% 1 3% B (5 XF 698 nm % 1)
B EH 2 =% 15, 45" 5 91 8% (45-degree Mir-
ror, M45) 3 1 T AR H AR . 7K f Pk Ot A
HEE AR, R iR s S H . b
TE W N AR IR WO GE o DY 5y 2 — R, S EUR I
S B O B8 7 18] BE B 90° A% O R E AR L I 5 A
ST A S R AR O S . RS R R 0 S B AR
0k ST B (Mp ) 5 ] B 48 00 %% ( Pound—Drever—
Hall Detector ) #F 47 F 4 1% 2215 5 1Y $2 B .

PD )

3
o
3
o
c
=
©
c
=%
Jese| Wu 8a9

Ameter output

Mc
EOM: electro-optic modulator; Cc: collimator;

wPBS: Wollaston polarizing beam splitter;

Mc, Mp, Ms: mirror; Lp: lens; M45: 45-degree mirror,
QWP: quarter-wave plate; BS: beam splitter;

PD: photodetector; PDH: Pound-Drever-Hall detector.
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Fig. 1 Optical layout of the clock laser system
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