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Abstract Laser frequency stabilization based on the spectral hole-burning effect in the cryogenic rare-earth-ion-
doped crystal makes use of the spectral holes in the absorption of doped ions as the frequency reference. This
technique has a low thermal noise limit. In comparison with the laser frequency stabilization technique based on the
Fabry-Perot cavity, the proposed laser {requency stabilization technique is more insensitive to temperature,
pressure, and acceleration, thereby featuring its viability to let frequency stabilization reach the theoretical limit of
10 ', which is comparable or even beyond with that of a Fabry-Perot cavity. The laser frequency stabilization
technique based on spectral hole-burning effect is introduced from the aspects of theoretical principle, technical
realization, and research progress at home and abroad. Furthermore, its development trend in the field of frequency
stabilization is prospected.
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Cook S 5 THIMFAE B 1 X107 1 (x Ky
DR R[] LS 34 ] R 73 s BP AR 2 Bl 8.5 <1077
WIS S5 3R . 2017 4F, Gobron 2V B 9Y T —Fh 3 T
DG B AL AN A OGRRARURT T PRHLAI 22 R
T3 %7 VR A X G R L ) R BRI LA K A 25
FAALFRAGB R EAE S . BT Wi %m0 5
BT 1~100 s B [E] 71 Fol A A8 B8 BEAIR T 101 A AF
GELAR AR JE R RI M R A E T 98y T AT
Rt m . HETIRE 1 B 7 O6i% R L RO A OEER
AR AR5 R 1Y) — L6 E BE BNk 2 s,

2B TR & B T8 2% SR OG5 e FL AN i O R B B AR AT 5 ik T

Table 2 Research progress on laser frequency stabilization based on spectral hole-burning effect

in cryogenic rare- earth-ion-doped crystals

Stabilization ~ Spectral Hole-
Year Team Laser wavelength / burning Result Method
nm material
Montana State  External cavity ) Allandeviation of 7804120 Hz
1999 o ) 798 Tm®" : CaF, ) o Ref. [19]
University, USA diode laser for 20-50 ms integration time
Montana State  External cavity ‘ Stabilization to 20 Hz on
2000 793 Tm*" 2 Y; AL Oy Ref. [20]
University, USA  diode lasers 10 ms time scale
Allandeviation of 500 Hz
Montana State ) Ref. [21],
2001 Diode lasers 1536 Er't ¢ Y,SiO; for 2 ms integration time drift of
University, USA [22], [23]
7 kHz/min over several minutes
200 Hz at 1.5 pm and independent
Montana State .
2002 Diode lasers 1537 Er*T + KTP to 20 Hz at 793 nm over Ref. [24]
University, USA
10 ms integration time
Frequency stability of 2 kHz
Montana State
2003 Diode lasers 1523 Er'" : D, : CaF, to 680 Hz over 20 ms to 500 s Ref. [25]
University, USA
integration time
Frequency stability of
Lund Institute of ] 1 kHz over 10 ps time scale
2007 Dye lasers 606 Pt 2 Y,SiO; Ref. [17]
Technology, Sweden together with long-term frequency
drift below 1 kHz/s
Allan deviation of 1.5 kHz
Montana State  Single-frequency ) over 0.05-50 s integration times,
2007 1530.4 Er*" ¢ LiYF, Ref. [26]
University, USA  diode lasers with laser frequency drift reduced
to less than 1.4 kHz/min
National Institute Allan deviation of
2011  of Standards and Dye lasers 580 Eu’" : Y,SiO; <6X107" for 2 s<t<<8 s Ref. [14]
Technology. USA integration time
National Institute Short-term frequency
of Standards ‘ . stability of 7X 107"z 7"*
2013 Dye lasers 580 Eu’™ ¢ Y,SiO; Ref. [28]

and Technology
(NIST), USA

that averages down to

@ 204 s integration time

110003-7



Wt 5ot T o R

gLk
Stabilization ~ Spectral Hole-
Year Team Laser wavelength / burning Result Method
nm material
National Institute Fractional frequency
2015 of Standards and Dye lasers 580 Ed’" & Y, SiOs instability of 1107 % Ref. [39]
Technology that averages to @73 s
(NIST), USA integration time
PSL Research External cavity diode Fractional frequency
2017 University,  lasers + frequency 580 Eu’™ ¢ Y,SiO; stability of 2>X 107" from Ref. [40]
France doubling in PPLLN 1 to 100 s integration time

B PN 7 & A B L T AT T AR £ 3 il F
FEU X SRR BE AL L] R AR AT T 4y
BRI SE 56, b FF J T 56 0 1 R A 5 an o6 Siodis 17
fits OB R IR Y R TR 2E IS N AL 7R
2012 AFEHEAT T FH A A B8 AL S 330 48 0 R e T
OB 5T ) I RS A 20 ms Abik 2 X107,

H [ A2 e AL B R 5% BT 5 b [ T R R A A
5% Bt B[] 431 23R i F 5 i AL W] 5 AR R AT T 3 O
BEFLA Y W OB RO oY, Bt & Tm®' ¢
YAG FEH Ev®' ¢ Y, S0, SR SEE T 8RR E
SEHy . KRB EBES AL Tm®” + YAG ik
H, T R AL B A A AR G B e R 4y iR 0
(RAMD) X 47 5 5% 3 114 52 ) L 8 e i B il v 22K
DAL 41 ) RAML 2 4 68 LRI 75 22 i e 11 [
B, ST R T RO M RAM 5 R
FH S 258 B 584 EOM., 38 i 2450 R A . 7= 4
455 PDH Fa b v (1 28 8 A0 3005 L 3856 2 48 981 1Y
FI O AT SE B RAM B0, 99 4h, £ 3
F Eu®" ¢ Y, Si0; fh R R i A3 B8 £ L 0 % i %
BEM R B TRT FP S HENE
HNIE N 4800) [ HOE Wi RS R 4, il i 2 il AOM 11
SR FEAT G b FL M B . B Lo Ty R B A
8 uW/em? , B FLIF ] g 600 ms, 15 2 1B L Lk 55 24
H5.2 kHz, SLH LM AT Eo®' . Y,SiO; 5 At
580 nm WOLH MR8 E B OB B RRE Y 2 X
10" "SI 45 5. 1 1 N A A B L RS AT 5 W1
NI A5 . H AT S AT T S B 22 0F 5% B A [ ) 24
B AL H AR 5T BT A AR TE R T i e FL OB AR
AT P S B T 55 767G IR A4 B[] 0 22 9% S 05, BT 2R
R RS 43 S 6 1B 4 AT 3 T B A9 8 45 . A0 580 nm
HITifa S % I 2l 532 nm YAG #OG et Ay, 3
K& 4 BETE 580 nm 244 5000, Fi A2 J5 19 3O6 M R A2
FEREHBEIA R 107" B, 5 NIST & 110 ik bEfL

S e R IR S UL B AR S I AR K
NIST Jyfh A e e FLAR I i i 1 U 3 99 ¢
{1 ol AR PR 3o T Ll 5 0 A AR E R Y G
AR B TR AU RS R A R R
TR E R, H N REBA KR NIST By 5
JE L AH S i A B AR C s Sn 1% iy
WFFE M ELR T R 9 0 0 5t I 7R 4 5 B9 AR
el AP TR ST R S R T U e S
A0 T PN R AR AL AR RO R AR E A B A B
10 "R E MK,

5 4ERiE

PDH #OCHR £ R — HE HOC R Y 3 2 o
G5 T i R AR A B 4B 2 O 1 e AL
O EOCR R BT TE =4 B A LA, Bl
BT R Z A LR F-P &% B
PRSI EE R . ESA & W TR TR
SLBAUE B W AR T £ HoA B9 Bk 2k n] R
(I AR . 20 R AR R R AR 2 g i
SEBIRITSE T 1 A HOR 1Y R 5E Ax T LUK T 9
a8t S SE TR (B R 0 54yl 1 I b R DA T
PRI 2 8004 A 22 et P O 3l 4 3 1IR3 (A 2
B S ACE T IR — ) v A R AR o R O i e
H hi A B ok SE BUAS ) R DDA R T — A
A e BIVAT 52 B 2 A I IR BUE

M T B fLAF i — Mo fE L+ K 2L K 1Y
R T AT L B T R e LA R R 4 2 2 S
LR 0, 18 8 L B AR 5 v -7 AR AR A
Jal o 6807 2 S0 HE N s FA L A e L 4 L
HORBEAR . H TR 5 AL R L BETE W Z0R X T
P HUA B80T TR W R D T AR . IR 3 A A
[ia) 0 — 1) 249 46 B LA L 9 15 o R R 3 X T S
2 WFSE v A 2 B O R U AR Ok B R R )
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