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Fig. 1. Overall framework diagram of dual frequency laser measurement system generated by dual AOM (PTDC represents pulse-

time digital converter; DAC represents digital-to-analog converter; IF filter represents intermediate frequency filter; RF filter repres-

ents radio frequency filter; Signal processing system represents quadrature phase-locked calculation and phase subdivision).
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Fig. 2. (a) Relationship between position measurement error and short-term fluctuations of dual-frequency frequency difference;

(b) relationship between position measurement error and long-term drift of dual-frequency frequency difference.

094203-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 74, No. 9 (2025) 094203

AOM YR A3 i AR AT 5 3 S SR SN 15
SHRE PO PO GER AR B X R AR . BT
DIAPRIE AOM BRSO B2 IR ARG B, SR S5
AR FH e e BEE 1 i R IR 3 e 5 e AU T A5
SR A A R T ST AR A R A i e A
(IR TE SX T, (RBRNRE Sy 2%, R 204
TR e R T A5 el . SR04 28 v i 1 1 TE 5% 45
v(t) = vy cos (Wt + @) , BUFRFRARISE 1
DFH Pow = v3/(8R) = 12 /400, 2P R T2 pH
PU. WOR A BHE 5 1 2] AOM, Il s rh iy Hy
A RE A R S AL R . R s T
MR Z (8], F R E T4 RE e AR ER, $3Hh
F B 5t AR . R T 45 PR S 15 RELAC DG 75 i B
PR SRS &R TR S (50 Q) LUk D3RR
WAFE, FESAEVCEORAS T D3R A% TARTEZME:
DI AR R P R T g, A B it &
FUKE HE BBERST B) 02 a] ) S AR A ) s 2.
TR, v BT & s BT e 27 AR AR Y
B AR AL, T AR i T — AN SR AR
DG, FED G ok i AR AT . AT SO B A
AP, P AR AU SR TR SO Ty 28,
WISROE 43 501 32 24~ AOM R, 75 215525 A
Af = f1 — fo BPOBUHOE. a0 5 [ Rt e
PEBA IS /IN TSS9t FEm, AKX ASf =
f1— f2 T UL, OBUSRRO'E B4 4 22 B 75 ' I8 il 2% 4K
AR 2%, HAPUE SR eV HHE T AU
JEICIR AR 2E R e PE.

3.2 IERWAB[EMIERXIFEREERN
=2 sy

Xt T BAR R RO AR, oAt 055 1o >4 40 52 S
BAME S, MPEIERLZIE AR 8. EIE PR b T
ZHPE, B S AT RES AR S HBOE S8 4
FRIA, AR AR AR R L BT,

TR i R LR B ARG L (St D) A
ERE (EL ML) Pifh. fiiE 32480 T A
AR By, THOR e R i FIRE AT 22 575 SR 4
XF R0, g5 S S A S A RLM xR
. R BRI L R A%, T AR
R UM ZRBUAE O A2 . ARZerE R X
TR F R E RSB R & AR
PIARRR BLRRE SC, IR 2E R E P2 BIAR Stk L5
Wi, X FARLAE R H M, HEA ZMEIE A,

N 28 i DA KRR AT BB M s B e 2 0 45
5 R MR 2 AR 3l — 7 Y 2K L.
AR o B 7 DI i 14 S B A R 2

[ OC R, FHE R IE R IT
Vou(t) = kv(t) + kot (1) + ksv®(t) + -+ (11)
B i A g B, D
v(t) = 1 cos wt. (12)

# (12) SACA (1) 2o

1 3
Vout(t) = 5]{521/02 + (1{311/0 + 4](531/3) coswt

1 1
+ 51@1/3 cos 2wt + styg cos3wt + -+ (13)

M (13) AT LI, BR T A 2> i RS
i w LISL, fir 55 il A7 — UG I 2w A=K
T 3w AE R B, X 2 R R I 2 AR
5 R AR E M LA I 205 | A BRSBTS (9 75
BOLH . PR ABDCLE T I 2L B 2 ] 2%
ARG, MRS A VF 21 (55 DUl B a0 )
P, B3 SR ZE AR E PR AL

4 SRk ERAERMN

P 3 7R oA 35 T XU S il B BUS O 6 IR
R ZRG A HEPPAL Rk B R AL 5 IR
— AT e A (B A A S e A 2 A
i, SERR R [l — S0 & A 2 B (S ) S
BRI 99.5 MHz 5 100.5 MHz B 4 2% 5 43
H DX AR S AT RO A (PA) UK
A HAAWRBHE T, A F] AOM1 5 AOM2 H1. 5%
R4y 1 NPRO BOG#S i 0 SO 28 4 53
ek PBS1 43 Wi, I 28 e S S 4 I A
A AOM1 K AEATS, 32 %] AOMI () il 7~ A=
99.5 MHz 4% ; & 16 HE A AOM2 &A= Ai7 4T,
Z 5] AOM2 By Hl= 4= 100.5 MHz HI45#%. Wil
FEAEM RIS PBS2 AMC A, TE A — X U IE
ARG, HA2 1 MHz. #EASRE T ALK
XU G 25558 Te 43 HBE BS1 20 R Wi g, — & BU
et AR AR IS FO T P E A G ERIES PD1 1R
KBEAES, F— MG AN E T AU T
WillE. SEESHAMERC TN RS, R4
H U R T £ . Keysight 53220 A #3150 8% 5
Allan 7 2250 Hr 844 Stable32 2K, % R St fE gt

094203-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 9 (2025)

094203

S5 BN 2588 8 MR IR AT I B O EF T Allan Jf
2547 Br. NPRO BOE 2% K8 1064 nm, 285
1.3 kHz, JEMAREER T F A AR B s e A 14
T, KERETTIE 0.001 °C. SEH6 % BRI 85 15 B 45 1l
FE 2223 °C, AU BEOEIE IR B HAT 2= Fa 0 T PEAh
RGP T S B AN, IR E TRIF T
f I (Newport S-2000A), FJSZELE H Rk 94%@
5 Hz 1 98%@10 Hz HIFEIRZCE.
szisrh FHEEH RIGOL DG 4202 /28 AOM
(RS 2 A A A ROBUI O, A 25 B8 TR &R
U PEAL, HAT AR S 3 300 Hz, 55504
A 2 I R AR M 22 IR A R X 5 R AT AR
Br, 75 1 MHz B3R S HHEAAAE 2, 3, 4 MHz, -
IR B, A 4(a) BT,
WG HS 6T AR i ) A S A0UA 5 R A TS S0 A0T
KITE 199, 298.5, 398 MHz, --- &b 17 1E & Fri %,

LK PN

99.5 MHz

SHNSSH—EG M—SHaE S R, 78 201,
301.5, 402 MHz, - A7 7E =y BT i i . 3 26 75 il
W o E IMAERAI G (G, FFAESE A T oA
MHERR A, M5 S hAE7E 1 MHz 88506 & By
W, SR SRR MR AL, S, R XU
%iﬂl%%tlﬂibnﬁq‘r”éw@i)ﬁz%%&ﬁ HRLIERR T
TXEEET BN, T KA 30 dBm VAL, 4 4(b)
JIE7R. S PRI U O R FASIE S, A5 2L
WU 22 (L B B [ 7 A8 A 8] 5 BT, I SR K
120000 s, PN ] R 2168 7 AE SR 43 X g A A —
BN R, T AT I b b A BB ) RS
PE, #IRET A 500 s. HATHMURSE )24 10 mHz,
KHE RS B 58 20 mHz. /1 (9) A1 (10) 22051
TSR, XU 22 5 0% 3175 | B2 A4 57 A% 0 i e 1)
Weshh 5.3x10°" fm, BUGAR 2% RS 5 R (1) Ao
K WIS R 1.12 fm. HEEE, BUREOE 45

i s

> PRGN

| HR HR

............

DR R A

RELEH

100.5 MHz

SRS

B3 R T XU G i B USROG IR K 22 7 5 PTG R S8 B K (NPRO BOLAS 9 35PN FRE JEHOL 48 PBS Jy i 4k 7

R

- HR 24 1064 nm /& 5585 AOM K75 G %1 2% NPBS 14 i 4%

RO R, PO #Y; PD Ao H R AY)

Fig. 3. Device diagram of the dual-frequency laser source based on double acousto-optic modulation and its frequency difference sta-

bility evaluation system (NPRO laser represents non-planar ring oscillator laser; PBS represents polarizing beam splitter prism; HR

represents 1064 nm high reflection mirror; AOM represents acousto-optic modulator; NPBS represents depolarization beam splitter

prism; P represents polarizer; PD represents photodetector).
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Fig. 5. Dual-frequency laser frequency difference stability
test results based on the DG 4202 RF generator, with the
inset figure showing the short-term measurement results of
frequency difference stability corresponding to the red-

framed section.
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Fig. 6. Dual-frequency laser frequency difference stability
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generator, with the inset figure showing the short-term
measurement results of frequency difference stability corres-

ponding to the red-framed section.
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Abstract

A high-stability dual-frequency laser source is a key technology for achieving national ultra-precision
measurement capability and also the foundation for supporting the quality of high-end equipment
manufacturing. In this work, a high-stability dual-frequency laser source and its frequency difference stability
evaluation system are both built based on a double acousto-optic modulation scheme. By investigating the
mechanism of generating dual-frequency laser based on double acousto-optic modulation, a degradation model of
frequency difference stability is constructed, and targeted technical improvements are implemented. The study
shows that the frequency stability of the dual-frequency laser source and the stability of the frequency difference
both affect the accuracy of heterodyne interference measurement. The frequency difference stability is
determined by factors such as the stability of RF signal and the nonlinear distortion of the power amplifier.
This study first optimizes the frequency difference stability to 7.5x10 °@1 s and 1.2x10 *@1000 s by designing
a high-order harmonic filtering technique. Then, the DG 4202 RF generator is replaced with a rubidium-clock-
based high-stability RF signal generator, thus further optimizing the frequency difference stability to 9x
10 "@1 s and 6x10°@1000 s. The influence of dual-frequency frequency difference stability on heterodyne
interference measurement accuracy is reduced to the sub-femtometer level. And the frequency difference
stability of the dual-frequency laser source fully meets the application requirements of picometer-level laser
interference measurement. Combined with the most advanced frequency stabilization technology using ultra-
stable cavity, our high-stability dual-frequency laser source can support heterodyne interference measurement
with picometer or even femtometer-level accuracy, demonstrating significant potential for applications in fields
such as ultra-precision measurements.

Keywords: dual-frequency laser, frequency difference stability, heterodyne interference measurement
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