#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 164207

ETRRKFIEHEAERENNEERESEE DI

XEMBYY  THY  AHFHY AN KX EU
1) (hEBEBE 2 RAE B AUHFSEBE, bt 100094)
2) ("PEPBZERERFCHE R, L5 100049)

(2025 4E 5 H 9 Hig#; 2025 4F 6 A 5 HUREMERR)

PACTIEHOE &2 W TRE % T30 & AR08 S U BOGA I IR IR BE | T2000Rs B 2 RAE
HPERERY E 2SR 4R R OCAR RS B | RROBURS B2, SR DRI % DEAT P B4, 6 Rt i s ] St i
6, A T G AR I P 45 MR T R PR 4 DR T2 ) TSR I 0 R I 4 DI R 15 R LU AR C S 4, 4R A
IO BRI G 2R, 6 HE— 20 B THBOG A48 IR RS BE | RRBURS B LA 2 AR T M (. A SIS S T O AR
TFELOIRPR . RERBOCESHE FIEW L Z W TR, 5 T 5 T4 Wil ny SO isoL R 4t
S 25 SR WY Hy TR R MR R A A, RN S A VR LU R AR R 15 dB HLR ™ O B e 4 25 2 o AR £ 1

PR T2 31 dB H Y R 47, 3 o 42 i 28 1 5000, S0 E 1 B B 9T 00 IR 8 1, 0 98 BB A5 1 S R4 1O

e R R . RES RO B

KR BOCASHEOLEE, B, MEDE T, ERRB0LAE

PACS: 42.60.Fc, 42.25.Hz, 42.25.Ja, 42.60.—v
CSTR: 32037.14.aps.74.20250612

1 3

B HOCHOAR I A, RHEOCHEAT IR 1Y 5K
H it FE R, LA NS B0 5 | DGl (5 5507 Y7 K.
H ATER X BOE A IR 2 = A R A AL 2 SR
P B PR UL Hrh OGRS RR 2
IO TR A% S B HOEERA O O Eig 1,
TR 1, 2 sl it ) 400 8 FH B A RS T vk
A PZT S Ay RIS ROGE S A
Dl i 5 10110,

H AT R8O a8 45 3 = N A AR 2 TAE# 1Y
JEE. Viacheslav 45 12 S5 TIRG A (Si;Ny)
ST & R PR EOG AR, NOH TR T O
. Sheng %5 B3 4 43 %8 28 50 OIS YE BIREOG A 1Y
JE B, 2 5K RIS BOGE T & RN I At 2

il

o ERREBE T AR AR S (HEHE S 2023132) BEBIRAE.

t BIEYEH . E-mail: zhangwx@aircas.ac.cn
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250612

% Dai % M4l HIZE T AIN JEEJEE b A TaN i
Tngagext 4x5 43U 5t (DFB) 2 SR BOE#R 52
PR B A S IR L. A 75 A 10 |
FH Hs H, B 5 42 1) 70 A AT PR S S (distributed
Bragg reflector, DBR) H#Ot#, A 2K L5181
AR Y &R, RS Eik 116 GHz ToBk i
BV .

SR AR U R IR T (i Rk [ A [R] ip $ DATT 3 H
FEIDEAFER, BSOS B R a4, #ln
W5, 2k REm G REME, MR IS 2265
ST AR R, R A D6 A AN [ e R 2
v G T A SR, (EAUHE 25 [ X LR, B A,
AN FE T B = B, Wanner 1 Heinzel'! 234 5
s RN FEXD G R G I 52, 2 B OGA
FA Y Z IR 5K BRER 1S ) 2 A 6 28 1 G 21 iR H
B MR RS A MU R, R SRR A 1 T

http://wulixb.iphy.ac.cn

164207-1


http://doi.org/10.7498/aps.74.20250612
https://cstr.cn/32037.14.aps.74.20250612
mailto:zhangwx@aircas.ac.cn
mailto:zhangwx@aircas.ac.cn
http://wulixb.iphy.ac.cn
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 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 164207

WS BN SOGLG F . SRS R E TSI
WS 8] E RO TR D22 T BN T, (H 2
XTI b T iR BE R A 0B AT T O, Rl
SDCIRPASTE LA, ANAE LR WOAS A B AR
Hh e B A A T MR e LA AR R R A B
fr B ARG a SO AR BAEIE O,
TN R R HBURE  HOEIFAR IE A | PR 736k
B% (polarization beam splitter, PBS) M i {4 6 b
(polarization extinction ratio, PER) JG &4 % 0;
G2 A AR T 2 ik AR X AR 100%, Rt |
RA TR A AARHR R T ARl T4
7 FE 3 AN [ 5 AR 5 B R o, AV 1 i IR Ot A 22
i PBS Ja TS ARIREMES X (£) Bim it
HPZET G IR TR)RH T 5 3 M 7 45

R SR - A 7 S2E 3R - A (i BE Al A Y 1191 1
G SR BN R S TR B S
TR, FHO I #5E DGF 5 5
We. BT B A, D5 O I R [R5 | e
AR B BR, LA RIS 2 ARG
L AR SHCT RRUT S i B ot T 4.

BT RS HT, $5 TR RN SRR AR ) A
S, SRR I 2280 5 BRI, W BT A —
HBG, PEAR IR IR LA B (5 e WAL AR B, il i
P ST il et — Bk HAR S (SR L. SEiE e
XU AR5 A — B, e Z2 Gy 15 dB, 17k
T as X 57 PBS Sk, B {50 L= 31 dB. 721

(a)

)
TEC
— Isolator -
8 633 nm A K
el St o 5
i
e poLHWP

CCC
©

HWP: Half wave plate

TR AN ST 50 I — B | R 2R | i
JEMRFS | FL R P SR S RS R R R AR SCAY
FEAFITO: RGO T, X T TR RGOt
FMEIRZERA —EiE R R

2 WKPEH RGP R R AT

TR A JEIE Y IR T i, 0 e 2]
1 PBS 7 BRI S 2%, (0 PBS L ME %
I, N5 p It s SeT W B = A iy i i
MRS, AN, SLor RO T e ST | O SRR B AR
2 BOCI SRR A #0 T, 2 B — PR RIS
IR L. AR 0K PR BEAT 1A, RS
TFDOLLE . PRI RO AR oL WAR I 16 |
TR A3 A4 TR 20 I P 1Y SR

2.1 HER-PBS HHXRGEHAEERS

WOGER G R PR, ARSI TER
S5 T A Ry (POL) BUAs 2k fm 6 7 i f, HRL
s L (CCC) ML L HL SR Sh i #%, T
Tineg VA SO R T R okgid
PR ES 25t — 2 OREF R A an o, — B T
— TR I WS B AR A PBS
RIS (photodetector, PD) 41, 52562 & 4
Kl 1(a) R, ORI R RS nE 1(b)
Ji7R. SISt I e B PRI ol iy

Output light

PBS1
N
!. PD1
\ N
< !. PD2

PBS2

FOC: Fiber optic collimator = PBS: Polarization beam splitter
CCC: Current control circuit POL: Polarizer

(“’/[@ .

Laser Polarizer

Wave plate Polarizer

A
/ 9 .B

x

£ AOC =a
£20C =4

T
RN
Q

BT (a) SR IR0 L TRE i 55 3020 B 18] (b) £& e 72 rh i ik 25 8 s 2 1A

Fig. 1. (a) Depolarization experimental setup for wavelength modulation laser; (b) schematic diagram of polarization changes dur-

ing transmission.
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Fig. 5. Interference signals of double frequency Gaussian light with the same polarization at different time.
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Fig. 6. Phase difference of double frequency Gaussian light with the same polarization at different time.
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Abstract

Wavelength-tunable lasers play a crucial role in fields such as precision interferometry and ultra-stable laser
applications. The precision of wavelength tuning and the accuracy of frequency stabilization in lasers are the
key indicators of their performance. To improve these performance, closed-loop control with dual-beam paths,
such as saturated absorption spectrum spatial stabilization, is commonly utilized. The signal-to-noise ratio
(SNR) of the control beam detection significantly affects the control precision. Investigating the parameters that
influence this SNR and analyzing their relationships are of great engineering significance for further improving
the tuning precision and frequency stabilization accuracy of lasers.

To increase the SNR, this work examines intensity noise in wavelength-modulation systems based on the
polarizer-phase-delay-polarizer model. A polarization beam splitter (PBS) cannot achieve a zero polarization
extinction ratio (PER), thus introducing intensity noise from the interference between p and s polarization
light. Additionally, non-ideal stray light, such as back-reflected and scattered light from optical components,
further reduces the SNR of the detection signal when it converges on the detector’s active area. This work
carries out a detailed analysis of these two types of noise, exploring the effects of factors such as PER,
wavelength-modulation range, beam diameter, laser polarization direction, and modulation frequency. Based on
the theoretical analysis, it also simulates optical phenomena involving half-wave plates with different tilt angles
and rotation angles, as well as dual-frequency Gaussian elliptically polarized light under various modulation
parameters.

The theoretical analysis indicates that the intensities of p and s polarization light undergo periodic
variations as the angle between the half-wave plate’s optical axis and the PBS’s slow-axis direction, as well as
the angle between the linear-polarization direction and the half-wave plate’s optical axis, changes. The extreme
positions of these intensities move with the PER changing. At certain specific angles, destructive interference
leads to extremely low intensities in both transmitted and reflected light. Furthermore, when the detector
receives stray light of multiple frequencies, the synthesized phase varies periodically with wavelength tuning.
This means that over time (corresponding to tuning the center wavelength to different values), the interference
intensity exhibits periodic changes from constructive interference to destructive interference and then to
constructive interference. Consequently, abnormal dips and peaks may appear in the optical signal intensity.

A 633-B-A81-SA-PZT laser from LD-PD INC with a 10 mW output is used in the experiment. A true zero-
order half-wave plate model centered at 633 nm is adopted in the simulation. The laser wavelength is tunable in
the range of 633 nm+410 pm, and 10 kHz sine-wave current modulation is used, with a wavelength-current
tuning coefficient of 1 pm/mA. After an isolator, a 90:10 coupler splits the beam into a 9 mW output and a
1 mW experiment beam, which is collimated and adjusted by a polarizer, a true zero-order half-wave plate, and

a PBS to set the ratio of p light power to s light power. Two Thorlabs FDS100 detectors capture the beams,
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with signals collected via a data acquisition card. The PD1 and PD2 signals show significant differences under
certain conditions, and the p and s light signals vary periodically with half-wave plate rotating. Adding a
polarizer at the laser exit and adjusting its angle can improve signal consistency. After alignment, the SNR

increases from 10 dB to 31 dB.

In this study, wavelength of a 633 nm semiconductor laser is tuned by using a saturated absorption
spectrum ring light path. Under different modulation conditions, inconsistencies in the intensity signals of two
beams are observed. Polarization control increases the SNR to 31 dB, confirming the theoretical model.

Additionally, time domain analysis of stray light from the wavelength-tuned source shows that reducing the

wavelength tuning range and modulation freque

ncy can effectively suppress high frequency noise.
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