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Review on Methods for Laser Linewidth Measurement
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Abstract This paper reviews and summarizes various methods for linewidth measurement, introduces their
development process, principles, and the required experimental equipment. According to the difference in principle,
the methods for linewidth measurement are divided into two categories based on signal power spectra or phase
noises. The limiting factors of linewidth measurement accuracy for these methods are analyzed and the precautions
for the operation of these methods are summarized. In addition, the advantages and disadvantages of these methods
as well as the corresponding detection ranges are comprehensively listed. According to the performance parameters
and experimental conditions for different lasers, suitable linewidth detection methods are recommended. Finally, as
for their practical applications, the methods for linewidth measurement of narrow-linewidth tunable lasers (widely
used for coherent communications) are analyzed and discussed in detail.
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Fig. 10 Schematic of experimental device
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Fig. 11  Principle diagram of experimental device “*"
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Table 2 Af and AS for different predicted linewidth and
delaying fiber lengths"*"’
Afi(kHz)  Delaying length (m)  AS(dB)  Af(kHz)
0.1 5000 21.98 0.15
2.5 1000 17. 11 2.30
10 500 14. 31 9.10
20 300 13.50 18. 20
150 50 12.98 125
450 15 12.78 430
AS — 12.82Af. + 38470 (33)

Afe+ 1685 °
DSHI 4 i 21 %38 S(f, Af) = S.S., CDSPST
A T LAR R

AS(Af) = 101g Sy — 101 S e = 101g

1+ (ffcl) }{1 + exp(—ZTtnALJ_[P[)}

2[1_1
)

S(fomncl,Af)

S(fo—

Lh=2,m=2, (34)

ol ool

0900005-10



T+ S e HEE IR IR DR 5 S o B A BTN
s ZUL R m 3 ) R AE T A 4% I D I R IR A8 7Y
B, =234, m=1,2,3,-c B8 [ M
m B E R 2 LA A CDSPST B {A .

FIIA (33) 20 A (34) 0T LA o 2B R B4 1 &
T K DA B 2 A 1L 12 Ry AS [R]85 BT I 3
B AS FIE R SGLF Y FE . Bl , 2 1 3R A58 0 1Y)
BAE 254 56 1 kHz, CDSPST ml LAk #% K 19. 10 dB,
FLAH R 1) 3E 3R 6 £F K B O 1500 me K EAE 10 km
LA B RER G AT BT IEH A AL 7 (KT Hz g
SEOREI . AT RLE M (33) M 1242 T — A
WA [ o R AR 25 26 58 1 T v o

24

AS (dB)

12

10° 10
Afest (HZ)

Vel 12 O[] oy 3500 £ S % 007 119 AS FIGE B Sl £F 4 B2

Fig. 12 Delayed fiber lengths and corresponding AS for
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Fig. 16 System structural diagram of cross correlation method for laser linewidth measurement "
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Table 3 Summary and comparison of methods for linewidth measurement

Measurement
Method
accuracy

Advantage

Disadvantage

Double beam heterodyne

High frequency band, high resolution,

Need of reference laser with narrow
linewidth close to measured laser
frequency, two beat frequency beams

continuously, stably and precisely

method high sensitivity controlled in a very small range, high
Dependent requirements for experimental
only on instruments and environment, narrow
reference application range
light Available measurement of both
o ) width!"""* dynamic linewidth and static
Dynamic linewidth ) ) ) )
linewidth, obvious advantages in ) ) o
measurement technology . No obvious advantages in static line
o detecting tunable DSDBR laser 4
based on digital coherent ‘ ) ) width measurement
. linewidth and evaluating performance
receiver S
of tunable laser in high-speed
coherent communication system
No need of acousto-optic modulator, Near-zero-frequency operation, being
Delayed self-zero heterodyne reduced cost, small loss of output easy to be affected by surrounding
method"”" optical power, increased sensitivity, environment, not being easy to read
being conducive to circuit integration line width directly
Long time delay optical fiber needed,
>1 kHZ,lz.u,sz

Delayed nonzero heterodyne
method based on Mach-

Zehnder interferometer """ %!

Being able to read both half height and
full width of beat frequency signal
intuitively, no need of high stability

reference source

Rayleigh scattering and loss introduced
to bring inconvenience to
measurement, high requirements for
anti-interference ability of system,
insertion loss introduced using acousto-

optic frequency shifter
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&R
Measurement )
Method Advantage Disadvantage
accuracy
Length of delayed optical fiber halved,
Delayed nonzero heterodyne Faraday rotating mirror (FRM) directly . .
. . - More complex structure, fiber with
method based on Michelson connected at reflection end """,
. . o large loss
interferometer independent of polarization, accuracy
improved
N i Insertion loss introduced into acousto-
Cyclic gain compensation o . . .
Length of optical fiber and cost greatly  optic frequency shifter, poor stability of
delayed self-heterodyne o ) )
’ reduced polarization state in system, high
method " )
optical loss
Very small lower limit of laser
measurement, high measurement o ) )
o . . Being impossible to measure wide laser
DSHI generated by Brillouin accuracy, simple structure, less optical | . i
. ) y ) ) linewidth, being necessary to keep
ring laser using second-order <100 kHz'™'  devices used , no need of long fiber, .
) ) i ambient temperature constant to ensure
Stokes light as reference light wide measurement band, and ) o e
o ] single longitudinal mode operation """
measurement not limited by pump light
wavelength and in a wide spectral range
) ) Spectral broadening effect by 1/f
Ultra-narrow linewidth ) -
. frequency noise and Lorentzian line . .
measurement based on Voigt  >10 Hz™" ) Complicated calculation
o shape from measured spectra ignored,
profile fitting ) )
high resolution
High-precision narrow laser
linewidth measurement based e Gaussian broadening effect by 1/f ) ) )
>1 kHz™ o Complicated iterative process
on coherent envelope frequency noise ignored
demodulation
Characterization of linewidth Short fiber length required, near center- )
. . . Inconvenience measurement due to
by autocorrelation detection o frequency of CDSPST value, o .
) >1 kHz" o ) . polarization state and loss introduced by
using strong coherent minimum detection error, high ) .
» i acousto-optic frequency shifter
envelope frequency stability, high accuracy
Simple structure of system, simple ) ) )
i High requirement of interferometer for
Measurement method based operation, no need of long delayed ) . .
o o : o . surrounding environment, being easy
on unbalanced optical fiber >1 kHz™" fiber, less application of acousto-optic .
) ) to introduce random errors, repeated
interferometer modulator, high measurement
o measurements needed for average
accuracy, no need of Lorentz fitting
Lot of system noise eliminated using
Narrow-band laser linewidth cross-correlation principle, linewidth
measurement based on cross- 20 Hp™ information more accurately captured, ~ Complex algorithm, associated noises
> 7"
correlation method and 3 no need of Lorentz fitting, small in system not eliminated
algorithm experimental errors, linewidth of 2 pm
band measured
) ) Scattering loss and 1// noise introduced
Ultra-narrow linewidth o ) . )
Influence of 1/f noise reduced using by acousto-optic frequency shifter and
measurement based on two ) ) ; ) ) ) T
>100 Hz and  optical fiber with kilometer level long time-delay fiber, which limiting

parameter acquisition with
partially coherent light

interference

<100 kHz™

delay, no influence of fiber length,

small measurement errors

improvement of measurement
accuracy, not being suitable for wide

linewidth measurement

0900005-20



£ 58% F9HI/2021 £5 A/HAERBFEHE

DN 3 H AT DAAR 5 48 M T i 20 R [R] ik i
K RE R B 0, FE SEBRARAE Hh, BE BRI R B OR B
BI04 75 A DU RO A 1 M e S R (B R 5E)
MOA LB &M, B, & Jr ik m
K A FR 2 2506 2 A I IO 2% A 20K, I BT
) S 5 1 A A R 0 L L SR S AR AR 4 N [R] 5 vk 1Y
P s, 6 U 38 A (1 5 2 6 4 9

XU b 22 15 1 D 4t R B2 7E BER BV BRT
ZHNMLTE  EM LT, 5 ER D52
T SR T OB BMOC S E S Z RO . &
Z % R 58 5 1 DGR I, D040 4505 A A A5
2 1) 2R T8 R R D HOG 25 1 P AS s 35 S 5O 1 48 i 42
UT O, A M F5 B £ TE R R B0 28 2R v . AT B
22 A1 22 75 RN AE I A 2 Ab 22 1k (56 T H -85 7R T
VAR HE B IR R Ah 22 0 B T S H N T ALY A
BF IR 22 Ah 22 0k 5 00 201G 25 A AE SR [ Ah 25 1% ) AR AT
WM KT 1 kHz (4R 58, P28 T B #0532 8 IO 2F K
JEE T BRI, FoF DU 4R T MR T B K . —
TEOLT B 1 kHz A IR 5E , W2 L E T K
HE RS OGLF | S A5 AR A S ™ A S AR S
IR I AN B 2658 . DA AR BL UK 3R 0B o s 7= AR i —
B Hr 48 5 B 0% S 2 % O 1 DSHI H] A& il /N F
100 kHz By £k 5 , % J5 i s 22 il S F — [ 3T 46 5
it & AU, A T RIE O A R e ds B, BEoK
iz L T8/ TG LR I R 0 19 2 0 42 58 . iz ot
1Y £k T A8 B I O 28 PR K BE el /N 50O 21 18 B R A
B R AR, X st PR T R e R T
Voigt % J& L & 1Y 728 28 5 M & J7 3% a7 W & K T
10 Hz £k %8, i1 (28) U AT T, Voigt Yo il 5 3% 18 2% 1%
A BT S 2 T 1) O FR A A RN 3R 1, AR AT I £ A
5SRO — R R 22, B £ N ) B R
il 24 22 T I S A R o R T2k 4RO Y A T R 2% i
A Y £ TE I AR 7 VA AT A K T 1 kHz B4R TE SOk
[ 28 VR FH A5 B0 AN S 56 36 3F 1 HL ) kH z J 94k 96 1
ALATPE . BE T 5 A TR 45 1Y AR R T A £ v
J7 3 AT R F 1 kHz MR e, 3% 7 15 I 6 1 2k 5
MK AR R E 15 S £ 1 4 B R L o 2 I A AR B
BF, G O LR ARG, XK S B (AR kA
22 () B4 A1 23 0 LR /I, B3 S 1) Y 5 43 238 T 1
SR R4S 2R 95 19 CDSPSTE . B e T
SO AT R T 1 kHz B4R 98, SCBk[39] 18028
B AR T T b 2% i 8 AR SO AR AR SE I . Bl
T RGEAFTERG MR 7R 5 0725 2 s I, 58 — %

BT R SR, TR, ST EAHSE
D7 R B AR 2 pem P BEAS A O6 2k TE I = O
AL R T 20 Hz 4R 58, U i FR 35 31 T 10 Hz o
P HAHCHE BARBETH PR R G0 M, (H HURETH B AR
ST ) R GRS ATY AR R G R A MR P e ) A
PR o 3L T3 2 A 6 T 8 0 WS BOR 4 1 7 2k
B W) e 3 A W BR A L PRt R RR ATk
F 100 Hz H/NF 100 kHz B £R 56 o 1% 7 B: 78 I 2 K
F 100 kHz #0062k 56 i, o6 £F 4 i i i) 55 306 A1+
B[] 22 8] f G R 55 (36) 39 45 (#2230, 5 T 358 43 48
T T V6 1 XS BEOR B 14 6 78 2 58 D+ 7 1k R A
200/ F 100 Hz $O6Z e i, th 1 TR 3k 4 Jk %
A BRI, 0 R 223G K L BT H 2 AR TR IRL B A&
8 I i AR R RO A 25 3k 1 — B N R R BT
PLH B b PR R R F S o2k v . SClik[16]
IOUE T 10 kHz & 2% (1) £k 56 U = o

— R U, a0 A DU O R B U KA 2 pm P B,
WA 56 25 18 ik 1 B A 5G T 1 R B B8 1k A 4k T )
W TE 2 pm % BOZ T ARSI I A PR AR ELR
B o A5 T IO 28 0 AT R DSDBR #OG 2%, )
il 807 2240 T B Pl sh A 2k e M i R % 4%
VNG R P> O o = O S R T O o i X
by 95 B 1) T 2% i 2R A R I, A A RO
FERI A% 0 25 0F T, AT DAk 48 3 T30 20 A T B 2
BRI %y D R BRI RS B L T AR 32
LR KR 2E M o b i G R B TT ik B
T A R 45 Y A TR T R AR LR TE T ik O T
14 G 0 A PR 3 1 T LR 2% KO B R O AT K 4
i, CDSPST {H 7E H 0 45 238 B 3, LA A /0 1 46
R 25 MU AR A M VR B (O R AR T
FEIRSGLF K A9 CDSPST {0 R AE OB L 56, W
PRI I IE B OG LR KB L ASTE 10 dB ~30 dB Y
T A, AR AS 2 AR R RS B, = 1 AS 24
PESAMME RS . AEAMLR RSP EAEN
SR A g, ELI LR 55 A kHz i, )RR 3k AR SF
7 S £F T 95 40K I 8 R 98 L 3% T 1% 5 R T, N
FH 55, W0 S A B /0N RS JRE vy LS e A e
JHCAE A R R E I BRI v o A DN O R T A% ik
TOE 2% %, T S R DA A B IR O R e R
19 Z B e s ot o 2 % O 1 DSHIL iz 4 R BB AR
S A B 0 R S OB R (RN BRI R A 1 POk
2R vi , M A B VR R DR R A U AR O AR 0 IR

0900005-21



£ 58% F9HI/2021 £5 A/HAERBFEHE

AR il £ 5 I A ) DRV 2R eI LR AR S
PR 0T T AR X B R B — B R .
— R UL, FR G0 i A 1 R A B R D
L 398 Ak /0N, 00 A5 ) 4 Al R
7 R T AR Y AE £ 58 AT

) o 125 ROk i iR A 7

A0 {75 AT, 7 20 S T 4 O 7 4 T
o, L2k 5 M RE T 38 {5 Y R B R R A 2
A E AN . BT A TR R T AR
FKHOGWE S E AR, B — 40K #
100 Gbites™ "ML 1 938 17 3R 3k ZR AR N & Gt
M Z (S5 50) M BEOGE 8723 A C I B2 (1550 nm
B3 ) AT 3 H £k 95 78 100 kHz DL T (£8 58 B8 742 A0 o7 1§
PR, G I AT S A T 2 (5 8 A R T S B PR
B AR ) o R T BB SRS B M DU i O E 1Y
2R 98 T B R G0 A I A B AE 100 kHz BLR fi
EL I 1 S PR R A AN C i B, 7E B
WY LR 5 2y vk T 4R B T A O T
SR BER Y o T D T AN e 25 R O vk 7E T
A AR Y 28 4B nT R O 48 4R 9 B T
TH T = 0 DL R 45 A S B TT AR 1 I SR, R I e Ty
T RE N B PR AT TR AU

XU TR A 22 1 mT I 1 £k 5 78 BEAS T AR PR
TS E ML TE T 8 — A4 58 A% 55 w0 o
IR TEAIE OLEE S E L SN R L
WAL BB E R TE . A S B ORISR
0 SG AR U4 A0 J A5 A B A5 21 1 £ 58 A i iR
FEHIWIAE 5 4 S0 S8 O, WM S 1 28 5 A
FEIBOE LR 58 . TR B R — A Ot B A
FE R DR AN, S — A RO 0 B K R/ NE
Pl P 252 AT 9, O R E R SRS 19 D K 25 FEAR /N
PRl e N 2 L 2 T R, SRR A RE S B — s A
SR L IR R % iR A R
B A FEER S L BRI T A% A e Y S G s IR
H TR BE AR AR Ak KA Tk R 5T o R

FERF AR 2L AIERAER A 2L (T
58 - B LR T 5 AN A Bl R Ah 2 1 T s H A
T AR JE B IR SR A1 22 05 5 06 I 1 25 R 2 AE R [
Ab 257 ) AR Tl R A DU AR . o e
Ah 2235 TAREAE TN ML, 5 32 J8 B R 55 1 5 i), 76
SR AR AR v, RERE R O TR I R G B A B
T R R AR N SR R R

TE T 3B g fle o IERF AR [ Ah 22k L AE IS A
TH LR ERZ N N IZ Tk B 5 R 4
BA — W2 WG S MBS E 0 T e - R
AW 5 A0 T AR Z 000 A bR R 3T, bkt 1 R D BR T
25 F G R W O, (H 2 LRI RS 031 48 b 1 e £F
A IE B o8 e BME G AR R b B AR AR FE

Ak ,iﬁ@iﬁ%’é&ﬁ%ﬁ%ﬁﬁﬂ‘ﬁ'ﬁ%,fﬁfﬁc% =>6,X

FEAS B A T R B A S IR AR 25 A, Vb 15 31 0E
B A 28 58, (H HE RO 2F 5 K &7l R T R BFE K
IS o A PR T RS A AN e IRV, BT DAL FE PR IE
O A SE 3R B[] R R A HT R R, S AT RE b 4
R HEE

BEF Voigt 56 544 18 78 2k 58 = 7 ik T A
RO £ KT 10 Hz 498, To i K e HE %, T H 30
A TG AT REE O R, R T
FEEF AR TR Ab 2235 AAME 5 AE o e AR AT ok A
TARAE 5 ) LE I A A6 229545 200 Voigt i | 38
o 5 RS AR Z R IRER T 1/ /R
g 7 5 | A P A0 T FR 0N, I DA DN 19 016 i v 4 R
VA %% 2 B, AR AT b A 2 3k RS i 19 £k 9, XAk
FEA — WP T HERe Jy, Bt 7E Tl 20 5% R0 S
28 BB A T N

BT AR R 0 A T A0 2% A A Y £ T )y
BT A SO R T 1 kHz (4R 58, I K ek,
A 0 AR A R R O R A . )
FE L Z T Al R I T RE B AP 23, AE Tl B8R R
S 5 PR T R A R A A B A A T AL 4
Ty i | 38 2o 2k AR % AP Ak TR T8 DA SE AR T
B, RN, L ZWERE W] L
IR AL T 26 T8 A, BEATAE B, LARAS B w3 RS 2

DA LUK ST 306 28 7 A2 19 = B 30 48 5 o
b2 2% 5 DSHI ] A &0k 8 i £ /) T+ 100 kHz i
£k v, ELI R 32 il % IR PR I A Ok
U B VA e RT L 0  A E AE E AY eT
P HOCR AL L . 78 PR AE b, B PR IE A B
THIRIE BOG s BN e, DR Jo] Bl B0 45 008 B A
CPR I AR A 51 R A A L DK 3 25 oo 0 R B sh 2
O B A B B 4 ) G ER I BRI 19 A Ok
T B K A LK AR 2R e . BRI O AN T
FHF B 2 3 o 1 o T B A /N I S50 = R
Xof T3 AR AL KA Tl 3R 85 9 A& A

BT HOAH G T 0 B A S T T vk R A

0900005-22



R A M D RTORS B I R F 20 Hz 19
2, ok K R, vT A O A T AE ey T
P OGRS MR o % R R I B 4 B S
A S 2 PO, XA FA (S S AT R 88 2K
MHREE HRTHES TS ANRE AL,
PRI I 32 7 15 o A 5 W 75 A 658 i 1 1K A0 B ), T A g
7oA AR 1) Tl PR ok I 2R T e mT N TSR
7

A F 5 56 25 T ¥ A & L v A R KT
1 kHz (30626 9, A DK e B, T 000 4 A
T AE AT ORI AL T . AR
Sl R 2 AR S T P SR A M S 5 O R O A e
B G 2R, AR A5 M 7 R AE Ol I ) 363 ) 2f 1 42 5
PRI Ay 0 /20 BR 5 R IR ORI AIR Bl IR R ) A N )
B AE AL I 8 T K IR S A O £ T B AU B i
E PR R R SR SR e, B WA IR S MR E S
FR 50 R FH L T 600 il 4 AR A7 2R 0 (PGC) T
ZOk b AN A A ARG ENE S w%. W THE
19 Hiu 4 B3k A/ AL ALR 03T Bt AT B 455 I 75 %) 52 ) 38 1 22
YO S AH A M RO . TP X R R A
HEW N ER TR RE A AR E T
b B BT R, AT N A AR RS S G E BR
o

JE T3 AH AL 45 1 B R R I 2R AE 2R Y ik
S A AR E 3 Ah 22 5 1 00 Ak i LI ek i BR 35 3
T UM 2% 2 9, TC UK B Tl R ARSI T O
JEAEL M KM R BT ER T KE
1) CDSPST K RAE BGLL T8, BT LAAE L PR A
R R A IS M OGAF K, IEIRGAF A, TR
T A W RER A E AN . — BB ANk
A5 TN T IR 4 A AR R R BR B 0k A K
W 43 BT ASCI W PR BT S5, DA 8 CDSPST Al
AH VL A A6 T 4% B8 AN IE 6 5 28 3RO £F R K, CDSPST
{E B /IS DU A5 9 4 5 A L 52 ) DU RS R L 9% T Tk
XoF S 6 2% 1 A B SR O e, B RE VT T SC I R
WA T Tl R8s .

FE T 4 A 6 T R RS BOR B 1 2R 5
i AR A EAE R [ A 25 T 0 Ak e, o 2
BOR A L6 S50 A0 B b 3 A Dy T HEAT T AR
X R T BRI A /N T 100 kHz 19 28 58, X 4 306
i 2R T Y R WA FER AR 4 T R I O AR 4K
B FE WA vk (B T A T AL 46 1Y 1A T R R AE
20T B T T T W WS ECREN

£ 58% F9HI/2021 £5 A/HAERBFEHE

250 e J7 1) B A I L PN S AT P B A
o AESCERNLH A, A5 ik B 2 G 52 56 3 A A
SRS BRI DR AN S e ) UK (H 2 T B 75 e B8 A
FIOL AL AR & o PRI 4% 2 51 AFAME PO 1 AR A
W e R R N 5 7 TR B R B
FEL S IF R P R L BEL . R IR R A SR OB R AR
e B 35 B, 5 2 AR AT 58 e R, 7 ) 2 i B
FEE BOLHURE , TR I A S B AR AT
TR LY S0 AR b b B A N PR DR AR ) U
(A A%, 1 PO A5 i T T S 0 A R BT A Tl
7%

Ko7 25 R T RN B 45 2 58 T R B R JE XL
DGR A 25 1k 9 O ¥ TR, BE R LRGN 2l &5 2k 58, X
ALK I T A R U LA A A I T T, A EE
HoAl 77 1 i BeAR B LS A W o 3% 07 ik A T
S 2 A T S R I O AR A R P PR R
i DL SRAE 28 9, 76 L I W T R I SO A T
F14 SRR A o Y SR A AR OK R I, R A U
i B U5 ok B R AR B A IR — R A
T Al T B AL R A o A B, 2 SR AR R ORI
I A5 2 rh A 38 20 AR 0 TR P i 22 W, S BOROE AR A
W P IR o I A, R R A R A A R R e
for TP A IR AR B0 Y [ Y, A RS S R i
B A A MRS St R B A 3 B4 O A A
WA o ZBOR X PR SR EOR R L E T
IBE A Tl 3R 8

8 LG

AR A5 5 Ak B 07 3 A TR] 2 58 I 4 07 1%
A0 PRS- TR S D AR i 2 S R T Ik A
BT AHAL MR A R S BT vk . IR OTIE A A T
M TE SR ERAE R, a] RUAR 3 A [R] O 2% A9 AR R 3k
PO IEM T

TER 2 J7 86 SR I A Ah 2235 & A5 A T
I b R B R )z R T e R U — R OT i N
I3 T 31X M7 1 A A T T AT TR 2 R ki
N B 00 4 i - B Pl R 9 A 4 R D 45 4 B 0T s
Hgh W A0S 1, IR 5 3O 48 1 o 2 5O 3
LA B 00 46 e 30706 275 0, A DN 45 2R S RS
0 AR B 32 AP /N o R, AT R RE A 22 9k
PEAT T S HOR AR 520 45 1F A0 B HiE Ak B 25 5 T Y
PLAl , B2t T 3% T 0 A T O T 3 B WS BOR 4R
F1% e 7 £ B ) 9 R R T SR A T AL A5 Y E A T

0900005-23



F 585 F 9H/2021 £5 B/HAEBFFHE

I ME 2 58 J5 vk ke 0 A BR AR AT AR R 2B, 4 A
BIAR KR & o

N TE 110G 0 1B oK 7, A 20 9 4 S A T Dy
T2 B ARG I B R S b T kHz d 2, T B AR Ok SCH B T
VF 20 Tk 1 2 50 I 8 357 05 98, T A A OB EF
PR DR IR /0, I R R RTINS 88 A B 2 A v

TE AR B S R R v, 1 552 B T A T A R

3t —
P I35 e

A M, e AU S BR R B8 A B W P RIS
ORI B R W o BE BB R B A R LA

Jo 22 GE 45 AR R0 B0 A TP X6 £ 5 A I 4 5 )
RTT R A 2 7 i)

[2]

[3]

[4]

[5]

[6]

2 £ X #

Gu J B, Zhu F N, Liu L, et al. 1550 nm laser
source with narrow linewidth and high tuning
bandwidth[J]. Chinese Journal of Lasers, 2019, 46
(9): 0901003.

wEERR, RAEE, X E, %1550 nm B LR T
W3 A S WO IR T, o E EOL ., 2019, 46(9) .
0901003.

Bai Y, Yan F P, Feng T, et al. Ultra-narrow-
linewidth fiber laser in 2 pm band using saturable
absorber based on PM-TDF [J]. Chinese Journal of
Lasers, 2019, 46(1): 0101003.

FIgE, I8 ROCF-, hss, A5 S TR i 45 SR OGET 1l A
WO R 2 pm % B 28 2k SEOL LT HOL & [T]. v i
S, 2019, 46(1): 0101003.

Hu J, Wang Y F, Xing Z K, et al. Narrow-
linewidth random fiber laser based on random fiber
grating [J]. Acta Optica Sinica, 2020, 40 (16) :
1614002.

BIZN, B2, TG, B TR B A
2k 58 B AL 28 WOL AR [T]. D6 2 = 4, 2020, 40
(16): 1614002.

Fan S B, Xu H C, Xiang X. Multi-point optical
fiber sensing technology for methane detection [J].
Laser & Optoelectronics Progress, 2010, 47 (10) :
100602.

BEM, LA, 1. 2 SOGE RUTR ERER[T].
HOL 5 e d FA# R, 2010, 47(10): 100602,

Tian P F, Sun X X. Single longitudinal-mode and
narrow linewidth fiber lasers [J]. Optical Fiber &.
Electric Cable and Their Applications, 2010 (5) :
16-19.

WS &, IMTRR . SRR 2 2k 5 O 2F WO A8 1 TF 50
[T). eer 5 KRR, 2010(5) : 16-19.
Xue L. F, Zhang Q, Li F, et al. High-frequency

[7]

[8]

[11]

[12]

[13]

[14]

0900005-24

modulation, narrow-linewidth
distributed feedback fiber laser [J].
Sinica, 2011, 60(1): 307-311.

B 07, akam, ZE05, AR R R ) DR T AR LR B 4
M EOC A RO A LT]. W B A= i, 2011, 60(1) :
307-311.

Lu D, Yang Q L, Wang H, et al. Review of

high-power and
Acta Physica

semiconductor distributed feedback lasers in the
optical communication band [J]. Chinese Journal of
Lasers, 2020, 47(7): 0701001.

KL, ks, ik, &5 AR BRSOk 4 A6 S 5
BOLEI]. P EEOE, 2020, 47(7): 0701001,

Liu D. Underwater target detection system based on
chaotic demodulation technology of fiber optic sonar
[D]. Changchun: Changchun University of Science
and Technology,2019.

X PF TG LR 7 R A R BRI KR B AR
FGID]. KEF - KEM LY, 2019.

Xu D, Lu B, Yang F, et al. Narrow linewidth
single-frequency laser noise measurement based on a
3X 3 fiber coupler [J]. Chinese Journal of Lasers,
2016, 43(1): 0102004.

WrE, Ak, K, F LT IX3ME M AELTE
OO A R I ROR [T]L T EROE, 2016, 43
(1): 0102004.

Von Bandel N, Myara M, Sellahi M, et al. Time-
dependent laser linewidth: beat-note digital acquisition
and numerical analysis[J]. Optics Express, 2016, 24
(24): 27961-27978.

Zhu N H. Microwave packaging and testing of
optoelectronic devices [ M ]. Beijing: Science Press,
2011:126-127.

LT A G H g RO B A (ML e s #
A, 2007:126-127.

Qi X Y. Phase frequency noise and linewidth
characteristics of narrow linewidth semiconductor
lasers [D].
Science and Technology, 2019.

FEHIR . 78 L T A S VR O A% A G PR RTZK R
MoE[D] KA RAEMT RS, 2019,

San H S, Wen J M, Liu J, et al. Measurement

Changchun: Changchun University of

system of ultra-wideband frequency response based
on optical heterodyne technique [J]. Acta Optica
Sinica, 2005, 25(11): 1497-1500.

i, AREC, XV, AL TR 22 BOR Y TE
A2 ) i R e [T]. 6 % 2 4l 2005, 25
(11): 1497-1500.

Lt 'Y C, Wang C H, Qu Y. Study on



[15]

[16]

[20]

[21]

[22]

magnetostrictive coefficient based on multi-beam
laser heterodyne [J]. Chinese Journal of Lasers,
2012, 39(s1): s108005.

i, EAEME, il 20000 220 i 0%
fif 4 2 B0 O ik LI i B OE 2012, 39(s1) -
$108005.

Xu Y P. Single frequency self-Q-switched laser
based on gain grating injection locking and its
linewidth measurement [ D ].Beijing: Beijing University
of Technology, 2018.

VEZo MG . T 19 25 6 I A B 09 S A IE Q Ot
i B L2 v M A (58 (D] e 5t - b o Tolk K2,
2018.

Maher R, Thomsen B. Dynamic linewidth measurement
technique using digital intradyne coherent receivers
[J]. Optics Express, 2011, 19(26): B313.

Wu L H.

Laser line-width measurement and

research  of the external-cavity performance
improvement [D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2012.

RIGAE . WOGARL 50 3 M SRR BB U5 (D]
M A MRS R R, 2012,

Wang K N, Liu Y L, Chen H B, et al. Line-width
measurement of DFB laser based on frequency shift
delay self-heterodyning method [ J]. Laser Technology,
2018, 42(5): 633-637.

LR, R, B, S BRIER A S22 AR
DFB ot 2k se & (1], BOtHoAR , 2018, 42(5) -
633-637.

Dawson J W, Park N, Vahala K J. An improved
delayed self-heterodyne interferometer for linewidth
measurements [J]. IEEE Photonics Technology
Letters, 1992, 4(9): 1063-1066.

Peng J X. The research of linewidth measurement
system of narrow linewidth laser [D]. Beijing:
Beijing University of Posts and Telecommunications,
2015.

SN RSSO SRR TE M i R GRS (D). L
A JERUIR LR 2, 2015.

Canagasabey A, Canagasabey A, Michie A, et al.
A comparison of Michelson and Mach-Zehnder
interferometers for laser linewidth measurements

[C]// Conference on Lasers and Electro-Optics/
Pacific Rim 2011, August 28 - September 1, 2011,

Sydney, Australia. Washington, D. C. : OSA ,
2011: C428.

Chen J P, Liu T, Dong R F, et al. Theoretical
analysis  of LC-RDSHI based on Michelson

[23]

[24]

[26]

[27]

[28]

[30]

[32]

[33]

0900005-25

F 585 F 9HI/2021 £5 B/HAEBFFHE

interferometer for laser linewidth measurement [J].
Journal of Time and Frequency, 2017, 40 (1) :
11-18.

MRIA, X%, %5 D5, 55 . Michelson BUE ¥ F 4
ZEWOCLR T Gk Y FIE S BT [T ). B RDISCR 4R
2017, 40(1): 11-18.

Chen M, Meng Z, Zhang Y C, et al. Ultranarrow-
linewidth Brillouin/erbium fiber laser based on
45-cm  erbium-doped fiber [J]. TEEE Photonics
Journal, 2015, 7(1): 1-6.

Chen M, Meng Z, Wang J F, et al. Ultra-narrow
linewidth measurement based on Voigt profile fitting
[J]. Optics Express, 2015, 23(5): 6803-6808.
Kuntz M. A new implementation of the Humlicek
algorithm for the calculation of the Voigt profile
function [J]. Journal of Quantitative Spectroscopy
and Radiative Transfer, 1997, 57(6):819-824.
Chen M, Meng Z, Tu X B, et al. Low-noise,
single-frequency, single-polarization Brillouin/erbium
fiber laser[ J]. Optics Letters, 2013, 38(12): 2041-
2043.

Chen M, Meng Z, Sun Q, et al. Mechanism and
characteristics of a fast-tuning Brillouin/erbium fiber
laser [J]. Optics Express, 2014, 22 (12) : 15039-
15048.

He Y X, Hu S L, Liang S, et al. High-precision
narrow laser linewidth measurement based on
coherent envelope demodulation [J]. Optical Fiber
Technology, 2019, 50:200-205.

Huang S H, Zhu T, Cao Z Z, et al. Laser linewidth
measurement based on amplitude difference comparison

envelope [J]. IEEE
Technology Letters, 2016, 28(7): 759-762.

of  coherent Photonics
Deng S, Li M, Gao H Y, et al. A recirculating
delayed self-heterodyne method using a Mach-
Zehnder modulator for kHz-linewidth measurement
[J]. Optical Fiber Technology, 2016, 31:156-160.
Huang S H, Zhu T, Liu M, et al. Precise
measurement of ultra-narrow laser linewidths using
the strong coherent envelope[J]. Scientific Reports,
2017, 7: 41988.

Wang Z, Ke C, Zhong Y, et al. Ultra-narrow-
linewidth measurement utilizing dual-parameter
acquisition through partially coherent light interference
[J]. Optics Express, 2020, 28(6) : 8484-8493.

Yu P. A novel scheme for hundred-hertz linewidth
measurements with the self-heterodyne method [J].

Chinese Physics Letters, 2013, 30(8): 084208.



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Dong Y K, LuZ W, Lu Y L, et al. A new method
line-width [J].
Journal of Harbin Institute of Technology, 2005, 37
(5): 670-673.

HACHE, BB, B2, S R O LR
B 0 7 [T]L W IR Tl R 5 2% 4l , 2005, 37
(5): 670-673.

Di Domenico G, Schilt S, Thomann P. Simple

approach to the relation between laser frequency

of measuring ultra-narrow laser

noise and laser line shape [J]. Applied Optics,
2010, 49(25): 4801-4807.

Wang S L. Research on linewidth measurement
system of 2 pm band narrow band laser based on
cross correlation method [D]. Beijing: Beijing
Jiaotong University ,2019.

FEAS . BT AR T 1 2 o i B AR MO TE
W R oE[D]. st b st sl K%, 2019.

Qi XY, Chen C, QuY, etal. Complete frequency
domain analysis for linewidth of narrow linewidth
lasers [J]. Spectroscopy and Spectral Analysis,
2019, 39(8): 2354-2359.

FEHER, R, ik, A MR R AR 4R v OOk
T YE B T (7], 063 2 5 0635 . 2019, 39
(8): 2354-2359.

Bai Y, Yan F P, Feng T, et al. Demonstration of
linewidth measurement based on phase noise
analysis for a single frequency fiber laser in the 2 ym
band[J]. Laser Physics, 2019, 29(7): 075102.

Cao C Y, Yao Q, Rao W,

measurement using unbalanced fiber-optic interferometer

et al. Linewidth
for narrow linewidth lasers [J]. Chinese Journal of
Lasers, 2011, 38(5): 0508005.

AR, BRI, BEAR L A AR SO R FE 1 AR
N T WAL L LT]. P EBOE, 2011, 38(5):
0508005.

Horak P, Loh W H. On the delayed self-heterodyne
technique for
linewidth of fiber lasers[J]. Optics Express, 2006,
14(9): 3923-3928.

Mercer 1. B. 1/f frequency noise effects on self-

interferometric determining  the

heterodyne linewidth measurements [J]. Journal of
Lightwave Technology, 1991, 9(4): 485-493.
Gallion P, Mendieta F 7,

frequency laser phase-noise limitation in single-mode

Leconte R. Single-

optical-fiber  coherent-detection  systems  with
correlated fields[ J]. Journal of the Optical Society of
America, 1982, 72(9): 1167-1170.

Lauterbach K U, Schneider T, Henker R, et al.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]

0900005-26

F 585 F 9H/2021 £5 B/HAEBFFHE

Fast and simple high resolution optical spectrum
analyzer [C]// Conference on Lasers and Electro-
Optics 2008, May 4 - 9, 2008, San Jose, California ,
United States. Washington, D.C. : OSA , 2008:
CMUS3.

Baney D M, Sorin W V. Broadband frequency
characterization of optical receivers using intensity
[EB/OL]. (1995-02-15) [2020-06-08].
https: //www .researchgate.net/publication/293792383

noise

Broadband _frequency _characterization_of_optical _rec
eivers_using _intensity _noise.

Shi H X, Wu T. Basic requirements of the delayed
self heterodyne spectrum measurement system [J].
Journal  of Posts and
Telecommunications, 1997, 20(2): 55-60.
HIERL, Sk AT I F Ab 2 I R G Y kAR R
(7], JbmtHl fL R 22241, 1997, 20(2) : 55-60.

YuB L, MuS H, WuX Q, et al. The phase noise

Beijing University of

and sensitivity analysis of a novel optical fiber

interferometer [J]. Journal of Anhui University
(Natural Sciences), 2006, 30(1): 53-57.

BTASSL, BB, RVFSR, . — R R A T WX
F AR S M 75 N RABRE A3 T [T]. RS (A A
BE2£RR) L 2006, 30(1): 53-57.

Fleming M, Mooradian A. Spectral characteristics
of external-cavity controlled semiconductor lasers
[J]. IEEE Journal of Quantum Electronics, 1981,
17(1): 44-59.

YuB L, Zhen S L., ZhuJ, et al. Experimental study
on low-noise fiber laser [J].
2006, 26(2): 217-220.
BIASL, WK, RZE, SF RN LA RO AR 1 52
BRFFELT]. 224, 2006, 26(2) : 217-220.

Zhou B K, Gao Y Z, Chen J H, et al. Laser

Acta Optica Sinica,

principle [M]. 2nd ed. Beijing: National Defense
Industry Press, 1984.

SRR, e DU, PR B, S BOBEE (M5 2
. kst BT Tl i it , 1984.

Chen X P, Han M, Zhu Y Z, et al. Implementation
of a loss-compensated recirculating delayed self-
heterodyne interferometer for ultranarrow laser
linewidth measurement [J]. Applied Optics, 2006,
45(29): 7712.

Murakami M, Saito S. Evolution of field spectrum
due to fiber-nonlinearity-induced phase noise in in-
line optical amplifier systems [J]. IEEE Photonics
Technology Letters, 1992, 4(11): 1269-1272.

Jia Y D, Ou P, Zhang C X, et al. Laser linewidth


https://www.researchgate.net/publication/293792383_Broadband_frequency_characterization_of_optical_receivers_using_intensity_noise
https://www.researchgate.net/publication/293792383_Broadband_frequency_characterization_of_optical_receivers_using_intensity_noise
https://www.researchgate.net/publication/293792383_Broadband_frequency_characterization_of_optical_receivers_using_intensity_noise
https://www.researchgate.net/publication/293792383_Broadband_frequency_characterization_of_optical_receivers_using_intensity_noise

[53]

[55]

[56]

[57]

[59]

measurement error analysis and correction on fiber
delayed self-heterodyne interferometer [J]. Chinese
Journal of Lasers, 2008, 35(s1): 65-68.

PIRAR, BREE, sk 7,55 IR A AP 25 TA R T &
22 4 BT O B K g IE [T]. o O, 2008, 35
(s1): 65-68.

Wu T, Hut R Q, Zhang J P, et al. An all fiber self-
heterodyne speetrum measurement system with two-
windows and high resolution [J]. Journal of Beijing
University of Posts and Telecommunications,
1990, 13(2): 1-6.

Tk, BORER, SR, S 2GR XG5 4 BER
FOS W E I N = I B [ 1 A o 1
1990, 13(2): 1-6.

Park N, Dawson J W, Vahala K J. Linewidth and
frequency jitter measurement of an erbium-doped
fiber ring laser by using a loss-compensated, delayed
self-heterodyne interferometer [J]. Optics Letters,
1992, 17(18): 1274-1276.

HouHF, JingM Y, Hul Y, etal. Laser linewidth
measurement at Fourier limit resolution[J]. Laser &.
Optoelectronics Progress, 2019, 56(8): 081402.
05, S, W, AR BR A A Y
WotZe sEMat (1], WOk 500 72# ik, 2019, 56
(8): 081402.

Xie D H, Deng D P, Guo L, et al. Line-width
measurement method of narrow line width lasers[J].
Laser &. Optoelectronics Progress, 2013, 50 (1) :
010006.

FRAR S, MRS, WT , A5 . A% 2k W O A 2k T I ik
Tkl WOt 5ot g gt R, 2013, 50(1) -
010006.

Tiyama K, Hayashi K, Ida Y, et al. Delayed self-
homodyne method using solitary monomode fibre for
laser linewidth measurements [J]. Electronics
Letters, 1989, 25(23): 1589.

liyama K, Hayashi K, Ida Y, et al. Reflection-type
method  for

delayed  self-homodyne/heterodyne

optical linewidth measurements [J]. Journal of
Lightwave Technology, 1991, 9(5): 635-640.

Ali A H. Simultaneous measurements for tunable
laser source linewidth with homodyne detection[J].
Computer and Information Science, 2011, 4 (4) :
138-144.

Okoshi T, Kikuchi K, Nakayama A. Novel method
for high resolution measurement of laser output
spectrum [ J]. Electronics Letters, 1980, 16 (16) :

630-631.

[61]

[62]

[64]

[65]

[66]

[67]

[68]

0900005-27

F 585 F 9HI/2021 £5 B/HAEBFFHE

Richter L, Mandelberg H, Kruger M, et al.

Linewidth  determination from  self-heterodyne
measurements with subcoherence delay times [J].
IEEE Journal of Quantum Electronics, 1986, 22
(11): 2070-2074.

Dawson J W, Park N, Vahala K J. An improved
delayed self-heterodyne interferometer for linewidth
measurements [J]. IEEE Photonics Technology

Letters, 1992, 4(9): 1063-1066.

Kersey A D, Marrone M J, Davis M A.
Polarisation-insensitive  fibre  optic ~ Michelson
interferometer [J]. Electronics Letters, 1991, 27

(6): 518-520.

Ferreira I. A, Santos J L., Farahi F. Polarization-
induced noise in a fiber-optic  Michelson
interferometer with Faraday rotator mirror elements
[J]. Applied Optics, 1995, 34(28): 6399-6402.

Liu Y, Qu S F, Liu B, et al. A polarization-
independent high-precision measurement method for
ultra-narrow laser linewidth [J]. Study on Optical
Communications, 2013(3): 45-48.

KB, ERATE, Xk, A5 — R i 4k TC 5% A9 e R R
ZEWOL L TE M 1 77 1L LT] LR OF5E . 2013(3) -
45-48.

Chen J P. Theoretical and experimental study on the
improvement of laser linewidth measurement method
based on delayed self heterodyne interferometer[ D ].
Beijing: Chinese
Sciences, 2016 .

FRIANT . T 1 Ah 22 W00 2 58 0 1 07 125 St i 308
ST [D ] Jbat: hERABE R, 2016 .
Nicati P

University  of Academy of

A, Toyama K, Huang S, et al
Temperature effects in a Brillouin fiber ring laser
[J]. Optics Letters, 1993, 18(24): 2123-2125.
Nicati P A, Toyama K, Shaw H J. Frequency
stability of a Brillouin fiber ring laser[J]. Journal of
Lightwave Technology, 1995, 13(7): 1445-1451.
Zhang F R, Wang Z S, Zhang J X. Research on
PMD mitigation in 100 Gbit/s WDM transmission
systems [J]. Study on Optical Communications,
2012(1): 22-24.

skIEAE, F B, SREHT . 100 Gbit/s WDM &4 &
4 PMD 0 J5 ik i B 52 (). s 5 Bk, 2012
(1): 22-24.

Shi S P. Newly progress over 100 Gbit/s standards
[71]. Telecom
Standardization, 2010, 23(9): 42-44.

Jiti 41 3F- . 100 Gbit/s 3 2 bR fE e B F R [T]. mAf5 T

Engineering  Technics  and



£ 58% F9HI/2021 £5 A/HAERBFEHE

[71]

[72]

AR HhRMEL, 2010, 23(9): 42-44.

Yang T P, Dai G C, Du Z, et al. Research on
standards and key technologies of beyond 100 Gbit/s
OTN [J].
Standardization, 2017, 30(4): 32-36.

R, W, FEE, SF L # 100 Gbit/s OTN 4
WE R R AR LT, s TR R HhsiEfL, 2017,
30(4): 32-36.

Wang Z F, Hu Y M, Meng Z, et al. Physical

Telecom Engineering Technics and

mechanism and solution of aliasing in phase
modulation-demodulation  of

Acta

generated  carrier

interferometric fiber-optic hydrophone [J].

[73]

0900005-28

Optica Sinica, 2008, 28(1): 92-98.

R, WKW, mN, S T DG E KT S AR A
20 o) - O P A IR S A PR R A R U7 R
(1], 2241, 2008, 28(1): 92-98.

Cao J N, Zhang L K, Li X Y, et al. Phase
modulation and demodulation of interferometric
fiber-optic-hydrophone using phase generated carrier
techniques [J]. Acta Optica Sinica, 1999, 19(11) :
1536-1540.

WA, SRR, A, LTI RDR LR KT AR A1
AL A8 8 ) K i 7 RS LT . e i, 1999,
19(11): 1536-1540.



	1　引　　言
	2　拍频信号的获取与处理
	3　基于信号功率谱的线宽测量方法
	3.1　双光束外差法
	3.2　延时自零外差法
	3.3　延时非零自外差法

	3.3.1　基于马赫-曾德尔干涉仪的延时非零自外差法
	3.3.2　基于迈克耳孙干涉仪的延时非零自外差法
	3.3.3　循环增益补偿延迟自外差法
	3.4　基于Voigt轮廓拟合的超窄线宽测量
	3.5　基于迭代算法的相干包络解调的线宽测量
	3.6　基于强相干包络的自相干检测表征线宽方法
	3.7　基于部分相干光干涉的双参数线宽测量
	3.8　以布里渊环形激光器产生的二阶斯托克斯光作为参考光的DSHI

	4　基于相位噪声的线宽测量方法
	4.1　基于互相关方法和β算法的线宽测量方法
	4.2　非平衡光纤干涉仪测量法

	5　限制线宽测量精度的因素分析及其注意事项
	5.1　光纤色散的影响
	5.2　光电探测器的影响
	5.3　激光器自身的频偏对测量的影响
	5.4　延时光纤长度对测量的影响
	5.6　声光移频器对测量的影响
	5.7　参考线宽对结果的影响
	5.8　测量时间对结果的影响
	5.9　频谱分析仪对结果的影响

	6　线宽测量方法的对比与应用
	7　关于相干通信用的窄线宽可调谐激光器线宽测量的讨论
	8　结束语

