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Abstract: Optical frequency comb (OFC) have great potential as an excellent multi-wavelength light source in the
field of communications. The communication system can have a transmission rate in the order of a hundred Thit+s™
by combining the OFC light source with wavelength-division-multiplexing (WDM) and space-division-multiplexing
(SDM) technologies, which is of significant application value in 5G/6G communications, Internet of Things, and au-
tonomous driving. For an optical communication system that integrates wavelength division multiplexing and spatial
division multiplexing technologies, its transmission capacity depends on the number of channels in both WDM and
SDM, the modulation symbol rate of the system, and the signal-to-noise ratio (SNR) of the light source. Through an
optical system based on a Brillouin laser cavity with dispersion-engineered highly nonlinear fluorotellurite fiber, we
can obtain a flat OFC with a wide range of adjustable repetition frequency, spectral coverage of the entire O-U band,
and a standard deviation of the comb intensity of less than 5 dB in the O-U band. This paper calculates the linewidth

and frequency noise of the comb teeth across different bands of the optical frequency comb, and establishes a Brillouin
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optical cavityfiltering model based on the quantum Langevin equation to verify its feasibility for optical communica-

tion. The computational results indicate that the optical frequency comb in the O-U band exhibits narrow linewidths

for all comb teeth, with the system’s noise low-pass filtering characteristic originating from the stimulated Brillouin

cavily, and the noise power spectral density at frequencies above 1 MHz being lower than 100 Hz*Hz . Compared

to external-pumped microcavity optical frequency combs, this system generates a comb with lower frequency noise in

the MHz range, demonstrating that an optical system based on a Brillouin laser cavity and dispersion-engineered

highly nonlinear fluorotellurite fiber can generate a low-frequency noise flat optical frequency comb in the O-U band

for optical communication applications.

Key words: optical frequency comb; frequency noise; quantum Langevin equation; Brillouin optical cavity filtering

model

17l

2 A AL (8] RO ATAR ) 76 A1k 2% 90k AT
S50 2% ) Rl 1 A0 38 1 43, A I R B Sk ELA T
AR A ok e A0 A S A 4, A
PR HL R A 1 O R T O R R e DL R )
PR A BT 5 A BRSO A, N U4y S &R
S (WDM) (9 HZ R IR BRI i e IR 5 ik o &
FHEAR (WDM) 123 43 5 H R (SDM) 454, Ot i
5 R G0 LS 3@ Thites™ B 90 00 w5 3 5 B 1L
s 2020 4F , Khan 5 {d1 #2478 B% 4 50 GHz 1Y
SEHAAE J TR, R FH 10 km (9 BAROG LR 1R Ty 145
LT T 5 B AL 4 ik #) 192 Gbites™ Yl
f5 R4, 2021 4F , Puttnam 25 (i J1] 6315 90 1 4 25
S.C.L.U i B i v 6] B o 25 GHz 1Y )6 43 i A
KR AR B NS4 km RGBT
56138 15 15 8 15 B & 5, A5 B 1L 4 2 ik
# 610 Thit+s™,

XF—NEEE TS E AR 5% 505 A
REPGHEAG RS, HfGmA Rk TR EMNS
25 43 S B MBS R G TR AT S, L ROk
VRS W LR ™. N T B N I oy S A GE B
WAL VR I L AT R AT BE 22 0 IR R0 5 R T B
LA TRV AL 947 B0 6 15 5 H3 40, At 147 a0 B AS e ek 2, [
T GH L N B AT 2 8% 9 (9 6 5 s O B, O T 5K
X B 22 O AT 8OR L O R 1 D S  EL A
BT L RV B 2 AR Y 25 4 5 R TR
15 W b 55 B 15 Dy R AR TR R R
B, S T B G b T AR Y {40 R T 5K 6
B0 ELAT B8 6T | AR R E R A R
V] B R 91 FB1 T 90T A R o, T R T U 4 A A
Az 07 B TR o A DL 1 ER

2019¢,Huang%ﬁi+ﬁ?§@7%?’§"fgl7fﬁ

nu\«

PR BOL I 1 IT AR A R RS
PR A 3 22 WO A 1 1 8 A BL IR OB AU Ah
PG UEATE S S O L BT I A 3 2K R e M Ak
Az I SO I AR S0 A o e A U K i
SO 0 3 [ B S 30X DI 450 R A At 147 1) ol )
KA B

H AT XT38 TG 27 A1 B PR R 6 A AR 1) A
G H R Z R TX N 8 ) 22 i B 40 0
2023 4%, Erwan 55 LA G £F A5 B O I ZE Al , BF
ST 7 AT RO 5 seR R AR Sh R SE & IR
A PO I B 7 AR R O AR B A
{2 T 4K A5 1 D6 A0 AL ST 28 B 22 HL A A AR
[ 4F , Moise 55 7€ & ¥ (A 53 51 4 -0. 94 ps+km™'+
ns 1 0.5 ps-km™ - ns™ 1Y OGEF A B I BOG B v A
ST T E NGO T AR B R . ISR SR
W, 23R O 00 2 E) B (Aw) 55306 I A R G
(FSR) % B0AY 2 BE X 5 28 A3UA A 1) 016 385 i 5 F1 B
ARAT B o TR OO IR G A Av
50 FSR Y A5 HORH 24, 88 1Y 5 2K AR AR G 1 B
Vi, o TR ORI SR GRS, 2598 0 AN AR
E M (M) 3 23 7 , 24 Aw 55 18 FSR A A5 X0 2 1
1 M A 0 i ][] 28 08— A~ 4 Jey A T 9 A
ARG, 1 I T IR AR OG 1 B 98 . ST Moise
S5 3 I TE B 00 BRI B 00 T XX 5 1 A LR I8k
G B P AR O R 2R AT T R G AT SE B T 3R
T 19 D' AL 8 T8 g 2 3T I A7 5 R PR T
Wi, 7 JEE e €0 ol DAy X (8 IR S (5 O, G
FETEH 9 29 16 nm 1 48 nm"™', X T A5
PR T 77 A B 6 24 R AR DG 385 87 98 48 1 3H 1 22
8 T 0, AT T 1 T A BRSO R S 6 O
P v AR Lk SRR R ER LR M R G . LA AT LA
POG I B 7 A Y g o DGR S B 1Ol



%5 6 ST, A BT LN BOGIE Y 0-U i BT HUOG AR (4 W2 75 23 17 1141

A3 48 O A TR A s Al 4R S R R
JELF UEAT AR LMY, AT T 96 9 G Y
SN A B2 SRR, % R G nT LA ARG
FHRAS 0-U P B, B AE O-U I B 14 98 5 A v 22
/INFS dB BSOS . DL RS T R e SR S
KRS S

RAE TR T 35T IR0 5 Ao
i v AR £k T R PR B O AT Ot RS RE S R R
0-U I B AR L 5 2K ' 41 A 1 1 i
5 R G0, T 0T FL0R B FIAH A 55 2 B e A7 R ) . i
SUR L ECE R Dl 2 G U RS E e et s ed i)
it 147 VE M A5 5 2R 45 O 1% mT A G B0 5 B E A T
AT, B S i AR R ) O R A S LR AR
Fo il 1F 32 AH AL B 45 (QPSK)"'ER 256 75 1F A2 iR
2 (256 QAM )45 7 AR AT DL SE B X 6 A5 At AH
AN VIR E 1 9 1, 3% FE BT LAFE A ) 9 A S A5
W25 8 2 5 A RGEMIESCR . 2021 4F,
Puttnam 55 fif FI % 1% [ 48 55 S .C L U B (it 47
[E] B R 25 GHz WG AT B AE A TR, I FH = T o
PRAR S B 25 53 B3 6L 25 A 1A, BE S R Ay 2
FH &% (WDM) 3% 5 22 I8 i (9 3 38, R ] 28 5 2
CINT ) ¥ 28 3% 4 o 2 H5OR A8 K008 3, 45 % %5 1
43 E N A BOFAT L -85 fE R A A . 25,
AT 2 DRI R A 2% (AW Gs) B 3 T ik - B4 7 /% 378 1
S X R % O AR AR 07 /9 R 2 (PDM-256
QAM) . JET UL EHOR  TEL 5 IR 2 54 km (1 5
e SE P T 5610 AF AR IE 1 AE B AL L, L AE R
R AR 3 610 Thit-s™. (HJE  7EEHIR RS
AT R AR, SO 2 Bk RN ER 5 BE AL Bl
SR 25 T BOB TR B U7 1) 58 2 FAH A B0 B AL Ik
By, BB ALIR 7, 350K AS 7 3k o it B34S 3R 48 1Y
WAERE ST — 71, 32 2 0 G 0R B U B s
i LB G AT AT AR RCR B 3, OB TE b 1k,
M CE G R G, MO AR RS MHE S &
T VR PR THE e, DT 52 1) £ 5 T e, N SRR R 4
(R 5 221 5y — Ty I, SO A AR A B B 25 5
i OGRS BE By, 7 R AR M A i AR AR IR
R RE 2 AR AR AN %, BGONGE (E R 48R IR
gy

FEA T AR FoATT XA R AT L BT 3R A5 19 58 47
S IE AR HEAT T MRS AT AR T TR AF
A7 LUK O s BT 77 AR O 2 S T i 40 R S
FI, AT Sk 3 A0 B UK O i 14 0 A O i A

7 FH B A B S P L e AT T O A A
1) A 1 2k B MR I 7S TS SRR, 0 (E.S.
C.L.U B 89 3 dB £k 55 43 1) 0. 81 MHz,
0.41 MHz.0.11 MHz, 0.03 MHz. 0. 08 MHz #il
0. 11 MHz, A bt T SOG4 98 1Y 8 5% 2 43
9 168.75,85.12,22.92,6.25,16.67,22.92, 1F
SR N A R ) £k TE A T Ak B A A S R
TR 2 M B, B AR EE R . 7E 1 kHz 4L,
T AT 114 W P 0 23 5 AR 3% %% B /N T 1 000 Hz» Hz ™%
FE 1 MHz &b | Fit thr 1 B 75 401 236 R R 3% %% B2 /N T
100 Hz* Hz " 78 4 MHz Ab | B 5 () M8 75 A5 R R %
BWE/NTF 30 HeeHz 20 Z )5, Fefilis A& FEEZ
TR T R G UE PR 3l o B T RS
F) T GE A [ 55 25 i AW A 3 pR . AN )
F Anderson 55 i 58 25 57, i T 32 A LUK O
AT A LR T8 A 3, (45 28 1 i D & A B ARz
i F Anderson %5 #5 £ (W SO IR I R 48 . WA, i
T2 WA BB A Sh A T s i AR AT R AL A
DK B P A5 R B Bl /N T 18 A0 S8 0, Rk kR vk
B 1 AL A R TR AIG . 9 25 T 32 o B KO
AT ) M 7 b AR AR SRS R ZE R F 1 MHz
T F MR P T 2% AR 5 5 BE /N T 100 Hz-Hz ',
5 A1 ST O G AR A LG, AR R G 7 AR AR
TE MHz i B ELAT TR A A A e I 7

2 A TFHBEEAGRETE

2.1 XIRMEESRESH

w1 TR, A S R T A EL IR O8I
O-U I BV e i 7= Ak R geth = dik. &
1(a) Jhy 3k 152 A B UK 1 1 P Y6 001 A ™ 2R
40 K 1(b) kb e 4 & 405 B 1 (e) RIS
e RGN FRATE SR A2 o BUIRO6 s AE
S ELAT AR 7 A8 S0 A DA 080 258 (] B S Bl mT o
MR TR . Z )5, TR B EC L R 4%
Xof ol = S A8 AR E AT K T 3 e — B AT B
R v Al 2 M T X R B S Ik e 2 A R
a4, T B T LA D) 22 AE 58 WO O 08 AR
ik 0% 46 T, R R G 4 A e Al M IR
Tl R R VG LR HEAT P31

RIRNAX RGP SICE NS E, RATER
T3 A LK O e 0 B R AR R g Y
AR R LR (INLF D K R 20 m, AR M R
By N~10 W'-km™, 75 Z OGP K 1 560 nm 4b
H =W 8B, =B B HE Bs 43 i S —0. 5 ps’rkm™



1142 K b/

2,
5

1l % 46 &

Isolator

Seed combs

(b)

—

EDFA

Seed combs

(e)

Compressed combs

&1

Fig.1

broadening system out of cavity

HNLF

Compressed combs

—»—e—oo—e—>m

TBY-HNLF

(a) T 52 WA FLIRBOL I B0 R U™ R R 405 (D) BK oh R4 R 485 (o) EAM 15 R 58

(a)Seed OFCs generation system based on stimulated Brillouin laser cavity. (b) Pulse compression system. (c¢) Spectral
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Tab. 1 Parameters of various types of optical fibers in the optical frequency comb generation device system
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