it R ETRENE. EFHESEFERKAR - 55 -

doi: 10.11823/j.issn.1674-5795.2026.01.04

BT ARS8 58 R XGRS 2 MBS RS Sl 77

kizd, @R, PR, BH
(hrub Rk FEXTFELAGLEHERALEE, Jx 100876)

i E: EBKBELFMEEALREY, IERR. AREGTHEFEEZRREBRMERE 5 M
H, RETEERMA2HEMREE, 4 ZEA, KARERREETRIRE BN TR 2B AL
SRk, ERETHEBEBMBRAETHE, RAREBAEZRMNENURAZRRIEE, AHEH
FEAEMNEAEZAGEEUETRR, TRERXN: SHEANEE RS/ EHERN T XA, ETRIFLH
BRI ZMBEMEE TR T ETARRAZLHERBEA10dB, EHEWAN LI EFETHAS X
RAT25dB; ZHFELIAT R FNAEREE, FIHFT £ H2x107@1 s 2 2.1x107°@10 000 s, 7 = 9 W
10kHz th &1 TR EEZE H3x107@1 s M3 x 10°@10000s, Wil T HEGHE L ME L H PR TTRS B
FhH

KEIR: RIOCLME,; NBAHZSL;, MBES; BRREE; AEREE,; ME4H,;, FTHEURA;
BETHEE

FESES: TB9; 043 MEKARERS: A XEHS: 1674-5795 (2026) 01-0055-08

Dual-mixing time-delay detection of weak frequency signals enabled by

local-oscillator optical enhancement
ZHANG Yunrui, GAO Hao, LUO Bin", YU song

(State Key Laboratory of Information Photonics and Optical Communications,

Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: In the process of ultra long span fiber frequency transmission, factors such as power attenuation and addi-
tional noise of active devices lead to weak frequency signal at the receiving end, which limits the signal detection resolu-
tion and sensitivity. To solve this problem, the research team proposed a dual-mixing time-delay detection of weak fre-
quency signals enabled by local-oscillator optical enhancement. The weak carrier signal power was enhanced by a coher-
ent laser, and the dual-mixing time-delay detection structure was used to improve the receiving sensitivity. At the same
time, the high signal-to-noise ratio signal extraction was realized by combining with the balanced detection technology.
The experimental results show that compared with the traditional intensity modulation / direct detection method, the dual-

mixing time-delay detection of weak frequency signals enabled by local-oscillator optical enhancement can effectively im-
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prove the sensitivity of the receiver by about 10 dB, the RF power is increased by 25 dB under the same input power con-

dition, and this method achieves excellent frequency stability, with Allen deviation of 2 X 107°@1 s and 2.1 x 107°@
10 000 s, and stability of 3 x 107"’@1 s and 3 x 107°@10 000 s under the condition of difference frequency of 10 kHz,

which verifies the feasibility and significant advantages of the proposed method in high-precision optical fiber frequency

transmission.

Key words: local oscillator optical enhancement; dual-mixing time-delay detection; weak signal; receiver sensitivity;

frequency stability; frequency transfer; balanced detection technology; quantum communication

0 35

Wt 5 o 1] A0 3R AR ) PR A, i A E JEE )
SPRE S RN 5 PR AL B R N A
L SRR T HE X A5 ek A 4 A RO 8 1 A
Mo FEBAOCL e b A R, S RGN
M TG S AR B U R A U B A G B 1T
FRARE RIS 55 0L 5 RE RN F L
THRE, Ak RE L TR A A B S N ] A5 R [ 200 ) e
B e S AT AR . B SR S 0 T S R Gt b
S PR A i ) i T T DO e B, LR B O AT
L B I R R, R RAPURSEE, AR
E FEVEAG K5 S B E e B OGBSI L
HKAFBRTE T AL B RT A L BR o — BB LR I
WA 2R 58 22 R TR BE A )/ BLHEARIN 77 5, 4RI
Ui {5 5 b 2R . O HR B MR | ORI A
RIS 0 5 5 W T 2 AR, SRR SRR 1E
AR, R PR HOR S KRR E RS2 IR . LR
AT BB s, BRI EN R, HEH
P 1 G PRI AR AT RN, R S BT R
ER AR, HEAT 250 km S HAL I A
SRS 73 dB, 2 S BURE SRR R 2
B

Fe Wi SR BB AR D M AR G R RS AR fiE
JTI RO R B S WA S mT S AG I 1 /)
HoIR, EWE® AR SRS NI
SRR B R . R AE MR LA T R RERIR U,
WSRO R S RMBE ST, MCERE ZFIHTIEN
PR GG, AP AR IROL Y 9 HOR i AU
PE, ZBORTERHERES | SR BE RS b R B 22
R SETHRE I AR, FFE N A%
AR, ST AR A A AR IR AR R 5E
AR T A R B e A B AR LR A R 5

il

PE— B LA T A 4R 6 1 53 B AR A 58 15 5 A6 I
(O SE TR 15 SR o AR IR G 55 il S 1) R A
PETh, BENE ELRE IRAM BE B s S -6 A5 5 Y
DALY R, Oy S B B v R R G £ R A
AR T OGS

TE BR85S A5 BEA I T 1, AL S L
T2 DN A AR 07 15 AR A 2 B AT 58 . RAE O B
AR ZRGEMR R BRI O20, X LATE i M R T U
BRAEAR S R FRE ML S BT MG I iRl Nt A 5
S REUE, DRSNS T XUR B 2275,
BITEGIANIEHRE, BARERIUI R T 25
TN FHZATR PR R OL RS, E P 22 00 5 1
A AR TR A 28 JE MR o AR ek R B3k A S
oy, WA SRR L RANPRBER, J
SEPUAES R o B R B A T R R S

BEXH B HOEA BR e R rh, IR
Ul A DA A BR8P 2R R A AR
F O, TS MRS I 3 SRR SR B Tl R
AR SCH R T AR IR O 6 5 A UTR AT I 22 Bl 3 MR
Fo RN, SR RATOCR NS 5
FEIGA IO, 2R FSUIR A3 I 2 A6 I A% % $2 T3 1k
R, I RO R F A 46 A6 I 7 1K R D 0
F, PR m RN AR R LS AR L

1 ETRIRAEIEENS RS EQN

ALK AR T A A & 1 FR . ORI
B 1550. 12 nm, Jp ARG P, —
25 I i - B8 iR U i %% (Mach - Zehnder Modulator,
MZM) ¥4l 10 MHz 155, VERE5O8; 79—
e =D kT Acousto-Optical Modulators, AOM)
T #% 80 MHz, Az -5 Bij— B B A BUR Z RYAHRG,
LUEVQ D)/ e



iR

ETRENE. EFHESEFHERKAR - 57 -

BT A28 R T s B 1A

Fig.1 Schematic diagram of coherent detection using

envelope detection
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