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Abstract

Optoelectronic oscillator (OEQ) can be used as local oscillator for microwave communication sys-
tem because of its ultra low phase noise. In order to solve the problem of poor stability of OEO, the
feedback loop was used to control the working point of the electro-optic intensity modulator, and
the pilot method was also applied to control the stability of the oscillating loop, so the long-term
stability has been obviously improved. A low frequency pilot signal was introduced into the mi-
crowave optical link and its phase deviation information was extracted, then came back to the OEO
loop, and a good stable signal output was achieved. Finally, the Allen variance was about 2.7 x
10-12in 1s.
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1. 5|8

Ot W3R % i (Opto-electronic Oscillator, OEO)J& T 1 IR H AR I, BE 0 7™ AL AR AR AR A2 168 75 52 318
Kbk 2 1O, H R T IBEAE R, AMENTRIOR & BIAIRIE 1] [2] [3] [4] [5]. OEO KK SRR E 1
Fe R RN B R, A2 T A SR D AN IR TR, Yao [614 5200 Rt —
FEFHRAE I & T, ZTEAREMRA LfF U OEO s e M 17 8 B3 hn T 3R % 848 %; Pham [7]2R
FH 3 5 X 4% 3 A A R B Y B B (R BN RE M, T OEO AURAIAME, (HIFARHE tH S5t BART7 %5
Eliyahu [8]R FHBUAHIIT77%, #4 OEO AN B E — AR, BUHRSEZIR “BUHT T, XHRG ST
AR P SR Bui [9]% OBO A% O At —— 58 B 1 1) 2% 1) BLIAL LA AUEAT 451, DUCRIE = OEO
FRENE, Z5 AU R A g T ).

NIERAE ST E WAL, ARSCATI J5 SR FH I 5t LI Xof F s it P82 1 ol 88 ) LR AR R AT 4 18], [)
ISR AR 7 V5 AT OEO RS e PEEAT I8, 1207 R0 s IRME 4277 RIGAS L, STARALI B0 15 B 3R X
WREBGARRE, AT E OFO MK HIf e .

2. UK HERE

TR B B A O 1) B B S B 1] 1 o, b SR SR R AR D OB R e R R o —
LR GRS, LR SRR B B ) L o (B B K O ARG 2% (Laser Diode, LD). 1
ik ¥ 418 R 1 i) 2% (Mach-zender Modulator, MZM). J:£F(Fiber) LA 5 % LRI 28 (Photodetector, PD). LD & 5
HpE KO E S MZM R AR E:, TS S @i MZM XSSO S0 5 B 3T A gk A b 4Rk
% PD, J#id PD LI EE K 5 ICE S S S . RS SEERBOGRERS T SEIL T O - R - O/
HFAR” S5 AR . MZM (o — SR AR 2R 1, L B B 2 A PR S . IR 345 R 3 ) s i)
BOR, REZ - AERTAE S IMBEILR, 7 2R R U AT

T EHE RS — N A B KRR A IR E S . M LD RITBOLE, #E 99%MtTh 2t
AR5 (Photodiode), 4t A HAE 5 581 B BCK# (DC Amplifier) 34T UK JG d#E N 1 B H
(Calculation Module); TGS 5 7E MZM i i B I AR5 99% 1) 6 D 23 N PRI 28 (Photodiode),
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Figure 1. Typical microwave optical link structure and its matching control circuit

B 1. BBIROR SRR R K HEC BT H B i

T8 I I I8 Y8 K 48 (Low Pass Filter) 383 5 #E N BLLBUK #5 (DC - Amplifier) AT JBOK, H3E AN THRE B ER
(Calculation Module). P15 53k N 11 B AL (Calculation Module) )5, £ ia 5 jm 3\ B 25 #1] F % (Biasing
Control Circuit), 45& 2% HJLEE 5 (Reference Voltage) AT HLH . K5 HEE, fH&JE1E AR RA AL
MZM ) EL it i B 3 .

IZPEH R AR JF AT 2 MZM W B B TAE AU AN R . SRS A i B
N SR DR SRR AR, I, BO6(E Fi8id Photodiode-Low Pass Filter-DC Amplifi-
er-Calculation Module-Biasing Control Circuit #4215 2 MZM, 8T ot B g AT TAE SRS, AREH H
HDEA KA, S TAR SRR E .

3. tHIR%HS
3.1, [EIE

R A L E BRG] 2 Bs . HA a2k 263K R 8 OEO W EARSEH; HAhZ AR A 1
SR ) R 45 A4 . 1 1) (M Z Modulator) Y6 £F (Fiber). 3% LRI #%(Photodiode) fHiH UK 2% (Microwave
Amplifier). #2#H%%(Phase Shifter). 7= 77 €3 2% (Narrowband Filter) L & 0% %% (Laser Diode)f4 i 7 OEO *&
F% o OEO FYARHRYE T FRER A (MRS, 12 P i e i ) 3 0P IWOG s BEEAT R, RIS D15 S s er
JE Y FIIA S RN 38 38 S5 i FEAS 5 AT IBOR, R 18 I A% A 45 VR B AR 5 280 A A i I8k 2% S BILE G
IR I it 2 TR ) 2 PR OB A N B AT R — RIE IR . X T IR AU AR S B, R IRE A KT
1 HAHRE BN 2 (8, RO R e S AR kA, A5 S R IR .

Pl 2 rf BRSO IR g A ) LB ) BEACHE S . 30U 5 (Probing Signal) 7 BSR4, — 438
LI 8 EN OBO A, 285 flep e % e B IR M 48 (Mixer) 5 73— #8738 3 # A1 5 (Phase Shifter) 4T
VR, TR (S T I E JE #E #8 (Low Pass Filter) 5 #F A&7 15 5 A BE AL (Baseband Signal Processing
Module) b ¥ J5 E B B IR R RS, BT A SLIR Z 55 )5, HEKIRGE S MBS UE £ SH1E
SAINL, AR E R

ey L PN T R

Vi = 4 cos(wt+@,) O
V, = 4, cos(ot+p, +Ap)’
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Figure 2. Optoelectronic oscillator and its pilot control circuit

B 2. SRR R H ST H B B

V(1) :%AIAZ [cos(20t +¢, + ¢, + Ap)+cos(p -9, —Ap) |. ®)
TR AT JE P AR N A B
V(1) = A cos( -0 - Ap), )
NSRS ARDL 22, B HAE Y o2 ar it  Ee iy

V(t):i%A]A2 sinAg. 4)

WRAp <, AN
V(t)=K,Ap. )

K, MR T, HAEN 20544, . N EFTEUE Y, SER B 51 R AL AR A R 8 O RS 5
REEEKIN OEO fRHERe 4%, 8 U IR A AL T IR 15 S, SEILKIR OEO fARE M2 .
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3.2. SCIf

FeT 1] 2 FToR G5 A5 B SRI0 S 6 o B G 1A A1) 3% SR Optilab 24 7] 285 4 IM-1550-12-PM 58 5 1 1) 2%,
TAEF Y9 12 GHz FAFEN 4 dB; JEHERINZE R Picometrix A w854 P-40A/HP (1) Spl PRI 25,
TAE 8N 40 GHz MR EEA 0.65 A/W@1550 nm; G K A EM4 A5 845 AA1401-080-P (145 2%
WHOGAE, %N 1 MHz. HitHZh#8 80 mW. AHXT SR FEM: 75 24—150 dBe/Hz: JG4F4 KA Corning A ]
I EBLR S J64E, BUFEN 0.2 dB/km. KFE 6 km; & 235K A i H I 7= #41

K 400 MHz i @ RIE SIS H I . KRNG5 0 0w, —Bx s i ys sl #sdt X OEO [a]
B, FE HG TR B0 B AT R R 20T 6 km KOGLFERIERT, 706 F R I B A R E, Ead i
KK G5 55— BERIME 5 SE IR AH . 59— B85 S VR AT i — RS AH 2R 52T 90 FEAH, B ELZ
SRR E . YA S RS S I R AR AT R R A S, Gk B R (E S AbEA R, R
BUBCK S @EESE AT 5 IR B W IR R A%, B Eh 35 R4 R M 28 i i) s Ok “ RN 78 RN
FENPE BN . B 3 A A S p 4 B R OBO BEAT Fa e 5 i Ja MBS T 22 (M 41 3% 28 K A e 1k
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Figure 3. Long-term stability test results
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M 7.6 x 1072 FIEF 2.7 x 107, 10s WM 7.2 x 107 FFEF] 6.7 x 107, 100 s I 2.8 x 1072 RFEH] 1.9 x
1077, 1000 s FAM 9.3 x 1072 [ & 8.0 x 107", 1B 1 i@ Fa e 2415, OEO HIK ka5 3 B B 503 .
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AR SR FH IR PRI KT R Y R S ) B e e AT R ), G T BRSO A 4 A A L
HET R FH AT AR ' IR 3 R % P (R IR Y B 1R 2245 5 AT 3R L, U4 OEO MM RS A I
AEEATRHIBE RIS R 5 OEO PRSI S % i 3 AN HA RS e M AT 45 ], B2 sel T RIFHIFRE S
SH, HTE T 1s NZIN 2.7 x 10720 10s WZIN 6.7 x 1072, 100 s W24 1.9 x 107 LA 1000 s
PR 8.0 x 107", RESE FIE RO E 5 MR SR B IR . RE I AR IR .
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