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Abstract: We propose a novel injection-locked OptoElectronic Oscillator (OEO) with ultralow phase noise
based on two cascaded phase modulators, which is further applied to construct a frequency synthesizer. Thanks
to the phase modulation, the output optical spectrum expands and the optical power keeps constant while
passing through the optical fiber, which dramatically reduces the intensity noise induced by the nonlinear
effects of the optical fiber. A dual-output MZI together with a balanced optical detector realizes the phase
modulation to intensity modulation conversion and improves the signal to noise ratio of the OEO. The output
frequency of the proposed OEO is 9.9999914 GHz with its sidemode suppression ratio larger than 85 dB, and
the phase noise reaches —153.1 dBc/Hz at 10 kHz frequency offset which is 38.7 dB lower than that of Keysight
E8257D. Moreover, a broadband, high performance frequency synthesizer is established based on the proposed
OEO. Combining the DDS and PLL technologies, the proposed frequency synthesizer can cover 5.9~12.9 GHz
range. The phase noise is around ~130 dBc/Hz@10 kHz, the spur suppression ratio is better than 65 dB, and
the frequency hopping time is less than 1.48 ps.
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Fig. 1 Configuration of the injection-locked OEO based on the

cascaded phase modulators
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Fig. 2 Output results of the proposed OEO
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Fig. 4 Configuration of the frequency synthesizer based on the ultra-low phase noise OEO



2 4

RS SRR R s S R SR G BRI 7 247

HHAEDDS K42 2 i ol . DD S 4 H 47 2 38
g, ATSEIN0.2~1.2 GHz KSR i H .
DD SHi 5 5 5 5k E #1190 R AE 5 B ROR
B, AR 100 MHz G S, H5CEK
J FLIR 5 B3 1004k 73 A G (A5 5 — i f N\ 22 %5 AH
Y445 H (Phase-Frequency Detector, PFD).
PED#i th iR 215 5 2 B 45 56 81 MHz R R B IE R
#% (Loop Filter, LF)#2H, JFRBEVCO, AT
FKRaEmsl, M sSEHVCOEIOEO M AMALE E .
MEAIR R IG, VCOR i H A% 48.9~9.9 GHz
MfES. R, Bk vcom s S 50E0M
1070515 5 41 GHz, 2 GHzEL3 GHzH 7347 8 7E
TRATAS SALIR AN, SEHANZE 5.9~12.9 GHzAEE
i o

AN, ST SEIIE AT Y R PN AT ) R )
e, RGG|INGHHIFR(SWL, SW2, SW3&SW4),
HE I FPGAXT H s dh] . B AL RGEH 5N
T 2RI, IR AR BB R
LI O R, DR SRR AS 5 B g 5N N
500 MHz 77 @ IE P 24541 (BPF Group) Xt 44 8f5 5
BEATUERR, MHIRRAE S E. ARGuEL 5
A BAR A M S SRR, AT LIS £ A B
FHEAR 6 A 230 22 50 DR ARG 3 G A A7 M 75 (1) %
BUEAL, IIERIE T RSG5 st aeH i .

4 B RERSDR

BT EAPT R, FE T T AR o N
FOEOMMME LA M ARG, HPHOEOKRMETH
BXPMAJTE N B E BR300 5 3 N R (]
$1(9.9999914 GHz). OEOH ¥t %% (Emcore
1782) 5 H I K N 1550.2 nm,  HiHEThE N20 dBm.
W FOCL RO LE, KAUNG652D, B E A
N9.3 pme KL KEL N4 km HIENZE L)
JEDNFLIN 13 dBme NIRUETENAG S ARG AR
Vit AV 7P 3 RS, Y E N T 2K T 15 dBm,

)% (dBm)

A% (MHz)

(a) i

(a) Electrical spectrum

Xt LA 5 A AL I A 118 dBe/Hz @1 kHzLA K
~122 dBc/Hz @10 kHz. M4, ZMRLGEE RGE
ER A VCO(Hittite-HMC511), DDS(ADI-
AD9914), PFD(Hittile-HMC439), 4r4li#s, W
a5, MRREFSBOREE, Mgy, Tha SRS
K&, SR, SR AHMEE S T (FSWP-50,
R&S) % 91 #5545 5 W A3 AAH AL e 75 2R 4T 29
Br, A A 92 7R 9% 28 (Keysight DSOX93304, KFE
280 GSa/s) W EIIE 5 AT KAEE 4T

N T WA PLE T HIEPMEABUEOEO NS
IR, BAHEVCOM M H(E SR, MITDDSZ
¥, 8 HHH599.9914 MHz(5 5 T VCORI %M
$h5, MMEVCOHH9.4 CHzIRMM 55, HAl
i E5 (a) s . HES(a) A, VCORIIF=4
THIER N4 GHzI M E S, HABD | L7
10.0 MHz AR Z 0 Bl N 1L $74.3 dB. 7 EE R
J&, 1£9.4 GHzHi 2 A K 291 MHz A H A
B S A2, %R R AL 2K R B 91 MHz
AR GI N A, ARSCIEXTVCO%HI 9.4 GHz
G T AR A BEAT T 40, B5(b) 45 T BT
VCO¥i thAHME th 26 (BB 4R), BiAHE VCOHI H AR
2k (£148) LA KX OEOAE 5 I AHME it 26 (15 48) . tHE]
ATE, U S S S A AL S TET kHZ 10 kHz
BifwAL 5> 5 ~-115.3 dBe/HzA1-130.7 dBc/Hz, Lt
BE WIS 5 AR AL EE A 43 5] 4IK65.2 dBFI47.3 dB,
FHVCOH 5 5B Z OEO J& AH A7 M 5 LA A1
HiA TIOR8, [ERERERNZE, BiMEEVCO
5 5 B AH AL 7 AH 6T OB O AH M AT SR A5 e K 1 22
PH, 71 kHzA110 kHz8 4k b OEO AR AL 75 4y
11,9 dBHI22.4 dB, HEZEFERIETVCOATE
M A5 . DDSARE M 5 B AR FR T A 75 (1) M IS L
OEOM MK B imy . Nk — BRIV COHm 5 5 1)
FHALME S, ] I 5] N TEAR AR AE B S TV CO A
DDS, FARAEUHIR A PR

20T URTVCOsIE T
~ 40 (9.4 GHz)
S _ 4
B SRV COM
= 80 | (9.4 GHz)

"o . R

& -120 N

= 1 B L |
140 | el
-160 :

100 1k 10k 100k
A (MHz)
(b) AR{LIE

(b) Phase noise spectrum

5 VCO%i A ~9.4 GHzf5 5 145 R
Fig. 5 Output results of the 9.4 GHz signal generated by the VCO



248 %Ok

¥k

ERE

MARDDSH R, VCOM iR ki
. E6 N VCOH HAE TR N8.9~9.9 GHz.
B HE 0.1 GHz I AH A7 M 75 A A SO . i

AR (130 dBe/Hz e 4, F£HVCOBIA £
KAHBEOEO G Sk 3l 1 %547 . IRAHME(E 5 17 4
K16(b) NV CO%i &5 B A& B g oL, B
AHL, ST AR EEHI LK T 70 dB, BWHHIZ R
Gt HA Ak A0

BT VCOH th SR JEEAA MR, NitE—2h
JR IR LRE RS ARG L, VCOR i th
55 5 OEOM1040 95 [ B I 73 & (43 81 GHe,
2 GHz, 3 GHz)#HTIRA, MIMSEI 15.9~12.9 GHz
PISEG s, HaRWE TR E7(a) AR
AR ES REREFEN5.9~12.9 GHz.
N1 GHzE O TR A 2k . BT (a) ]
A, BRCES RGNS T RIA AL A £E5.9~12.9
GHzJE B A B A — 8k, HLAE 45w Ak AH XS T
VCOBASET . E7(b) T TIEZMMELEE RG]
FEAFAIR R 10 kH A0 i b 1) AH A7 M 75 4R 2 150
PHEEDL . AR, H10 KHzHw b AL e 75 7E
5.9~12.9 GHz i [l A ¥ 1125 dBc/Hz, HAKHE
F|-135 dBc/Hz, K% RGIEE K TAEMZ ]
NAIIR R ARFFIRAR AL M P R S . (AR

&, iR S B R B LB AR AE65~70 dB
JEH AL, LLIE6(b) AL 15 dBAE A, EE R
TE TR R AR 2R, WA M55 R & Ak
ZAW R, Bl T RGN EERE . 1AL, BRI
REEE RGN BN A 3E47 7 04, i El7(c)fr
N, M9.04 GHz#19.02 GHz KBk 8% T
1.48 ps, RUIZRGEA POR B AEGE -
5 LHRIE

AL —Fh T IR PM AJ7E N8 E OEO K&
HIMRGE RG. ZOEOF| AL H 4 H e (5
SEAGETE . ThERMEE RS, FRIK TR
AR BB 5] N TRy FE MR 7S o 3R] XU HE MZTZ)
R BP D (1) 45 #4530 AE 57 1 i) 380 56 55 9 o) 1) 2 4 3
BRERE T RGENERL. AT ROLERSES
(AR H, RAEPMIFEAS ST, 52
W7ENSEOEO, Hi A 49.9999914
GHz, HAMHAIMEFE 55 N-127.2 dBc/HzQ
1 kHz#1-153.1 dBc/Hz@10 kHz, ttKeysight
E8257DAEA [FIH i« AH R4 Ak 7 1) 1522.2 dBAH
38.7 dB, HAMCAMHAMESRE. thAlh, A0k
BT b AR AL R OEOM B T — AN i iy
WMFRLEE RS ZIMFELE RS K HDDSHPLLIE
HHA, LA TVCOBMEOEOH, i
8.9~9.9 GHz{5 5, HAHLIM: R LRRF{E-130 dBc/Hz@

~ ~110 .
= m 90
3 -120 =
o) RN}
= 130 b =%
Hg‘@ E 70 oo~
= -140
2" |
E 150 S S S S S R 60 S S S S S S SR
89 90 9.1 92 93 94 95 96 9.7 98 99 89 9.0 9.1 92 93 94 95 9.6 9.7 9.8 99
5% (GHz) HiF (GHz)
(a) AL 1 5L (b) A& 5L
(a) Phase noise values (b) Spur suppression ratios
K 6 S G R 98.9~9.9 GHzI 1L
Fig. 6 Frequency synthesyzing performance within 8.9~9.9 GHz
0 =50 GHz _=9.9 CHy 80 o 9.04 b
S0 g =6.9 GHz =10.9 GHz = = |
T =79 GHz =119 GHz g7 L (U Lag s
B g [ty 89 GHz =129 GHz = 2 = A8psi| o
= 60 [ R V(O = 70 120 & 2 9.03 i
-80 + VCO o = - v
g SV wws gL \\//A\\ Eow
= 1 Lo\ £ X
IO S S = z 0 T
Z & N \D\“/a{;' Z ’
= 140 z | =
: 60 b T : : Lo :
100 1k 10k 100k 1M 6 7 8 9 11 12 0 2 4 6 8 10
Hi#% (Hz) Hi% (GHz) A (ps)

(a) RIFHE T AR B i

(a) Phase noise spectra

(b) TR 0 5 AT 7

(b) Spur suppression ratios and the phase noise values

(c) BT a)
(c) Frequency hopping time

7 IR R4 5.9~12.9 GHz ML
Fig. 7 Frequency synthesyzing performance within 5.9~12.9 GHz
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