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Multi—-channelization down—conversion
technology based on phase-locked dual-optical frequency comb

YAO Jiatong', LI Baiyu', HAN Daming', WEI Wei*, DONG Yi'?

(1. State Key Lab of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong University,
Shanghai 200240, China; 2. School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: For stable broadband down conversion, this paper proposes a multi-channel broadband down-conversion scheme based
on phase-locked dual combs. The radio frequency signal from 0~11.3GHz is divided into 5 channels and down-converted to an
intermediate frequency signal with a frequency lower than 1.2GHz. The power of each channel is equalized, and the maximum
power deviation of the down-converted signal is about 1.5dB. The optical phase-locking technique ensures the stable and accurate

division of the down-conversion channels and reduces system noise. The phase noise of the down-converted signal is better than

-75dBc/Hz at 1kHz.

Key words: down-conversion; dual-optical frequency comb; optical phase-locked loop(OPLL)

05l&

B % 38 £ B AR 09 & | TGI8 S AR T v R B A
SMBUNEEA ) BRI R B A NTER AR
JIT 7 Ak B AR 5 AR AR AN BT 0, 28 I8 1) A e 7
AW T I B Ik e AL BR S B s A
BRI, PR 8 i B A5 5 (LA 35 86 ) 25 4T T 22450
[DEAELSSE N AT R P | A 3 B 5
T AR AL A #8 F AT N A T VR AR AR A
PR FRE R A 9 30 A FR = 5 € R I 32 07 %o 5 T

W fm HEA.2018-11-03,

EE BN Y (1994-) & WL AT A AE 10T 1]
FEIFBOHOE T2 5OCBIARE R IR EOL SR F AR
o T S8 AR S R AR B b 3 b A5 A 0 T RS AR A
AT EA R IRE RS

* BIS1EH B (Email: weiwei@bit.edu.cn) .

>

40 ABizaade 2019 15 4 1)

0 10 P B R 05 45 ] A [A] abe  2 XE LAl R H 4 R i
MR G 2R, B G T HOR AW K 8
JeT AN AT B A, S8 70 R DG T BRI
UFE RTINS FIT 1 P2 L 35k S B e T 7
Hh I B A R R A AT S8 R AR G i TR T ik
SCHLR I RER T 22 R SO 1 0 kO] T B A
R B R AR, SR, R 2 807 ik HBE IR B 242l 72
Bt M LA R AT S A A7 AR 48 A BRI R D A
LB AT LLSEBGE AT A2 A g OB
AR E AT 6 A B R

AR SCHE ol e T AR OUR R 2 A 1 R AR Ay

, S S a3 A 1 B A S O AR AR L AR
Fﬂ%ﬁ%%%hﬁ SR 5 BEAT AR, A
G 22 BURH AR DL eh 20 B9 06 2T 6 i AN SOG4 BT 5 |
N M P 00340 ] 36 5 ' B B A W R 2 — SO R
A X PR 22 R L [ 1 A% {10 T 30 2 P 0 o



fE s, DA Pt Bt 28 49 3 4
AR EE

T RIRAES
-

1 R

XL T 2545152 5 2 /
W 1R i 5 A ’ | b4
58 15 00 91 4 2 K 10 eyl i s
2, AR A B A [ R 2 B 1 Wi e F
BSR4 ER 15 5k e e
Wik AR, 5, 5 6, i Y%Wﬁ> 95
R 2 F R | | : f5%
(B 8, B AT 8., SHhifs [ R @ el
58 3o R 0 ) £ 0 7AqHz L B
BN, RO —— b
VRS TR, ARBAE | )
MAIE R, fEeem ks ] o

SOk R £, T T T T T T T T T T

AR 1 55— et [ S
SRR £, 5 k FES e
PR 7E R B R E
itjj :f.;ig(k):f;ig(l)"-(k_l)65ig;%
n FUAHR G AL R O 1) AR R
RN £,9=£,D+(n-1)8,, FHDEBIAAEAME 50
SR 11 56 — S I 5 A IR 6 AT AR 1) B — SRR O e
B AR 22 £, WX T4 k BUES JeM Mg 6 55
k BRI A T 5, 2577 E £k (k=1) (8,~84,) 1
W 2 BRI A T A A D I U R OR [R] Y
AR A V5 AN LG T B A5 55 0 0 S AU SR R AT A
A4S BN A MS 0 rh S S i v R DR —
AT S AR 5 (0 AS ) 40 3 B DA 22 3l 3 1Y) TE AR A
FRAET R 54 308 38 11 B P 1 S AL 5 EA T T AR AR

R R AIE 3E T 2 [R] B T 4 AT | AR E B T A,
IO Ry 33 P 2 A AR 0 45 5 2

AI): 8]0_8sig ( 1 )
RS T4 N, F ARy - 5, S |

T8 kA P BN S 5 R f,
oF
fom a+<k—1><8h—6%>—f§L,
ﬁ+<k—1><ah—6%>+f§L 2)

A (2) R W PRAE SR — X XOEHR A 18] 549 55 22 O [ 7 45
28 £, A4 P LAORIE T T8 A9 RS B AR E R, A7 5P

IR B

R &

kA% @@ \\

AHEEF \

T
< -’\/

IRIE IR F

EOMAEAE | = 7/

~mN—_— e T T T T T T T e e —

B2 WARTEMELWERE

FDCHAREOAR SEBIZ H AR, A5 5 6 MA R e Af £ 48
SE VTSR0 2 AT LUK E Hu -5 AR PROL R 1A 41 45 7+ 2
S S . b, 2 AN B A BUE i AT AR i 20 25Ol
2T G % FNIHOE AR BT 5 LA R RS | AT ik — 2 S T AR
RS B B

2 XWEE

SEYG A E A 2 R, ER A [ R A i BIK Bl 4 1k
F14) 58 JEE R S 25 R AE A7 98 o 2% 7 AR 452 8] B Ol 25GHe
(45 55 AR AR B B ok 27.4GHz W A 3R S A0 i
W 3 SE 98 R 2.4GHz, S 5 30 1 B k- R
R ] 8 VR ) B SO I R — AR ARG L 2 BB
it 3 03 3 48 BT R 25 (EDFA ) S5 88 5% T 5 11 i
K, 28 HH B I 6 (AW G ) S8 3005 5 6 45 At A
AR PRI Y J I IR I A B8 R Ah 25 TR R 52
X2 — A SOk A ER — S AR IR B A 1A 18] A4 4
ZENE RS £ 0 H B A4 8 T R Rl 4y 28
T AN AR EE N B Sl e R A S (1
Q) B2 B HL I 45 Ry T AR B IS 19 A 5

J6 B A 3F SR S00MHz 7 % B 4 2% (AOFS)
HIE L % (PZT) 9K 8l 4 WUER B A 7 vk . Ol s 45

2019 455 4 RBIEEF (D



&3 43 i

WEAEFE A T Rk W] AR L R T RURDBOG AR 19 258 3 R L A

108 -104 10 [|| = * 41
) 20 F A\ — R 4iAA2 N
E 30 b E 30 F E .10 b M= 500MHz4)i{#48
2 40} 540 8 5l
; -50 w07 ;r -
® 60F ®LOF \ w50 b,
270 =70 | |
. “ JM'R'L/ ' - . K344 T 400kHzZ
1549.0 1549.5 15500 1550.5 1549.0 1549.5 15500 1550.5 499 550 501
KK (nm) KK (nm) ME (MHz)

(a) AIRCHH
B 3 Skl sma St ik B

i (PD)3RAT 2 AEH o — S BRI 5 5 )5 |, 2
A RIS 5 NS H 5 S WMAR 2z, M, %
TR 22 5 0 A [R] B4 A 3 20 9 8 23 1) 2 A i e A o
O AE 5 — H BE A RIS T 9K B R g
YOI A BE WS PR SH B BR A O 4 20, BB A 22 BlUE 1
500MHz, 73— BaE AN PR 5d i i v B 8 12 i O L #s
R BRER 2 Ak AR RS

3XWHER
3.1 BEMBIELER

Bl 3 (a) R 3 (b) 43l Sy S A 4 56 450 A F 5 5
TR GG, 3dB A TE N R A R S B R T
250 1.2dBm, =0 (2) AT AL 55 5 38 38 2 U 5
FlA 8.9~11.3GHz, A A S5 b o] B2 40U A 5 1)
e RAE R 11.3GHz, FI 38 33 38 fin AH A7 8 i 5 (%) 5K 3l 2
Ry AL L2 BT T O O U S BT L

SRR 2 H O AR AN RS FRATTT 2
B AH 25 500MHz 19 55 — S Bt X A7 4 e i 1 4
J& 500MHz 045 i BiAHRT 5 B0 LI, B b R 7R
55— N AR SO I 5 X A 22 S00MHz 1Y A 4k
JERL VT B IS RS 1 T LA A S P B e 2
h 400kHz,, 52 FIAF Lk Ry > 2 SOGHI A A BORH s 411450
WS R , oT LUE i TR I BIA | BORER AR
AR | PRI 22 v I i A R 1 40 4001 5 A3 1l it
Forp O AN 8 E | i 2(2) T 01 I I 38 3 Y8 46 107
BRSO | FR G A R A3t TG R
17, X AT DU 38 GBI B O T — Sk
P 14 091 22 [8] 22 6 SO0MHz, M T ARIIE T % 4t 3 X
SRR E M O 2 E T ARSI L S0 SRl [WIE B
A T T 19 A 7 R 7 7E B A 5 P9 A B B R
A o WA B R BEAK T R o B G £ B I RN O AR
Fral AR

N

(b) 75 usih

B 4 WA E a3t
IS S B B S B STE 3 b B

32 BEES T MR

SRR AR R G AR e M AT TR
SR, B S (a) KAWEETE 1N S10MHz,
530MHz L9 15 5 X W T 2245245 10MHz #1 30MHz 5
AT A M BB S (b) s E 2 N 1.9GHz,
2GHz H.9% 15 5 X B T 48 45 4 200MHz #1 300MHz .
TR T AL S K], W] DU R AR A 2 A b
BE A R ELA AR KOT B A Mg | LA e i 1 e
IEEF=S0 N = S R ol s Gl ok el ATy i L e
SR 1A AT AR AL B LA AS: 1 R L0 5 10 A A7 Mg
7 L2 B 2 T SR AL 5 A AR AN [ i s A R[]

0 ‘
—— 510MHz-10MHz] |
20 —— 530MHz-30MHz ||
N
T 40
=
Z 60 hi
N
* 80 \\
% 00 b \\
_120 nl 14 1
1 10 10° 10° 10 10° 10°
& (MHz)
(a) W 1 NG5 T AR 550H 7 M s ]
0 : :
N —— 1.9MHz-200MHz
20 —— 2MHz-300MHz
N
T a0t
m
o
= 60
N
80
1’—{ - \_’_\\
& 100 | st
-120 . . .
1 10! 10 10° 10 10° 10°
ME (MHz)

(b) WIE 2 PWIES T AR TR {57 e 7 &

B 5 TEMESHEMLBRE

49 ABmizas e 2019 455 4 1]

e



&3 43 i

3.3 T 4718 T M Kz

HEAT e (55 T AR FRATAH R AR 4545 5 10
DB SR F A 28 G0 453 16 e 0L (9 e M, BRARL Y
TE A S [0 2 b 1 AR T B IR DA AR IE T AR A
SSE R AR N TR G v IR Oy i A
PG W (15 5 63 & 5 LR AT F 8 | AT AR
RE, L X S, AJr St 1/Q i I8 R fif iz ) i

I E 3 ORI E 4 (9T A8 0 TE e A0 6 TR
TELR R A SR D) R AR S BT, L 100MHz A [A]
B SE T 3 WAE 4 F ARSI AR S TR, EiE 3 1
SEAE S G R 4.1~6.5GHz, S Frill &35 F A 3.4~
7.2GHz; 818 4 0505 535 B8 6.5~8.9GHz, 5 bR
N 5.8~9.6GHz, L5645 5 /R T A8 4 38 18 2 R
Bt RA4r, B M E S s KR 24 h
1.5dBm ; XF S 5 {5 5 1 i o7 S AR B i 1E B0 M 3 1Y)
TR BRI T PD BN TE R G v
15 5 W) o7 1 R M PR IE T 28 Ge X 5 S ALA 5 1 G
BN, BME B SE B

A
o1 [ 11 —
at . Mg umm ® — EH
= a¥ LM W\ .
g 2L [ 1 1™ /| g -
g -,/ " \/ /. \/.
- 5L L LI | \
# []
® | 2.4GHz | .
5 . . A Ly
-2 -1 0 1 2
ME (kHz)
(a) i 3
A
ol — R
— 3R
-1 .
E /"y m
8 2 /..\".. LAV ol LLN, n
< 4 . n " )
w20 ﬁ
® - 2.4GHz ‘
Tal [k o -
[
-5 1 1 n .
-2 -1 0 1 2
A% (kHz)
(b) HIE 4
B 6 T34 E f i T N RZ
4 GERE

AR SCHRE T BT U RO A Y 238 E T AR AR
%, LR T 0~11.3GHz 3 [l 00 {5 5 LA 5 i 18
(AR TR AR RN AR AR T 1.2GHz WP E 5, it
o7 FH O B B AR B A T R A i kR e v, AR A

WRAESE 28 5 SRR W] A5 B T I RO G I 1 223 18 T A8 BB R

400kHz ¥R #4156 9 BH 4 1 T S00MHz 153 1% 1) AH
LM R AR S 0 FOAE S FE 1kHz A A 57 B 7 AR
T-75dBc/Hz, BARGF RS E PE e A1 | 228 51388 7 i)
NP3 g5 R ) R A 25 29 R 1.5dBm, PRIE T X 58 15
S OC R TR L T AR AT AR

S 30K .

[1] CHANG K. RF and microwave wireless systems [M]. ,New York: John
Wiley & Sons, 2004.

[2] WIBERG A O J, ESMAN D J, LIU L, et al. Coherent filterless
wideband microwave/millimeter-wave channelizer based on broadband
parametric mixers [J]. Journal of Lightwave Technology, 2014, 32 (20):
3609-3617.

[3] ESMAN D J, ATAIE V, KUO B P P, et al. Comb-Assisted
Cyclostationary Analysis of Wideband RF Signals[J]. Journal of Lightwave
Technology, 2017, 35(17): 3705-3712.

[4] CAPMANY J, MORA J, GASULLA 1, et al. Microwave photonic signal
processing[J]. Journal of Lightwave Technology, 2013, 31(4): 571-586.

[5] WILLIAM S C Chang. RF photonic technology in optical fiber links
[M]. Cambs: Cambridge University Press, 2007.

[6] GOPALAKRISHNAN G K, BURNS W K, BULMER C H. Microwave-
optical mixing in LiNbO/sub 3/modulators [J]. IEEE Transactions on
Microwave Theory and Techniques, 1993, 41(12): 2383-2391.

[7] JUODAWLKIS P W, HARGREAVES J J, YOUNGER R D, et al.
Optical down-sampling of wide-band microwave signals [J]. Journal of
Lightwave Technology, 2003, 21(12): 3116-3124.

[8] TANG Z, ZHANG F, PAN S. Photonic microwave downconverter based
on an optoelectronic oscillator using a single dual-drive Mach-Zehnder
modulator[J]. Optics express, 2014, 22(1): 305-310.

[9] URICK V J, ROGGE M S, BUCHOLTZ F, et al. The performance of
analog photonic links employing highly compressed erbium-doped fiber
amplifiers[J]. IEEE transactions on microwave theory and techniques, 2006,
54(7): 3141-3145.

[10] WILLIAMS K J, ESMAN R D. Optically amplified downconverting
link with shot-noise-limited performance [J]. IEEE Photonics Technology
Letters, 1996, 8(1): 148-150.

[11] XIE X, DAI Y, JI Y, et al. Broadband photonic radio-frequency
channelization based on a 39GHz optical frequency comb [J]. IEEE
Photonics Technology Letters, 2012, 24(8): 661-663.

[12] HAO W, DAI Y, ZHOU Y, et al. Coherent wideband microwave
channelizer based on dual optical frequency combs [C]/2016 IEEE
Avionics and Vehicle Fiber-Optics and Photonics Conference (AVFOP),
Oct. 31-Nov. 3, 2016, Long Beach, USA. Long Beach: IEEE, 2016.

[13] LI B, XIE W, WEI W, et al. High-Efficiency Broadband Remote RF
Signal Down-Conversion Based on Sideband Optical Phase-Locked Loop
[C]//2018 European Conference on Optical Communication (ECOC), Sept.
23-27,2018, Roma, Italy. Roma: IEEE, 2018.

[14] DING D, XU L, LI Y. Stability, Noise, and Nonlinear Distortion
Analysis of a Sampling OPLL [J]. Journal of Lightwave Technology, 2018,
36(13): 2783-2790.

20194648 4 RAIEH A 1O



