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Upconversion by Vertical Cavity Surface Emitting

Laser Injection Locking
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Abstract A microwave photon upconversion scheme based on a vertical cavity surface emitting laser (VCSEL)
without local oscillator is proposed. The relatively low pseudo-random baseband signal is injected into the VCSEL
microwave signal

and the higher harmonics of the injected signal is used to lock the VCSEL. The injection-locked laser wavelength
beats coherently with the original optical signal in the cavity which generates the upconverting amplitude modulated
|~

In the experiment, 2.5 Gb/s nonreturn-to-zero code intensity modulated signal is used to inject-
lock the VCSEL, which achieves a carrier frequency of 14. 3 GHz microwave photon upconversion without local
feasibility of the scheme is verified. The bit error rate performance of the system is analyzed, and system
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oscillator, and the carrier phase noise is —81 dBc¢/Hz at 10 kHz frequency deviation. Furthermore, modulation of
VCSEL without microwave local oscillator, which provides a low cost solution idea for the wireless-optical hybrid

7.5~23 GHz carrier frequency can be achieved by adjusting the wavelength and power of injection signal

consideration is 1.4 dB. The result shows that the upconversion signal can be achieved by only using the inexpensive
access network photon microwave signal generation technique
emitting laser

and the
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Fig. 1 Diagram of modulated signal spectrum broadening
process. (a) Modulated signal spectrum before
injection; (b) spectrum after VCSEL nonlinear
broadening
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Fig. 2 Frequency spectra of injection-lock process. (a)
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Fig. 3 System schematic of the injection of VCSEL laser with the amplitude modulation signal to generate

upconverison microwave signal
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Fig.4 (a) VCSEL spectrum; (b) combined spectrum of VCSEL and injected singals when the frequency of locked signal is 14. 3 GHz
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Modulated signal and signal spectrum. (a) 2.5 GHz modulated signal; (b) power spectrum of the modulated
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(¢) 14. 3 GHz microwave signal; (d) phase-noise of the 14. 3 GHz microwave signal
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Fig. 7 7.5 GHz upconverted signal with higher stability. (a) 7.5 GHz microwave signal; (b) 7.5 GHz microwave

signal spectrum; (c¢) phase noise of the 7. 5 GHz microwave signal
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Fig. 8 Upconverted signals with higher carrier frequencies. (a) 15.7 GHz microwave signal; (b) 15.7 GHz microwave

signal spectrum; (c¢) 22.9 GHz microwave signal; (d) 22.9 GHz microwave signal spectrum

0206001-5




2 i

T L AR A S O RN T AT L SE AN ) 2
PR AR . PR A R 1536, 63 nm, 1
AY)#N 5.3 dBm, °] A4S B LM 7.5 GHz
1 AR AR A 5 B A5 B Y AR S B
BIENE 7 Ca) FrR , b ARB5AE 5 1) F 3 FRE o7 1 7
Bk BN E 7 () L (o) B % o AT LA 5 1 s A8 45
57 10 kHz By A7 M7 i — 85 dBe/Hz,

WK ARG S5 VCSEL B8 3 K 1 ik K
() B T A5 1) B ey I A R ) AR S PR
AP KR 1536. 70 nm, JEA I Z K 7.3 dBm, 1] L
RIS E K 15. 7 GHz 19 L AR Fi i I (5 5 (5
S AT B AN B A 3 &L 23 50 G R 8 (ad L (b) BFR
HE— 2D PR A MG S K 1536, 77 nm, fREFTEA
SR, /] ISR R R 22. 9 GHz 1
T ARRE AT T AT 04 TR T R ) 1 B A3 )
mE 8Ce) (D PR,

WA R T 43 A L AR A R e PR AR L X i R G ik
1T TR A4 W& 9 Fros . X H R IR A5 5 iR i
(BER) 1 7.5 GHz I A8 Jii {5 5 B i 8 5 5 1) 1R 5
RO LUA H - ik i ABUE B R GG - 76 A R R
R EMET , BARES W RERERE SRS
104 dBL B EARSR G AT T 1.4 dB 4R
XFE 7.5 GHz FAR{5 %55 15. 7 GHz FARfE 5
g VLA 5 B R AT DL S 3 AT 2 A
T 0.2 dB AR . MIRAD F A S0 M 0] LLE %
ABE EASR R G AT 1.4 dB A I A8 B AT
SERL AR AR, BRI % 22 [ AR 2276 0.5 dB LU
T MEEERZE R AT LUE ) RS iR SRR R4 D
RMNAIL, B R0 RGP

B9 RS BT
Fig. 9 BER analysis
4 Zf jfo
P T —Bh R TR ABIUE BOR AR A AR R B

B VCSEL #OL AR AR 13 EAZ 3T % .
U 21 10 R R A DI A T A T R T S B
PR B, SR . SEE T BB R AE 7. 5~
23 GHzy [ 7 B AR FE R R G kAT T
DA% R UE ] T RS R AR RE M JT R Rl AT
Pho %7 R BA MRBAS ARG L B A T R 3 )
DL G- TIE IR S A M A5 5 17 AR S it
T Bl ATAT AR AR i R T 5

Z F X

1B Wu, J Yu, Z Zhang, et al.. A novel and tunable frequency
upconversion based on FP-LD injectiong of one low bit-rate signal
without any RF local oscillator [J]. TEEE Photon Technol Lett,
2010, 22(14) . 1027—1029.

2 M Galili, H C H Mulvad, L Gruner-Nielsen, e al.. 640 Gb/s
optical wavelength conversion using FWM in a polarization
maintaining HNLF [C]. ECOC, 2008, 2; 110—112.

3 Guo Jingzhong, Yu Jinlong, Wang Wenrui, e al.. Research on

all-optical wavelength conversion based on FP-LD mode

competition [J]. Acta Optica Sinica, 2011, 31(10): 1006004.

SR, T e, EOCE. 5. BT FP-LD 58 S AL 3 ) 4

JeP A AR HBFSELT]. S6EE MR, 2011, 31(10): 1006004,

Guo Jingzhong, Yu Jinlong, Wang Wenrui, e al.. Optical

S

frequency up-conversion by injection locking semiconductor laser
with modulated baseband signal [J]. Chinese ] Lasers, 2012, 39
(2): 0205003.

SRR, FE R, E3CE. & FITT BRAGS T ABE RS
O AR R A B AR BUE S MBS )], P EBOL. 2012, 39
(2): 0205003.

Wang Wenrui, Yu Jinlong, Wu Bo, et al.. Novel radio over fiber

o

frequency up-conversion in millimeter wave band [J]. Chinese J
Lasers, 2011, 38(3). 0305005.

EXE, THERE. R B FOFBEARZEARPOLT L F
B RSEL]]. R EREOG. 2011, 38(3): 0305005,

6 Y Seo, C Choi, W Choi. All optical signal up-conversion for radio
on fiber applications using cross gain modulation in semiconductor
optical amplifiers [J]. IEEE Photon Technol Lett, 2002, 14
(10): 1448—1450.

7 S Fu, W Zhong, P Shum, & al.. Simultaneous multichannel
photonic up-conversion based on nonlinear polarization rotation of
an SOA for radio over fiber systems [J]. IEEE Photon Technol
Lett, 2009, 21(9): 563—565.

8 S P Chul, Y Guo. Y Yoe. Fiber optic 60 GHz wireless downlink
using cross absorption modulation in an EAM [J]. IEEE Photon
Technol Lett, 2008, 20(8): 557—559.

9 M I Memon, G Mezosi. Bei Li, e al.. Generation and
modulation of tunable mm-wave optical signals using semicon-
ductor ring laser [J]. IEEE Photon Technol Lett, 2009, 21(11);
733—1735.

10 Yang Bingxing, Xia Guanggiong, Lin Xiaodong, e al..
Polarization switching performance of VCSEL subjected to optical
pulse injection [J]. Acta Physica Sinica, 2009, 58(3): 1480 —
1483.

Ml A . B6BE, AR . & Sk AT VCSEL ) i ik 71
KR LT, WE2EdR . 2009, 58(3): 1480—1483.

11 Lin Hongrong, Li Lijun, Chi Xiaoling, e al.. Self-phase
modulation in gain saturated semiconductor optical amplifier [ J].
Chinese ] Quantum Electronics, 2002, 19(4): 295—300.
MRUEAE . ERNZE, BB . S WSS SR OGRS T
BARAL A HIBOM LT ]. & F R F54R, 2002, 19(4): 295—300.

ZBHE: £ M

0206001-6



