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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
o U o0 U A O AR S BOR RO . 5
NAG T 0] 72 A FAIL B BE 17 {5 5 b 78 02 v A0 488
AR o B 2 s . R b — A E By
syt vE T VCSEL [ [ i iz 5 K [ Bz b
A4 B DR LS5, N 2Ca) iR L I VCSEL
VA A A A 2 W3 v B 3 ) R B L T

0206001-2



ARSI T R Y AR TR O 4 A BIUE S B AR AR

ASHE 5 Z I8 B e WA A O & an il 2 (b) iy
JR. 3T VCSEL M A8iE ol f2 2 JF @ 17 4080
T GBS Z m i sy 2 5 VCSEL () 8 iz
WK TE A B K I KRR S R B RR R B T A B
N, VCSEL #E ABIE J5 - VCSEL (13U 9k
50 A AT 5 WK 1 A AR FAOA0R T LA 7 A 0 4
o T AR iBt 2 I8 1 A 3R ) AT DA 2o R T AR TR S

@ )
Ay 4
A pid
P P
A P . A Pl N-order
| i i N-order sideband | i E sideband
[ 1 L. oo [ 1L,
L A o
P | P
resonance region of VCSEL resonance region of VCSEL

2 WEABESBREGEE . (¥F A VCSEL iR X 35
) N Bty s (b)#e VOSEL W g X i K 19 N B st e
Fig. 2 Frequency spectra of injection-lock process. (a)
N-order sideband in VCSEL resonance region;
(b) amplified N-order sideband in VCSEL

resonance region

5 VCSEL H f1iz # P i 22 5 3

3 RBEEHE R

FFHEABIE VCSEL fsLi R4 &l 3 A,
Forh Ah s T R 1 80O 28 (ECTL, Agilent 8164A) A1k
HiEAGESHTE., 2.5 Gb/s thBENLIBAE 5 RIS
(BERT) = A= s S0 ORI e e B 5 18 /K )
JE 2 (MZMD T 20005 . Wdxdfil s PCL
S R D A A5 DA 38 B e K IR A . 2R i Sy
AT (E 5 4B B4 K % (EDFA) i K )5
H1 AL PG B A (OT A 5 H17E A VCSEL #9615
SR, HEAGS AT 2 D AR AR
K VCSELCE{A HL R 3 mA) Hr, f = 45 il £ PC2
R #3 A VCSEL e Bk &5 . 67k b
ARG A BRI AE S e AT AR 3 ML &
EDFA UK )G H1 3 dB ¥4 4% 50 Jy W0 i . — B& DG
PRI 25 (PD) ¥ 4 5 S0 A5 5 )5 B i S AL (ESAD i
A AR R A M 75 0, D) — 6 3% 4 55 Ol 40 GHz
f9 6 H SR RE 7R I 8% (OSC, Agilent 86100A) W%}
A5 BIE.

BERT

microwave amplifier

PC1

* %CTL_M EEL

EDFA OTA circulator PC2

VCSEL

EDFA

ESA —*éPD

coupler

0SC

3 SLiEE{E S EA VCSEL

WOLAR 7 A BRSO R R 2 A

Fig. 3 System schematic of the injection of VCSEL laser with the amplitude modulation signal to generate

upconverison microwave signal
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