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Modulation instability of silicon optical waveguide considering
linear loss and biphotonic absorption
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Abstract: Taking into account the linear loss and biphotonic absorption effect of silicon-on-insulator ( SOl1) waveguide
simultaneously, condition and gain spectra of modulation instability ( MI) induced by combined effects of self-phase modulation
and waveguide dispersions were investigated. Formulation for calculating the gain of MI was deduced theoretically, and
expressions of peak gain, peak gain frequency and bandwidth of modulation instability were obtained as well. Impacts of various
parameters on gain spectra of MI were analyzed theoretically and simulated in detail. Both theoretical analysis and simulation
show that strong MI takes place even in the existence of low light power. The peak gain of MI is 2 ta 3 orders of magnitude larger
than that achieved in optical fibers with the same lightspéwer. Both peak gain frequency and bandwidth of gain spectra of MI are
decreased exponentially with linear loss of waveguide, and peak gain is decreased exponentially with bi-photonic absorption of
waveguide as well. The work provides an important reference for experimentally investigating modulation instability and
supercontinuum generation in silicon waveguide.
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Fig. 1 a—gain spectra of modulation instability under different light power

b—figure of peak frequency and bandwidth vary with light power

ME 1a & 1b 0T LAE H, BIfEESS BTh R T
(JUT2TE) , SOl i T 75 A 7 AR sk 2 0 1R 1) R Fa 8
MBS, o 25 R A IR U T ORE A R 10° ~ 10°
8517, 552% SCHR(8 ] BT R E I SE B 45 A — 3,
XA SOI i 7 1) ol 200 DK 45 #h) 0 8 388 O 24 SRR
FERE TR R, N RABILA L M, Wi
HLBE SaRk i B0 56 D SR R 0, PR AR PR AR
FHBUREN, R I A 45 R W (H Y A5 (1 22 SO ANl
a5 OREREE K roC TR misg m. 2R N
ek hTh R B 4 A SR AR LR PE RO, AT 5
L b CU LR WS Vi o
2.2 SREIRAERT I 55 i A RS NG

TEAMRRE R I —E B, I 2 P R B RERE 1%
W EE B N I I L et . B 2a & 2b 4
TR AR E MR 1 0 A B A o R
FEAS AR A SR R A R R R B AR (B £k

o

10,
< 5 ————0.010
g ; =——=0.01
Eoly §$
. Seissz====0 T o
o Y S=SSSseoe==—— 0.005 §§
0.000 £z
0 1 2 3 & 35 6 7 & 87
pertubation frequency Q/THz
5% 6
N
T \ JsEN
E 4 58 T
S0
£ 1, lisS
£S5 +
geo2 B5E
g.g o 8
g1 2§ %
&

. N 1
0.000 0.002 0.004 0.006 0.008 0.010
propagation distance z/m

Fig.2 a—dynamic evolution of gain spectra via propagation distance

b—peak frequency and bandwidth vary with propagation distance
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Fig.3 a—gain spectra of modulation instability under different biphotonic
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