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Vertical Cavity Semiconductor
Amplifiers (VCSOASs)

« Compact size

« High coupling eff|C|ency to
fiber

* Insensitive to polarlzatlon
* Low noise figure
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Important Properties of VC

Amplifier gain (higher is better)
Saturation output power (higher is better)
« Gain bandwidth (larger is better)

* Noise figure (lower is better)




Limitation of conventional
Large-area VCSOAs

* Higher saturation output power =»

« Larger diameter =

« Unstable output signal (multi-transverse mode
output)

Fundamental First Order Transverse
Transverse Mode Mode
LPy, LPy,



Anti-Resonant Reflecting Optical Wave
(ARROW)
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« Fundamental mode: fulfill anti-resonant condition =
minimum radiation loss = maintained

 Other modes: Not fulfill anti-resonant condition =»
significant radiation loss =» suppressed
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ARROW VCSOAs

e Use ARROW to suppress the high-order transverse
modes of VCSOAs to maintain the single-spot sign
output when increasing the device diameter to obtai
higher saturation output power.
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Transverse Optical Field

vy = EH" (B )+ E-HP (B, )lcos(md)
w1 =|E H(”(,B )+E H(z)( mlr)]sm(m¢)

1+:E1_

oy ,
=10

or 0 =
=
= + + + + +
S|\EMEJE E i Eva| E ©
b5 1 2 3 l +1 N
o | — | — |— —_— | — —
©
2 e e
= - e
= = _ — = - N-1 N
&EIEZ E3 Ei El+1
&
? n, | n, | 1 n; 154 nN_p
A 1 2 3 1 i+1 N-1 N
/ 1,=0r, Iy I I I IN

Centr

®




Amplifier Equations

e Reflection gain (special transverse field in ARROW >
average(gain along the tSZansverse direction):

TR, ~Re (gt ) SRR (2 i 0
e ( = \/ﬁ<gém1>)z + 4R, R, <g;’m1>sin O

e Rate equation for photon density (radiation losses exist
in ARROW = inclusion of radiation losses in equations)
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e Rate equation for carrier concentration:
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e Refractive index changes due to spatial hole burning
(SHB) and thermal lensing:
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ARROW VCSOA

Fundamental
GI‘,OI mode
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Amplifier gain versus (a) input signal wavelength and, (b) pump current of an ARROW
VCSOA with d; =12 pm, s = 2.89 pm, d, = 6pm.




Conventional VCSOA
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1st order mode m&de

,01 -
o | Gy, [ P01 40

40

m
=
i
> Grn(gon)
O r , r ——“, O - T T T 1
1318 1319 1320 0.6 0.8 1.0
Ao (nm) J ()

Amplifier gain versus (a) input signal wavelength and, (b) pump current
of a conventional index-guided VCSOA with d;, =12 pm, n,= 3.3 and n, =
ny=n,=3.23.



*Spatial hole burning

“ *Thermal lensing
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Design optimization of ARRO
VCSOA
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For a fixed value of d,, find a corresponding combination of s and d,, which
can produce the largest radiation loss difference between fundamental mode
and the next mode.

Choose (s, d,) in the vicinity of that obtained from step 1) on the s-d, plane

) P
which can meet both the requirements of a low radiation loss in LM,,, and a
large radiation loss margin.



Performance of well-designe

ARROW VCSOAs
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Conclusion

e Optical characteristics of ARROW VCSOAs are
investigated numerically with a simple self-consistent
model

e The optical characteristics of ARROW and conventional
index-guided VCSOAs are compared

e Itis shown the presence of ARROW can improve the
stability of single-spot amplified output-signal emission
without deteriorating the amplifier gain

e A new design rule is proposed to optimize the structure
of ARROW so that signal stability and high saturation
power can be achieved simultaneously in large-area
ARROW VCSOAs




For More Information...

* The details of this work will be published in

the future issue of IEEE/OSA Journal of
Lightwave Technology
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