
(4.5)

where the Ri is 50 for RF source, the calculated bandwidth is about 12.5GHz. This can explain

why we cannot achieve 40Gb/s wavelength conversion by our sample. The limit of RC constant

can also be seen from Fig.4.10.

Part I of the falling tail is due to the resolution of the digital sampling oscilloscope* and the slow

falling of part ‡U is caused by the RC limitation. For the purpose of higher speed operation, the

RC constant must be shortened. One approach to achieve this is to reduce the device capacitance

by optimizing the fabrication process, or maybe more effective and simple, reducing the device

length. However, as the tradeoff between the bandwidth and extinction ratio always occurs

while reducing the length of a discrete external electroabsorption modulator, tradeoff between

the speed and extinction ratio of our wavelength converter also inevitable. Another approach is

to use chip carriers so as to spread the bandwidth and improve the response time.

4.5.3. Input power reduction

In the above experiments of wavelength conversion, the input power is still very high . How to

reduce the input power? We will figure out this question in this subsection .

As mentioned, the scheme of the operation is based on the phase change difference between TE

and TM, which can be calculated by the following formula,

(4.6)

where the •¢nTE and •¢nTM stand for the change of the refractive index of TE and TM

respectively, ƒ¡TE and ƒ¡TM refer to the confinement factors for TE and TM
, and L is the length

of the device. In our device, both •¢nTE and •¢nTM are dependent on the input power. If

△nTE can be enhanced and △nTMcan be reduced, then the total requied power can be reduced .

This can be realized by using narrower quantum well width with compressive strain .

Fig.4.13 shows the variation of quantum levels due to strain. As shown in Fig.4.12(b), the HH

* B
ecause the sweep-out time ofthe carriers is shorter than the resolution ofthe digital sampling

oscilloscope, the part I of the falling tall is actually due to the combination of the slow oscilloscope

response and fast sweep-out time
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and LH subbands degenerate at the top of valence band in lattice-matched bulk crystal and, as a

result, the different quantum levels due to the difference of the effective masses of HH and LH

are formed in QW. However, in tensile strained material system, on the other hand, HH goes

higher than LH in bulk and the distance between the quantum levels for HH and LH become

larger, as shown in Fig. 4.12(a). Therefore, the absorption edge wavelengths for TE and TM

polarizations can be made larger at zero electric field. If the absorption peak for TE mode is

fixed at the specific wavelength(in EAM case, the peak wavelength is always 1490nm), then

the compressive strain will shift the absorption peak to shorter wavelength compared to the

lattice-matched ones.

We used the Luttinger-kohn model and finite difference method to calculate the excitonic

absorption in InGaAlAs MQWs. The simulated MQWs are composed of 10-period

In(1-x-y)GaxAlyAs wells with 5nm-thick In0.527Ga0.206Al0.267As barriers. The InGaAlAs barrier

layers are lattice-matched to InP substrate and the bandgap wavelength is 1100nm. We used

three InGaAlAs wells for the calculations. We changed the InGaAlAs well thickness and the

amount of compressive strain as 9nm with lattice-matched, 7.3nm with+0.2nm, and 6nm with

+0.57%. We kept the exciton absorption wavelength for the 1st electron subband to the 1st

heavy hole subband(E1/HH1) transition, which is responsible for TE mode absorption, at 1490

nm in the all three InGaAlAs MQWs above.

Fig.4.14 shows the calculated absorption coefficient spectra for InGaAlAs MQWs. Here, the

external reverse bias voltages are zero. The wavelength detuning between the fundamental TE

and TM mode absorption wavelengths increases with increasing the amount of the compressive

strain in InGaAlAs wells and decreasing the well width. At the same time, the

cross-phase-modulation(XPM) for TM mode becomes smaller at ƒÉ=1540nm. Also, the

absorption peak depths for TE mode absorptions become higher due to deeper confinement of

the e1/hh1 excitons in the narrower InGaAlAs wells. In XPM, larger excitonic absorption

depth in the narrower InGaAlAs wells enhances the absorption changes under the pump light,

thus bringing larger phase shift for TE mode.

Fig.4.15 shows the calculated phase shifts in XPM of the EAMs with InGaAlAs MQWs

mentioned above. The phase shift for TE mode become significantly larger, while that for TM

mode remains small, with increasing the amount of the compressive strain and decreasing the

InGaAlAs well width. The calculated phase shift for the lattice-matched InGaAlAs MQW

explains well the measured TE mode phase shift, especially in high signal power region,

denoted by red line. The phase shift(ƒ¢„U) of 180-degree for TE mode is achieved at signal power
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of 10dBm, 7dBm, 2dBm for the 9nm-thick lattice-matched MQW, the 7.3nm-thick +0.2%

compressively strained MQW and the 6nm-thick +0.57% compressively strained MQW

respectively, whereas the phase shift for TM mode are very small for all the three MQWs.

Fig.4.16 shows the phase shift differences between TE and TM mode based on the calculated

results of Fig.4.15. 90-degree polarization rotation can be achieved at 13dBm, 8dBm and 3dBm

for these three InGaAlAs MQW-EAMs. It is clearly shown here that the increase of the amount

of the compressive strain and the decrease of the InGaAlAs well thickness enhance the

polarization rotation considerably. These effects help to decrease the input power for the

polarization switches and wavelength converters based on the nonlinear polarization rotation.
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Fig. 5.13 Variation of quantum levels due to strain.(a) Compressive-strained system.(b)

Lattice-matched material system.(c) Tensile-strained system.

Fig.4.14 Absorption coefficient spectra for the three InGaAlAs MQWs. LM denotes

the lattice-matched.
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Fig.4.15 The calculated phase shift for TE and TM mode by XPM in EAMs with

InGaAlAs MQWs with different compressive strains and well thickness.

Fig.4.16 The calculated phase shift difference between TE and TM mode based on Fig.4.15
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4.6 Summary

In this chapter, we firstly investigated the nonlinear polarization rotation(NPR) in EAM. The

polarization rotation originated from the difference of the refractive change for TE mode and

TM mode, and can be applied for all-optical processing. This phenomenon has been well

studied in SOA, but as far as we are concerned, this is the first time to investigate this in EAM.

Then a novel wavelength converter based on NPR was proposed and demonstrated both

statically and dynamically. In the static measurement, extinction ratio was larger than 30dB for

both upward conversion from 1550nm to 1555nm and downward conversion from 1560nm to

1555nm. The enlargement of the extinction ratio was also found, which indicated the potential

optical signal regeneration capability of the novel wavelength converter. In the 10Gb/s

wavelength conversion experiment, clear eye diagram was achieved. In order to find out the

way for high-speed operation beyond 40Gb/s, an equivalent circuit for the EAM was introduced.

The analysis showed that the RC constant limited the speed of EAM. For lump EAM, the

doping conditions and quality of ohmic contact of the electrode had important influence on the

series resistance. Higher speed operation could be achieved by optimizing the electrode size and

fabrication process. Finally, the quantum well width and compressive strain were studied

theoretically. Simulation showed that narrowing of the quantum well width with compressive

strain can effectively reduce the input power.
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