For further investigation and verification, we measured the XPM in a single EAM by cutting
it from the integrated device.

3.5.4 XPM

The same pump and probe lights are used as shown in Fig.5.11. Fig.5.14 shows the results of
the Fabry-Perot measurement. While we increase the power of the pump light, the peak of the
probe light shifts to the short wavelength, which implies the decrease of the phase and
refractive index, as shown in Fig.5.15. From these two figures, apparent XPM is confirmed.
This means the EAM works well as the phase modulator in the all-optical switch.

The insertion loss of the device is about 47dB, including 9dB/facet coupling loss between the
fiber and device, at least 3*3dB loss caused by 3 cascaded MMIs, and 20 dB propagation loss
as mentioned above. Due to the large insertion loss, the output is always smaller than ~30dBm,
which cannot be amplified effectively by EDFA. So no clear eye diagram is observed. In
order to reduce the insertion loss, several methods can be applied. The most common one is to
use AR coating. It can reduce the coupling loss down to 3 dB/facet. The second choice is to
reduce the roughness of the sidewall by optimizing the dry etching conditions while forming
high mesa. The third choice is to use ridge structure instead of high mesa. According to our
experiments, the typical insertion loss of ridge structure with InGaAsP core is around
20dB/cm, much smaller than that of high mesa structure whose typical value is over 40dB/cm
at 1500nm.
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Fig.5.14 Fabry-Perot measurement for XPM of the EAM with high mesa waveguide..
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Fig.5.15 Phase shift of the EAM due to XPM.

5.6 Characterization of all-optical switch with ridge

structure

Firstly, the coupling efficiency of the butt joint between the active and passive waveguides is
investigated. This is done by the measurement of loss of the waveguide-EAM module, as
shown in section 5.5. Then we demonstrated the dynamic operation of the wavelength
conversion. For the results were not good, we investigated the performance of the EAM and

MMI to find out the way for optimization.

5.6.1 Dynamic all optical switching

The experimental setup is almost the same with Fig.5.11. The difference is that here, we use
2.5Gb/s modulated signal.

Fig.5.16 shows the waveform of the modulated signal by 2.5Gb/s control pulse after the
switch. We see that in this figure, the wavelength conversion is observed though the converted
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signal is of very poor quality and the extinction ratio is quite small. The long tail is due to the
long recovery in EAM without bias. This result confirms the availability of the novel
all-optical switch.

Fig.5.16 Waveform of the output of the after the switch from 1540nm to 1550nm.

In order to find out the reason, we investigated the performance of the EAM and MMI.

5.6.2 Loss measurement

According to the design, the total length of the device is 3.5mm. We measured the passive
waveguide with InGaAsP (Q1.25) and obtained the loss, 18dB/cm. Similar to (5.1)
EAM: 51.8dB/cm

150X gy, +26+200X o grige =1.497

(5.2)
100X @z +2¢ +250X €, ogiae =1.328

So the coupling loss between the active EAM and passive waveguide can be obtained by
solving the above equations. c= 0.18dB, which means 95.9% coupling efficiency. This result
is consistent with those in subsection 5.5.1.

The measured insertion loss is 30dB. It is consisted of 2*6dB/facet coupling loss between
tapered fibers and device, 1dB EAM propagation loss together with the coupling loss at the
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interface of the active EAM and passive waveguide, 3*3 dB MMI loss and 8dB loss of the
passive waveguide whose core layer is composed of InGaAsP (Q1.25).

5.6.3 XPM of EAM
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Fig.5.17 Fabry-Perot measurement for XPM of the EAM with ridge waveguide.
From Fig.5.17, strong XPM has been observed, and when the input power is 22dBm, the
phase shift is more than 2m. These results confirm that the EAM works well as the phase

modulator in the all-optical switch.

5.6.4 Characterization of MMI

— Input 1550nm
Port 2

Port 1

Fig.5.18 Schematic view of the MMI.

Both the input and output are coupled to the tapered fibers. The input light is set in TE mode.
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Fig.5.19 Measurement of the output power from the two ports in MML

Fig.5.19 shows that the output from the port 1 is generally larger by 4dBm than that from port
2. Because in the sample, the distance between port 1 and port 2 is 200 um, the cleavage
conditions are the same, so the difference of the power is due to the MMI. Notice that in the
all-optical switch, there are three MMIs in series, and they will cause totally 12dB unbalance
possibly.
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Fig.5.20 Ratios of output power at two ports as function of the MMI length.
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Actually, taking the tolerance in the process into account, we make three EAMs varying from
340um to 360 um. Due to the damage in the process, only the device with 340um EAM was
measured. The change of the length may be the main reason for the unbalance of the MML
Fig.S./20 shows the simulation result of the balance between two outputs of the MMI. We can
see that the balance is sensitive to the change of the length. The larger the length difference
with 355um, the larger the difference of the outputs.

Another crucial factor is the orientation of the waveguide. As shown in Fig.3.7, the reverse
ridge structure has different width at the bottom of the InP cladding with the forward ridge
structure. For example, if the waveguide width in the mask is 2 um, after photolithography
and wet etching, the bottom width remains the same for reverse ridge waveguide, but for
forward ridge type, the width increases to 4 um. As a result, the confinement factors in the
horizontal direction are also different in these two cases. The same thing happens to MMI and
the beat length varies in cases.

Frankly, the simulation cannot predict the exact length of the MMI because in my case, the
optimization of fabrication is in progress. The conditions vary with time and errors occur
unexpectedly. Only when the process is well established and standardized in my experiment,

the optimum length of EAM can be found. Nowadays, only trial and error can help.

5.7 Summary

In this chapter, we proposed a novel all-optical switch by using two EAMs on the arms in the
MZ interferometer. The switch is fabricated on the substrate grown by two-step regrowth
technique described in Chapter II. We optimized the fabrication process of the devices in both
ridge and high mesa cases. Then both of these two devices were carefully measured. In the
all-optical waveguide with high mesa, because the insertion loss is so large due to the sidewall
roughness and doping in the passive region, no dynamic operation was carried out. However,
the static measurement of the wavelength conversion shows primary evidence for the
all-optical switching of the fabricated device. The measurement of the XPM in a single EAM
shows that the EAM does work well as the phase modulator by XPM. Therefore, the
improvement of the devices performance lies in the reduction of the insertion loss. For this
purpose, then an all-optical switch with ridge structure was fabricated. The measurement of
the loss in the whole device shows that the loss can be reduced by 20 dB even when the total
length is longer than the high mesa structure. The dynamic wavelength conversion of 2.5Gb/s
has been measured. Though the converted signal is of very poor quality, it is an evidence for

the availability of the all-optical switches. Further investigation was done on MMI and EAM
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by cutting them from the whole switch. Experiments showed that in the EAM, XPM was
clearly observed. This means the poor converted signal does not come from the EAM. On the
other hand, the measurement of the output power in a single MMI showed 4dB unbalance
between two output ports, which meant maximum 12dB unbalance in the whole device. We
believe this is the main reason for the small extinction ratio in the dynamic wavelength
conversion. By optimizing the MMI, dynamic performance of the all-optical switch can be

improved.
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