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Abstract

A 200 GHz 16-channel thin-film device was tested using a tunable laser-based measurement system for spectral dependence of the optical
return loss. The device was tested in both directions, as a multiplexer (MUX) and as a demultiplexer (DEMUX) using the 10S-12004B system,

and the results were compared. Significant structure was found in the optical retumn loss of the device, which proves the necessity of
performing spectral optical return loss (ORL) measurements for similar components.

Introduction

The sample was tested using the EXFO IQS-12004B DWDM Passive Component Test System.

1QS-12004B Test System

GPIB
Commands or
r Bank of
COM interface Power Meters
<) (110 N)
1QS-1643
TLS Polarization Wavelength Reference Module
|QS;)2r600 Controller 1QS-9401 «— 3 dB Couple

IQS-2600B 1QS-5150 E EllHReference
<«— ORL

Figure 1. Typical IQS-12004B setup

The 10S-12004B system is designed to provide fast and accurate high-resolution characterization of DWDM passive components. The
system is based on a sweeping, medium-coherence tunable laser source along with multichannel optical power meters. The system's
wavelength accuracy is provided using reference optical components in an instrument known as the wavelength reference module. An optional
polarization state adjuster is also offered for performing Mueller Matrix polarization-dependent loss (PDL) measurements.

The technique for measuring ORL is a variation of optical continuous wave reflectometry (OCWR), where a tunable laser source is used
instead of a fixed laser source. The medium-coherence tunable laser is particularly suitable for ORL measurements. Medium coherence is
important in order to prevent the optical interference of parasitic etalons from masking the actual measurement structure. To ensure the
thoroughness of the procedure, insertion loss (IL) and PDL measurements were also performed on the sample.
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Insertion Loss Measurement

The sample’s insertion loss was measured by using it as a demultiplexer, connected as shown in Figure 2.
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Figure 2. IL Setup with sample used as a MUX

In this configuration, all channels are tested at the same time. The spectral profile is shown in Figure 3. The IL measurements were performed
at the same time as the PDL measurements; the IL shown in Figure 3 is the average IL calculated in accordance with Mueller Matrix algorithms.
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Figure 3. Spectral profile with average IL

Polarization-Dependent Loss

The PDL of each channel was also measured with the sample connected as a demultiplexer. The PDL is calculated based on four scans at
orthogonal states of polarization, using Mueller Matrix algorithms. The table below includes the PDL at the central wavelength as well as other
interpreted data.
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The PDL indicated in the table is the value at the central wavelength for each channel. Complete PDL data is available as a function of
wavelength. Channel 1 results are shown in Figure 4.
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Figure 4. Typical results for devices with low PDL in passband
Optical Return Loss Measurements
The ORL of the sample was tested in two different configurations, as a demultiplexer and as a multiplexer.
CH1 CH2 CH3 CH4 CH5 CHé CH7 CH8
Measured Wavelength (nm) 1560.65 1559.008 1557.3 1555.769 1553.96 1552.507 1550.896 1549.293
Insertion Loss (dB) 4.238 4.453 4.422 4.33 3.609 4.704 4.221 4.523
BWH1: at 1.00 dB {nm) 1.154 0.959 1.077 0.915 1.023 1.032 1.235 0.996
BW2: at 3.00 dB (nm) 1.369 1.163 1.308 1.096 1.256 1.195 1.433 1.179
BWS3: at 20.00 dB (nm) 2.239 1.743 2.065 1.693 1.934 1.713 2.005 1.686
|Maximum Crosstalk (dB) 29.93 27.62 23.71 29.43 28.86 26.21 31.52 27.89
PDL ITU (dB) 0.025 0.056 0.043 0.03 0.065 0.036 0.012 0.084
Mask Type Bandpass |Bandpass |Bandpass |Bandpass [Bandpass |Bandpass |Bandpass |Bandpass
CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16
[Measured Wavelength (nm) 1547.738 1546.129 1544.468 1542.877 1541.315 1539.836 1538.156 1536.664
Insertion Loss (dB) 4.531 4.511 4.734 3.71 4.453 4.138 5.224 4.299
BW1: at 1.00 dB (nm) 1.008 0.964 1.057 0.985 0.974 0.944 1.097 1.026
BW?2: at 3.00 dB (nm) 1177 1.155 1.28 1.187 1.26 1.148 1.311 1.195
BWS3: at 20.00 dB (nm) 1.741 1.727 2.027 1.751 1.912 1.718 1.9 1.765
Maximum Crosstalk (dB) 35.37 37.98 29.82 31.65 28.92 30.17 25.08 24.24
PDL ITU (dB) 0.04 0.06 0.079 0.046 0.048 0.062 0.032 0.027
|Mask Type rBandpass rBandpass Eandpass Eandpass rBandpass Eandpass rBandpass rBandpass
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Demultiplexer ORL Results
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Figure 5. ORL setup with sample used as DEMUX

As a demultiplexer, the sample was tested, as shown in Figure 5, with a non-reflective termination on each of the sample outputs. Results are
shown in Figure 6.
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Figure 6. Results for DEMUX setup with non-reflective termination

Note: The ORL calibration (~14.7 dB) curve shown above s for reference purposes only.

It is obvious from the data that there is significant ORL structure in the device. The ripple in the ORL measurement is most likely caused by
interference resulting from multiple reflections inside the device. It is worth noting that the coherent length of the tunable laser is ~ 20 cm
to 30 cm.
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Figure 6. ORL structure vs. device channels

Figure 6 shows the ORL structure in relation to the device channels, where the maximum reflections are in the channel transition zones. In
addition, the ORL differs for each channel and a variation of > 10 dB is observed in channel 9 and channel 7, for example, both of which are
very close to 1550 nm.

Multiplexer ORL Results
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Figure 7. ORL setup with sample used as MUX
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As a multiplexer, the sample was tested, as shown in Figure 7, with a non-reflective termination on the common port. The results are shown
in Figure 8.

Again, there is considerable structure and variation within the measurements, notably on channel 16. A measurement of one of the APC
connectors was taken and is also shown in the data. A hybrid FC/APC-SC/APC adapter was used, explaining the less than optimal ORL
(~ 57 dB) of the connector pair.
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Figure 8. Results for MUX with non-reflective termination on common port
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Figure 9. Comparison between MUX and DEMUX measurements
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Conclusion and Recommendations

Based on the significant structure in the ORL data for the device, it would be meaningless to test the component at nominal wavelengths
such as 1550 nm, for example. It is, therefore, necessary to use a spectral measurement system based on either a tunable laser or OSA. Since
it would be difficult to obtain sufficient dynamic range with an OSA, we are recommending the use of a medium-coherence tunable laser like
the 1QS-2600 or IQS-2600B product series, either with a dedicated return loss meter (IQS-3200) or within the 1QS-12004B test system.
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