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On-wafer testing of Basic Building Blocks in Photonic

Integrated Circuits (PICs)
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Characterization of Photonic ICs is time consuming with very critical alignment
tolerances for accurate measurement. To overcome these problems we are working on
electrical testing of the optical properties of the most important Building Blocks (BBs) in
Photonic ICs by integration of test sources and detectors. This approach allows fast,
accurate and reproducible on-wafer measurements prior to cleaving and coating using
only electrical contacts. Several structures are proposed for testing the performance of
the Basic BBs.

Introduction

During the last years important progress has been made in developing a generic foundry
approach [1]. With this approach a broad range of functionalities can be realized starting
from a small set of Basic Building Blocks (BBBs). A basic building block is a photonic

component that implements a basic functionality like: optical amplification, modulation,
power detection etc. Table 1 gives a list of the most important BBBs and the parameters

that we would like to measure.

BBB Parameter

Semiconductor Optical Amplifier (SOA) | modal gain (spectrum) (dB/cm)
Straight Waveguide (SW) | propagation loss (dB/cm)
Electro Optic Phase Modulator (PM) | phase change (Rad/mm)

Table 1 Basic Building Blocks to be characterized in Generic ICs

Measurement Method

In a generic foundry approach the foundry process is validated by measuring a few test
cells with BBBs on the wafer. If they perform according to specs the wafer is approved.
For fast on-wafer characterization of the BBBs we propose electrical measurement of the
optical properties rather than the conventional optical measurement. It uses only electrical
probing which eases the aligning requirement compared to the classical characterization
which utilizes coupling light in and out of the chip through lensed fibers or microscope
objectives. And it allows for testing the wafer before it is cleaved into separate chips. In
order to perform electrical measurement of optical properties we need to integrate sources
and detectors for test purposes. Since we do not know the absolute characteristics of the
source and the detector we measure the transmission of the Device Under Test (DUT) by
comparing it to the transmission through a reference device, usually a straight waveguide
section. The concept of such a relative measurement is shown in Figure 1.

If the sources and detectors are assumed to be equal the power transmission coefficient of
the device under test is found from T=Ipyt/lrer, in Which Ipyt and Irgr are the currents
measured at the detectors.

147




On-wafer testing of Basic Building Blocks in Photonic Integrated Circuits (PICs

. SOAs PD
[ Ref device [ Re ef device ‘
[ L

f———
/ |

Figure 1 (left) Schematic of the standard relative measurement approach with optical coupling and (right)
with integrated light source and detector.

To use the relative measurement procedure we need to know the reproducibility limits
with which sources and detectors can be processed so we need to calibrate the system
source-detector. The unreproducibility limits our measurement accuracy [2].

Building Block characterization

The measurement procedure described above is applied to verify a Multi Project Wafer
run (MPW) [1] through on-wafer characterization of the fundamental building blocks
described in Table 1.
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Figure 2 The COBRA 6 Multi Project Wafer (MPW) run. (left) The 2-inch wafer with 13 different
designers sharing the wafer area and costs and (right) a zoom of the on-wafer test cell. The wafer contains
four identical test cells

As seen in Figure 2 less than 10% of the total wafer area is used for process
characterization.

- Semiconductor Optical Amplifier (SOA) To characterize the SOA the test structure in
Figure 3 is used. This test structure is composed of a multisection SOA as a broad band
source, an Arrayed Waveguide Grating (AWG) with a large Free Spectral Range (FSR)
as a spectral filter and an array of detectors. The large FSR AWG (120nm) is used to
resolve the broad band ASE-spectrum into discrete wavelength bands which are coupled
to the array of integrated photo detectors (PD) connected to the output waveguides of the
AWG.

We are interested in measuring on-wafer the modal gain curves of the SOAs [3]. To do so
we initially power only the first SOA (SOA1) of the multisection SOA and by reverse

148



Proceedings Symposium IEEE Photonics Society Benelux Chapter, 2012, Mons

biasing the array of detectors measure its Amplified Spontaneous Emission (ASE). The
procedure is then repeated after powering both SOAs (SOA1 and SOAZ2) simultaneously.
If SOAL and SOA2 are identical then the difference between the two situations is the gain
of SOAL. By applying the following formula the modal gain curves are calculated.

I

with G the modal gain, L the length of the SOAL and | the detector current. The first
order of the AWG should cover the relevant part of the ASE spectrum of the SOA in
order to get accurate spectral information on each detector, further, the FSR.
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Figure 3 (left) Schematic of the test structure proposed for modal gain curve on-wafer measurement, (right)
simulation.

Straight waveguides (WG) To measure propagation loss of (straight) waveguides we
investigate several test structures. Here we report on a structure based on ring resonators
which is the most promising in terms of accuracy and footprint.

Ring resonators (ADS simulations)
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Figure 4 (left) Schematic of the test structure proposed for measurlng propagation loss on-wafer, (middle)
simulation and (right) ring transmission sensitivity.
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Figure 4 presents the schematic of the test structure to measure propagation loss (left).
The test structure is composed of an integrated tunable Distributed Bragg Reflector
(DBR) laser as input [5], a ring filter and an integrated detector. The ring is realized with
a 2x2 MMI-coupler as filter. By performing a sweep in wavelength with the tunable laser
a typical ring transmission spectrum is measured at the detector. By fitting the measured
points the simulated transmission using our ADS-based circuit simulator, with the
propagation loss as a fitting parameter, we can find the propagation loss.
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Phase Modulator (PM) To characterize the phase change efficiency an asymmetric

Mach-Zehnder Interferometer (MZI) is proposed as in Figure 5.
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Figure 5 (left) Schematic of the test structure proposed to measure phase change efficiency and (right)
simulation.

The test structure is composed of a tunable DBR laser as input, an asymmetric MZI with
a PM in each arm and a PD as output. The typical sine shape is detected at the PD when a
sweep in wavelength is performed. Between a minimum and a consecutive maximum a
7z phase change is present. By positioning the wavelength at 10°, 20°, 30° etc... and
biasing the phase section to bring the system back to the minimum the phase vs. voltage
characteristics is obtained. This test structure is accurate and small. It can be used
separately with both PMs to characterize the phase change efficiency in both crystal
orientations.

Conclusions

In this paper an electrical on-wafer characterization approach of the fundamental BBs as
alternative to the classical optical method is described. It permits a faster and more
accurate characterization of the BBBs thanks to the integration of light sources and
detectors.
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