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The accurate characterization of photonic integrated circuits is time consuming and is
influenced by the alignment tolerance. To overcome these problems we decided to
characterize optical properties of the most important Basic Building Blocks (BBB) by
means of electrical signals.

I ntroduction

Important progress has been maddeveloping a generic foundry approdéh With this
approach a broad range of functionalities can be relditagting from a small set ofaBic
Building Blocks (BBBs). ABBB is a photonic component that implements a basic
functionality like: optical amplification, modulation, power detection etc.

The foundry process validatel by measuring a few test cetisntainng the BBBs. If
they perform according to specs the wafer is approved. To speed waftrevalidation

we propose onvafer probing of the BBBs by means of electrical signals. The use of
electrical signals to probe the integratel sources and detectorgases the aligning
requiremerg compared tahe classical opticameasurementThe most important BBBs
selected for otwafer characterizatioare: Straight Waveguides (SW), Phase Modulators
(PM) and Semiconductor Optical Amplifiers (SOA).

Basic Building Block characterization
On-wafer characterization of the BBBs is appliedvaidatethe Multi Project Wafer rum
(MPW) [1]. Test structures presented in this paper were first introduced in [2].

- Straight Waveguides (SW)

Propagation losss the main parameter thdéscribegshe SWperformanceTo measurat
several test structures are proposed. Here we report on the Ring RedRRatbaged test
structurewith a small footprint and promising in terms of accurasyshown irFigurel.
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Figurel Schematic ofhetest structure for ewafer charactézation of propagation losspmposed of
integratedunable Distributed Bragg Reflector (DBR) laser at the input, a ring resaarad an integrated
full absorbing detector at the outf{ldft) anda microscope objective picture of the fabricated deisce

shown (right)
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The RR is very sensitive to waveguide loss therefore suitable for this purpose. Asgcoupl
element between the ring and the bus waveguige have chosen the Multimode
Interference (MMI) couplefor its toleranceo the fabrication process.

The power transmission at the output wavegisdebtained by a generalization thfe RR
equations in [Bthat takeinto account the MMI coupling log4]:
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Wheret?is the power coupler coefficient which in the MMI we assume equal te*14,
the total loss factor that includes the MMI imaging loss,>) and the total ring
propagation loss which includedsothe MMI propagation lossa?), 7° = a,,, ‘a’ as in
[4] and @ is the round trip phaseThe ratio between the maximum power transmission
(|T|2max) and the minimum power transmissioriuTKmin ), obtained forcosf =1 and
cosd = — 1respectivelyis calledthe Power Transmission Ratio (PTR)
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The typical RR transmissianeasured at the integrated detector as a function of the tuning
currentis shown inFigure 2
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Figure2 Measured (dotted black) and simulated (solid teaf)smissiorof a 5.2mm long ring resonator.
From the measured PTR the propagation loss is estinfdtechhase currersipplied at the phase section of
the DBR laseris used tdine tune its wavelength.

10Log,

As MMI imaging loss themeasuredvalue of 0.7dB is used in the simulatiofihe
propagation loss, estimated from tRé&R of thetransmissiorcurveand the MMI imaging
loss,is ~15.0dB/cmWe tested the structure on a waveguide with high losses and found
from comparison between different structures an accuracy in the order of 1@8é of
propagation loss. Based on simulations we expect an absolute measuremeny adcurac
about 0.5dB/cm for low loss values.
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-Phase Modulator (PM)
Phase modulation efficiendg the main parametdnat describethe PMperformanceTo

measurghase modulation owafer thetest struatre shown irFigure 3has been tested

Input waveguide! ~ MZ interferometer ! Integrated detectors
MZ interferometer

Integrated Integrated
source detectors

Figure3 Schematic of the test structure forwafer characterization @hase modulation efficiency,
composed of an integratéabersourceat the input, ¢Mach-Zehnder interferometemd?2 integrated full
absorbing detecteiat the output (left) atha microscope objective picture of the fabricated device is shown

(right).

The power splitter and combiner are a 1x2 and a 2x2 MMI coupkpetively. The
device uses an external laser source. In theduun an integrated source will peesent.

The PM in the MchZehnder (MZ)interferometer is 50@m long. The typical switching
curves of a MZinterferometer when in one of the arms is injected current or applied a
reverse biasre shown in th&igure 4and agree well with measurement on Hnategrated
structures.
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Figure4 Mach-Zehnder interferometer switching curves when in one of the arms igéjptiurrent (left)
and a reverse bias (righf)ue to the use of the 1x2MMI splitter at thput the switching curves maxima
and minima do not staat O applied current or voltage.

-Semiconductor Optical Amplifier (SOA):
Modal gain is a majoparameter that describes the SOA performamocemeasure the
SOA modal gain onwvafer theintegrated test structure iigure 5is proposed.
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Figure5 Schematic of the test structure forwafer characterizatioof SOA gaincurves composed of a
multisectionSOA as a broad band source at the input, a large free spectral range arrayed egveting
and an array of integrated detectors at the output (left) and a microsceptivelpicture of the fabricated

device is showiright).
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Theintegrated broad band source consistSOAs of different length (560-100-200um)
The large FSR AWG (120nm) is used to spectrally resolve the emission of theil8®As
the output PDs. The FSR is chosen large enough to cover most of thegoitted by the
SOAs. By pumping a combination of these SOfh&e Amplified Spontaneous Emission
(ASE) spectra of 5000-200400um long SOAIs measuredaccording tothe Thomson
measurement methof]|
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Figure6 Simulated (dotted) vs. measured (solid) transmissiorspectraof the AWG used for omvafer gain
curves characterizatiohe output powersi collected at the integrated detector awhgreasat theinputan
external tunable sourdsusedtemporay.

The measured transmission of the large FSR AWG matches vertheredimulated one
There is ongoing work to determine the SOA modal gain curvegaber.

Conclusions

In this paper an electrical emafer characterization approach is applied to charactérze
fundamental BBs as alternative to the classical optical methogelmits a faster and
more accurate characterization of the BBBs thanks to the integratiorhbédigrces and
detectors.
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