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ABSTRACT:

Arrayed waveguide gratings (AWGs) are a
substantial component in integrated silicon
photonics technology, enabling high bit rates due
to wavelength division multiplexing (WDM).
However, realistic applications show that these
devices are susceptible to bit errors due to
unavoidable phase changes in the densely-
packed waveguide (WG) region. To resolve this
issue, we propose a negative feedback system to
detect and correct the phase errors utilizing the
Gerchberg-Saxton (GS) algorithm and its
legacies.

ARRAYED WAVEGUIDE GRATING:
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 AWG can be viewed as an NxN router.

 Basic operation:
1. Input light defocuses from L1 and

couples into dense WG region at L2. All
light is in phase.

2. Each WG output at L3 is in phase with
each other at λC. At other wavelengths,
there is a phase difference Δφ(λ)
between adjacent WGs due to
dispersion.

3. Light refocuses at L4. Due to Δφ(λ), the
focal point is different for each
wavelength.

λc = 1550 nm

IMPERFECTION-INDUCED PHASE ERRORS IN DENSE WG REGION:
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Ideal: Reality:

We can compensate for the phase error by implementing a correction factor that cancels it out. 
The equation above can be rewritten as:
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NOTE: We currently assume that there is negligible loss induced from the imperfections.

Eqn. [1]

Eqn. [2]

Eqn. [3]
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PHASE ERROR CORRECTION VIA NEGATIVE FEEDBACK TUNING:
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GERCHBERG-SAXTON PHASE RETRIEVAL ALGORITHM:
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The algorithm repeats until the following square-error metric
reaches a minimum.

���� �� � − � � �

�

NOTE: The variable M corresponds to the M-point discrete
Fourier transform.
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In experimental measurements, the phase information is lost. However, methods such as GS-based 
algorithms allow the phase information to be closely approximated. 
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��� can be measured directly via
NSOM or approximately calculated by
transmission spectra measurements.

By implementing P-N junctions or
ohmic heaters on each WG on the
array, we can tune the phase by
electro-optic or thermo-optic tuning.

SIMULATION METHODS & RESULTS:

Software Used:
 Lumerical
 MATLAB

1) Get electric field profile
of a single-mode WG
from Lumerical.

2) Import E-field profile into
MATLAB and simulate the
profile change as it
propagates through the
AWG. Use Eqn. [2] to
impose a phase error for
each WG in the array.

3) Utilize negative feedback
tuning method to correct
the phase.
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