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Abstract- We spectrally shape the response of a tunable photodetector in the telecommunication C-band by illuminating the
device with more than one interference pattern. The experimental results are in excellent agreement with the mathematical
models.

Rapidly and discretely wavelength-tunable photodetectors
would enable much more flexibility for the design of WDM
optical networks, including access networks, optical packet
switching, and optical code division multiple access networks.
Incorporating wavelength reconfigurability in WDM networks
can lead to more efficient utilization of network bandwidth in
access networks and can allow rapidly (e.g., nanosecond)
reconfigurable wavelength hopping for secure coding of data
packets in optical code division multiple access networks. The
wavelength reconfiguration time of tunable filters in networks is a
very important parameter for network performance.
Unfortunately, all of the currently available tunable filters, tuned
by mechanical, thermal or acoustical means, have milliseconds to
microseconds wavelength swapping access time, depending on
their operating principles [1]. The novel electrically-controlled
rapidly tunable photodetectors we have presented, incorporating
the filtering function inside the Metal-Semiconductor-Metal
(MSM) photodetectors, have demonstrated reconfiguration of the
selected wavelength in a nanosecond [2]. Here we demonstrate
that the form of the spectral sensitivity in such a detector can also
be shaped for specific applications.

In our new approach [1], in the simplest case without any
spectral shaping, we interfere a beam with a delayed version of
itself to form an interference pattern on top of the fingers of a
metal-semiconductor-metal (MSM) photodetector. The fingers
can be individually biased to different voltages. Then we can
choose an appropriate MSM biasing pattern such that the net
photocurrent collected is only from the desired wavelength, with
cancellation of the current from the undesired wavelengths. Since
the biasing pattern is simply a set of voltages, the wavelength
reconfiguration speed is essentially limited only by the electronic
switching times for the bias pattern. In our previous work [2], we
have demonstrated -Ins wavelength swapping access time of the
detector integrated on a CMOS driver and receiver with an
emulated data stream.
The spectral response of this previous detector, without any

additional spectral shaping, is sinusoidal with wavelength [1].
However, for an ideal filter, a flat passband is very important if
high bit rate signals are to be detected with little signal distortion;
a sharp transition band and a flat stop band are needed to reduce
crosstalk between adjacent channels. In addition, tunable
photodetectors with a flat pass/stop band are very important for
cost-effective WDM access networks where laser carrier
wavelengths may drift. This work describes the principle and first
demonstration of shaping of the spectral response of the detector
towards a more ideal shape by using multiple interference patterns
to illuminate the detector.
We discussed previously how we obtain a wavelength

dependent response by interfering a beam with a delayed version

of itself to form an interference pattern on a multi-fingered
detector [1]. That response can be changed based on the biasing of
the detector fingers. Use of only a single interference pattern, as in
our previous work, gives a sinusoidal spectral response. Here, by
adding another interference pattern with a different relative delay
as shown in Fig. 1, we show that the shape of the wavelength
response can be tailored.

o w z

Region III Region I Region II Region IV

Fig. 1: Tunable detector under the simultaneous illumination of two interference
patterns with the same channel wavelength to shape the spectral response. The
picture at the upper left corner shows two interference patterns aligned with each
other and the additional non-interfering beams, all focused on the device as shown.

In Fig. 1, consider first only the solid interference pattern to
understand the basic device working principle. The wavelength
selectivity in this device results from forming a wavelength
dependent interference pattern that lines up with the MSM fingers
in the center part of the device. Biasing the two top electrodes in
Region I and II of the device in Fig. 1 with equal magnitudes but
opposite polarity causes the device to respond to specific
interference patterns. The method we use to set up such a
wavelength-dependent interference pattern is to generate two
beams, with an optical path length difference, Ad, and interfere
them onto the detector with an angle between them. This angle
dictates the interference pattern's spatial period, which should
match the width of the switching part of the device, w, as shown
in Fig. 1. The optical path length difference between the two
beams dictates the channel spacing A,M between two channels with
center wavelengths {0+A,{ and AO. [1]

Since the channel spacing A,M is much smaller than the central
wavelength 1o in WDM applications, the widths of the single
fringes formed by the different wavelengths {0+A,{ and AO are
approximately the same. The interference pattern depends on
wavelength, primarily through the spatial phase of the pattern. In
particular, if the interference pattern is formed by interfering a
beam with a delayed version of itself, the spatial phase of the
pattern (i.e., the position of the fringes) moves rapidly with
wavelength; hence, the device can be a wavelength sensitive
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photodetector. In the structure in Fig. 1, we sum the photocurrents
from the different Regions by connecting the lower common
electrode to a current-measuring virtual ground, as in a
transimpedance receiver. To enable detection of the wavelength
corresponding to the solid interference pattern, we bias Region I
positively and Region II negatively. Region III, illuminated by a
non-interfering portion of the source beam, is always positively
biased so as to provide a d.c. current, which is needed as an offset
to obtain zero net current for the "wrong" wavelength [1]. Region
IV is present solely to give electrical symmetry of the capacitive
parasitics of the fingers in Region I and II, and is not otherwise
used optically. Interchanging the bias on Regions I and II would
move the spectral response by half a period, interchanging the
"on" and "off' wavelengths.
The measured spectral response and a curve fit from Eq. (1) are

shown in Fig. 2, showing a channel spacing of 0.23nm. The path
length difference between the two beams is -5.138mm.
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Fig. 2: Dotted line shows the measured spectral response with only one
interference pattern illuminating the detector (without spectral shaping) and the
line curve shows the fitting (co)sinusoidal curve.

The (co)sinusoidal spectral response in Fig. 2 has neither a flat
pass/stop band nor a sharp transition band. It is important to shape
the spectral response of this filter such that it has a relatively flat
signal pass/stop band and a sharp transition band when detecting
high speed data with minimum distortion.
Based on a Fourier series technique, a periodic response can be

decomposed to be a superposition of its fundamental "frequency"
component and all of the harmonics. For this two wavelength
discriminating detector, in this first demonstration of shaping, we
attempt to make the detector more nearly "square" in its
amplitude response, approximating a repeating "square" response
with 50% duty cycle. If we decompose this "frequency" response
into its fundamental mode and harmonics, we will get (2) if we
truncate all of the higher order terms.
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(2)
Since the spectral response contributed by the first interference

pattern sets up the fundamental term, another interference pattern
with the same spatial period and wavelength as the first one, but
with 3 times the relative delay, is needed for the third harmonic
term. The minus sign in front of the third harmonic coefficient in
(2) corresponds to a 7t phase shift between the second interference
pattern and the first interference pattern as shown in Fig. 1. In Fig.
1, the solid line sinusoid corresponds to the interference pattern

for the fundamental term and the dashed line sinusoid with one
third the amplitude corresponds to the second interference pattern
that gives the third harmonic term. Since the second interference
pattern should contribute to the third harmonic of the whole
response, the path length difference between the two interfering
beams of the second interference pattern has to be set three times
longer than the path length difference of the two interfering beams
contributing to the fundamental mode.
The measured synthesized spectral response is shown as the

dotted line in Fig. 3. It is curve-fitted to a superposition of a
(co)sinusoid and its third harmonic term. The curve-fitted spectral
response is in (3) below. Comparing (3) to (2), the second
interference pattern shining on the detector indeed contributes a
third harmonic term to the whole spectral response although with
0.1 radian phase skew and lower optical power than ideally
intended. The whole spectral response matches our theoretical
modeling reasonably well.
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In (3), the detector with synthesized spectral response can

discriminate not only between 1536.27 nm and 1536.50 nm with
0.23 nm channel spacing, but can also discriminate between
signals in its relatively flat pass band and those in its similarly flat
stop band. Tunable photodetectors with this flat pass/stop band
feature are very critical for cost-effective WDM systems with
slightly drifting laser carrier wavelengths.
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Fig. 3: The dotted line shows the measured spectral response with two interference
patterns and the data is fitted with a superposition of a cosinusoid and its third
harmonic term.

In conclusion, we have demonstrated that the spectral response
of electrically-controlled MSM based tunable photodetectors can
be shaped and designed by incorporating more interference
patterns shining on the device. The same spectral shaping
technique can be used for designing the response of this device in
multiple wavelength detection schemes as well, and further
shaping is possible through the use ofmore interfering beams.
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