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Abstract—This work describes the factors that influence the
digital system performance of a monolithically integrated pho-
tocurrent driven wavelength converter. For an optimized input
power to the receiver section of the device, experiments show
<1-dB power penalty for conversion between 1548 and 1563 nm
at 10 Gb/s. Under optimized conditions, performance is limited by
the output extinction ratio of the converted signals.

Index Terms—Monolithic integration, photonic integrated
circuits, wavelength converters.

I. INTRODUCTION

PHOTONIC integrated circuits that are capable of wave-
length switching and signal regeneration are critical

components for extending the reach of present day optical net-
works. Several devices are currently available that can perform
these functions. These include semiconductor optical ampli-
fiers (SOAs) that utilize cross-gain modulation or cross-phase
modulation, electroabsorption modulators (EAMs) based on
photocurrent effects, and fiber-based wavelength converters
that employ wave mixing [1]. Of these approaches, small
form factor wavelength switching elements that are compatible
with monolithic integration offer additional benefits, such as
low optical coupling losses between components and reduced
packaging costs.

Recently, we have demonstrated a monolithically integrated
photocurrent driven wavelength converter (PD-WC) that can
perform signal regeneration. The device is compatible with a
range of input and output wavelengths, and does not require op-
tical filtering to separate input and converted signals [2]. The
wavelength converter is based on the dual-quantum-well (QW)
integration platform where fabrication requires a single blanket
InP regrowth in combination with simple selective wet etching
steps to form optical gain and passive routing/EAM regions [3].
The device utilizes photocurrent driven technology where an op-
tically preamplified receiver drives an EAM that is part of a tun-
able optical transmitter. Similar devices based on this principle
have been demonstrated at bit rates of 500 Gb/s [4].
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Fig. 1. (a) Scanning electron micrograph (SEM) of the PD-WC. (b) Circuit
schematic for PD-WC operation.

In this work, we use bit-error-rate (BER) measurements to op-
timize the digital system power penalty through the wavelength
converter. Under optimum conditions, the PD-WC does not in-
troduce significant noise or jitter onto the wavelength-converted
signals. Furthermore, when optimized, the power penalty
through the wavelength converter is limited by the converted
signal extinction ratio (ER).

II. DEVICE OVERVIEW

A schematic of the PD-WC along with an equivalent cir-
cuit for device operation is shown in Fig. 1. The device con-
sists of a monolithically integrated optical receiver section and
widely tunable transmitter section. The receiver is comprised of
a 600- m-long straight waveguide SOA that is 3- m-wide (re-
ceiver amplifier 1) and a 400- m-long flared waveguide SOA
(receiver amplifier 2). The second SOA waveguide width is ex-
ponentially flared from 3 to 12 m along the length of the de-
vice. A linearly tapered m waveguide QW-PIN pho-
todetector follows the flared SOA [5].

The transmitter section of the PD-WC consists of a four-sec-
tion sampled-grating distributed Bragg reflector (SGDBR) laser,
a 550- m-long postamplifier SOA, and a 400- m-long EAM. A
voltage source and a bias tee are used to simultaneously reverse
bias both the QW-PIN and the EAM, and a 50- load resistor
is used to enhance the bandwidth. An equivalent circuit for the
device is shown in Fig. 1(b). A 35- m-long metal interconnect
routes the photocurrent generated in the QW-PIN to the EAM
and the load resistor, where the resulting voltage drop changes
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Fig. 2. DC extinction (solid line) and slope efficiency (dashed line) results for
a 400-�m EAM at output wavelengths of 1557 and 1566 nm.

the transmission properties of the EAM. This writes the signal
from the receiver to the output wavelength of the transmitter. For
transverse electric (TE) polarized signals, the receiver gain is
20 dB with a current density of 6 kA/cm applied to both SOAs.
The receiver exhibits a 1-dB gain compression at 7-dBm input
power, and has a sensitivity BER of 18.5 dBm at
10 Gb/s for an input wavelength of 1548 nm.

III. EXPERIMENT

To optimize the performance of the PD-WC, a set of two BER
measurements were performed using nonreturn-to-zero (NRZ)
data at 10 Gb/s. The NRZ data contained a pseudo-
random bit sequence. The experimental setup was the same as
in [2], where an optical signal at 1548 nm with a 15-dB ER was
fed to the PD-WC receiver. The polarization of the input signal
was optimized using a polarization controller, and was selected
for maximum gain in the integrated receiver. The compressively
strained QWs used for optical gain in the PD-WC render the
receiver SOAs highly polarization-sensitive, with preferential
gain for TE guided modes. This issue could be circumvented
by including an additional regrowth in the fabrication process,
where an optimized bulk active region could be grown and sub-
sequently removed for the receiver amplifiers similar to that em-
ployed for high-speed photodetectors in [6].

The first set of BER measurements was used to determine
an optimum input power level for the PD-WC. BER curves
were generated for back-to-back (without the device) and wave-
length-converted signals for a range of input powers to the inte-
grated PD-WC receiver. The optimum input power was defined
as where the power penalty, measured as the difference in re-
ceiver power (the receiver in the test setup) between back-to-
back and converted signals at a BER of , was minimized.
In these experiments, the output wavelength from the PD-WC
was fixed at 1563 nm and the reverse bias conditions were set
to 3 V to achieve maximum EAM slope efficiency. The DC
extinction and slope efficiency of the EAM for wavelengths of
1566 and 1557 nm are shown in Fig. 2. The receiver SOAs are
biased at 6 kA/cm and the SGDBR gain and postamplifier SOA
are biased at 100 mA.

To further optimize the PD-WC performance, a second set of
BER measurements was performed for various QW-PIN/EAM

Fig. 3. BER curves for various input powers to the integrated receiver in the
PD-WC. The input wavelength is 1548 nm, the input extinction is 15 dB, and
the output wavelength is 1563 nm.

Fig. 4. Summary of BER measurements for various input powers to the
PD-WC receiver. Input and output wavelengths are 1548 and 1563 nm,
respectively, and applied reverse bias is �3 V.

reverse bias conditions. The input power to the device was fixed
based on the results from the first set of BER measurements and
the output wavelength from the PD-WC was again 1563 nm. The
bias conditions for the receiver SOAs, transmitter SOA, and the
SGDBR are identical to that in the first set of measurements.

IV. RESULTS

Results from the first set of BER measurements are shown
in Fig. 3 along with wavelength-converted eye diagrams for
fiber coupled receiver input powers of 12.8, 11.2, 10.5,
and 7.5 dBm. All eye diagrams are clear and open indicating
that jitter through the PD-WC is not significant. The input and
output optical signal-to-noise ratios (OSNRs) in these experi-
ments was 30 dB, which is well above the region where OSNR
limits BER. For increasing optical power to the PD-WC, Fig. 3
shows that the power penalty initially decreases, then increases.
The power penalty through the device as a function of input
power and output ER from the wavelength converter are shown
in Fig. 4. At low input powers ( 12.8 dBm), increasing op-
tical power to the integrated receiver increases the photocurrent
from the QW-PIN, which generates a larger voltage across the
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Fig. 5. BER measurements for QW-PIN/EAM reverse biases of �2, �2.3,
�2.7, and �3 V. Wavelength converted ERs at these biases are 4, 5.5, 7, and
9 dB, respectively.

Fig. 6. Theoretical power penalty versus ER and experimental data for wave-
length conversion from 1548 to 1566 nm. Applied reverse bias conditions are
�2, �2.3, �2.7, and �3 V.

load resistor. The larger voltage swing drives the EAM through
greater changes in transmission, improving the output extinc-
tion of the device. However, as the input power to the receiver
increases beyond 11.2 dBm, the power penalty begins to in-
crease despite improvements in output ER. This increase origi-
nates from a change in slope in the BER curves shown in Fig. 3,
and is indicative of modified noise statistics in the wavelength-
converted signals. The changing noise distribution most likely
results from pattern-dependent gain overshoot and recovery in
the receiver SOAs [8], which can be seen as “one” noise in the
eye diagrams in Fig. 3 for power levels 10.2 dBm. Based
on minimizing the power penalty through the device, the op-
timal input power to the PD-WC is 11.2 dBm. Under these
conditions, the clear eye diagrams and the parallel BER slopes
between back-to-back and converted data indicates that device
performance is not limited by jitter or pattern dependence gen-
erated in the PD-WC receiver.

Results from the second set of BER measurements, which in-
vestigates how changing the wavelength converter bias effects

digital system performance, are shown in Fig. 5. For reverse bi-
ases of 2.0, 2.3, 2.7, and 3 V, wavelength-converted sig-
nals show ERs of 4, 5.5, 7, and 9 dB, respectively. Eye diagrams
are included for the wavelength-converted signals at each of the
examined bias conditions. The increase in ER as a function of
bias comes from the increasing EAM slope efficiency shown
in Fig. 2. From Fig. 5, as the ER improves, there is a clear re-
duction of the power penalty between back-to-back and con-
verted signals. To determine if the output ER from the PD-WC
limits BER performance, the extracted power penalty through
the wavelength converter is compared with theory from [7] in
Fig. 6. The theoretical predictions are based on the increase in
receiver power (the receiver used to measure BER) that would
be required to achieve a BER of given a range of signal
ERs. To convert the increased receiver power to a power penalty
through the device, a constant is subtracted from the theoretical
predictions to account for the 15-dB ER in the input signal to
the PD-WC. The excellent agreement between the predictions
and data indicates that under these optimized input power con-
ditions, converted signal ER limits device performance.

V. CONCLUSION

We have demonstrated that the digital system performance of
the PD-WC can be limited by the ER of the converted signals at
10 Gb/s. Under optimized input conditions, the bias across the
EAM and QW-PIN can be changed to achieve less than 1-dB
power penalty through the device. By improving receiver satu-
ration or EAM efficiency in the PD-WC, the converted ER could
be improved, leading to lower power penalties and a larger dy-
namic range.
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