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Abstract—We present a high-functionality photonic integrated
circuit that performs field-modulated wavelength conversion. This
device incorporates an on-chip sampled grating distributed Bragg
reflector laser for wide tunability. Wavelength conversion is accom-
plished using a preamplified semiconductor optical amplifier pho-
todiode receiver interconnected with a traveling-wave modulator
to form a high-speed optical gate. This paper discusses the design
and performance of this device, as well as its potential for optical
packet switching applications. Error-free wavelength conversion
is demonstrated at 40 Gb/s with 1-3 dB power penalty compared
with back-to-back transmission over 22 nm of input and output
tuning. Output extinction in all cases is greater than 9 dB, and con-
version efficiency ranges from —2 to —6 dB over the tuning range.
This device additionally demonstrates the capability for external
10 Gb/s modulation, which can be used for optical label encoding.

Index Terms—Electroabsorption, semiconductor amplifiers,
traveling-wave devices, tunable lasers, undercut etching, wave-
length conversion.

I. INTRODUCTION

HE WIDESPREAD use of wavelength-division multiplex-
T ing (WDM) has greatly increased the capacity in today’s
fiber optic networks. As WDM networks continue to grow in
complexity, methods for dynamic wavelength management, and
especially wavelength conversion, have become increasingly
important. Wavelength conversion allows for effective resolu-
tion of signal contention in high traffic networks, allowing for
better utilization of available network bandwidth [1]. Further-
more, wavelength converters have been proposed as the key
switching elements for all-optical routing in next-generation
networks.

The capacity of today’s optical-electronic—optical (OEO)
routing architecture is rapidly approaching its limit in terms
of processing and buffering requirements, as well as overall
power dissipation. To resolve these issues, future networks will
necessitate that many of the routing functions be performed in
the optical domain. One solution that has been offered is all-
optical label switching, which allows individual IP packets to
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be optically routed by dynamic wavelength assignment [2]. In
this type of routing architecture, individual labels that accom-
pany each payload are identified by the node, and the destination
of the packet is determined using a lookup table. The output of
a wavelength converter is then tuned to the proper wavelength
to route the packet through an arrayed waveguide grating to the
desired port. This type of architecture allows for minimal elec-
tronic processing and can support very high bit rates, since only
the labels must be electronically recovered at each node.

Making the leap to optically packet switched networks will
require an efficient and scalable technology for performing
high-speed wavelength conversion. Photonic integrated circuits
(PICs) are an attractive solution for achieving high functionality
with low cost. Compared with discrete optical components, such
PICs offer small footprint, simplified packaging, low optical
loss, and reduced power dissipation, all of which are necessary
for a viable wavelength conversion technology.

Of particular interest are PICs that incorporate a widely tun-
able laser source on chip. To date, two different methods for
single-chip wavelength conversion have been demonstrated. The
first of these is a carrier-modulated approach, which takes ad-
vantage of nonlinearity in a semiconductor optical amplifier
(SOA) to achieve cross-gain modulation (XGM) or cross-phase
modulation (XPM) between an input data signal and the on-
chip continuous-wave (CW) signal [3]. The switching speed
of these devices is limited by the carrier lifetime in the satu-
rated SOA, which typically limits the operating bandwidth to
10 Gb/s. However, more recently, differential interference tech-
niques have been used to demonstrate 40 Gb/s in a monolithic
device [4], [5].

An alternative approach to wavelength conversion is based
on modulation of the electric field, as opposed to modulation
of the carrier density in the SOA case. Field-modulated devices
make use of an interconnected photodiode (PD) and either an
electroabsorption modulator (EAM) or Mach—Zehnder modula-
tor (MZM) to form a high-speed optical gate. Such optical gates
have been used to demonstrate wavelength conversion at data
rates as high as 100 Gb/s [6]. The field-modulated approach
offers a number of advantages for optical routing applications.
These include increased network transparency, conversion to a
similar (or the same) wavelength as the input signal, and elimina-
tion of optical filtering requirements at the output. Furthermore,
field-modulated wavelength converters have demonstrated the
potential for 2R, or 3R regeneration [7], which will be beneficial
for cascaded optical routing through multiple nodes.
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Schematic diagram of the device design depicting both wavelength
conversion and label writing functionalities.
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Fig. 2. Photograph of fabricated wavelength converter. The total footprint is
4.1 mm x 0.55 mm.

In previous monolithic devices, 10 Gb/s operation has been
demonstrated using an EAM [8], and 40 Gb/s operation has
been demonstrated with a series push—-pull MZM [9]. This
paper presents the first demonstration of monolithic 40 Gb/s
wavelength conversion using an electroabsorption-based de-
vice. Error-free operation with less than 3 dB power penalty
is achieved over 22 nm of input and output tuning range.

For efficient utilization of bandwidth in optical packet switch-
ing, it is desirable for the optical label to be encoded on the same
carrier wavelength as its corresponding payload. Therefore, we
have designed this device with the capability to encode 10 Gb/s
labels as well, using a separate modulation region. Over the
same wavelength range, 10 Gb/s transmission is demonstrated
error-free.

II. DEVICE ARCHITECTURE AND FUNCTIONALITY

This wavelength converter incorporates all of the elements
of a widely tunable transceiver onto a single InP chip. The
device is comprised of two separate waveguide regions that
are responsible for the receiver and transmitter functionality. A
schematic depicting the general layout of the wavelength con-
verter is shown in Fig. 1. On the receiver side, there are two SOA
preamplifiers followed by a high-power p-i-n PD. The transmit-
ter side contains a widely tunable sampled grating distributed
Bragg reflector (SG-DBR) laser, consisting of a gain and phase
section between two SG mirrors, followed by an output SOA.
The light from the SG-DBR laser is divided into two paral-
lel traveling-wave EAMs using a 1 x 2 multimode interference
(MMI) splitter. One of the EAMs is directly connected to the PD
to form a high-speed optical gate to perform wavelength conver-
sion. The other EAM can be electrically driven to function as a
transmitter for encoding labels onto individual IP payloads. The
two EAM branches are combined again by a 2 x 2 MMI before
being emitted from the chip. The parallel EAM configuration
allows the wavelength conversion and label-writing functions to
take place independent of one another, with a simple bias config-
uration. A picture of the final fabricated device is shown in Fig. 2.

The operation of the optical gate for wavelength conversion
can be described by a three-step process, as shown in Fig. 3.

Receiver

On Chip 0

Fig. 3. Example of the three-part transfer function for the field-modulated
optical gate. Circuit diagram is shown in the lower left.

First, the input signal, which is optically preamplified by the
receiver SOAs, is incident on the PD to generate photocurrent.
This current is dissipated by a load resistor, which provides
the transimpedance to change the voltage across the EAM. The
corresponding change in electric field reduces the absorption
in the EAM from its normally “OFF” state, thereby opening the
gate. In this way, the input signal can be transcribed onto any new
output wavelength within the tuning range of the SG-DBR. The
efficiency of the gate is dependent on the gain of the receiver
and the extinction characteristics of the EAM, as well as the
resistor value selection. The individual component performance
will be further discussed in Section IV.

For this device, a thin-film load resistor has been integrated
onto the chip. A dc-blocking capacitor is also incorporated to al-
low for simple reverse biasing of the PD and EAM with a single
dc voltage. The on-chip termination allows wavelength conver-
sion to be performed without any external microwave circuitry
or bias tees, and greatly simplifies packaging and operation [8].
The bias configuration is shown in Fig. 3. A similar resistor and
capacitor are also used to terminate the label-writing EAM.

III. DUAL QUANTUM WELL INTEGRATION PLATFORM

As described before, this field-modulated wavelength con-
verter requires the integration of four types of optical compo-
nents with diverse functionalities. These include the gain el-
ements, i.e., laser and amplifier, and the absorption elements,
i.e., modulator and PD. In addition, low-loss passive regions
are also desirable for transporting signals between the compo-
nents. Therefore, a versatile integration platform is essential for
achieving optimal device performance. In this case, we have
adopted a dual quantum well (DQW) integration platform as
described in [10].

The epitaxial layer structure consists of a single InGaAsP
waveguide core surrounded by upper and lower InP cladding
layers shown in Fig. 4. Within the core, there are two different
multiquantum well stacks. An upper set of seven offset quantum
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Fig. 5. Index and optical mode profile for the “active” (dotted) and “passive”

(solid) regions of the device.

wells (OQWs) with a band edge corresponding to 1540 nm is
used to provide optical gain. A second set of ten quantum wells
centered in the core (CQW) is detuned 70 nm from the operating
wavelength (Aqw = 1470 nm) and is used to provide modulation
efficiency under reverse bias. Active and passive regions of the
device are defined by selectively removing the OQWs prior to
regrowth of the upper InP cladding. A simulation of the optical
mode profile in both the active and passive sections is shown in
Fig. 5.

The DQW platform is advantageous because it can be im-
plemented with only a single blanket regrowth, and therefore,
allows for relatively simple fabrication and high yield. How-
ever, because this platform provides only two distinct bandgap
regions within the chip, there are inherent tradeoffs in perfor-
mance for each of the device components. For example, because
both the SOAs and the laser make use of the same OQW gain
material, a compromise must be made between the laser gain
and amplifier saturation power. Similarly, because the CQWSs

Sampled grating DBR laser

Phase Gain Front Mirror

Back Mirror

Fig. 6. Schematic of the SG-DBR laser cross section showing the waveguide
structure of the gain, phase, and mirror sections.

are present throughout the entire wafer, the band edge of these
wells must be carefully chosen to balance modulation efficiency
of the EAM under reverse bias with passive waveguide loss in
the unbiased regions. Finally, the DQW does not allow for an
optimal PD structure to achieve both high bandwidth and high
saturation power. While the best reported high-power PDs typi-
cally make use of bulk absorbing in conjunction with an intricate
doping scheme, as in unitraveling carrier (UTC) [11], [12] or
partially depleted absorbers (PDAs) [13], this is not possible
without an additional regrowth. For simplicity, we have instead
chosen to implement a QW pin detector by using the offset
gain region under reverse bias as the absorbing medium. By
proper design of the device geometry, these PDs are capable
of high-bandwidth operation (40 Gb/s) and good responsivity
(1.00 A/W).

IV. INTEGRATED COMPONENTS AND CHARACTERIZATION

The performance of each of the integrated components has
been optimized within the limits of the DQW platform. Here, we
discuss the design and the characterization of these components,
and their overall impact on the performance of the wavelength
converter.

A. SG-DBR Laser

The SG-DBR laser was chosen for this paper because of its
robust fabrication process and ease of integration. The laser
consists of a 550-um-long active gain section and a 50-um-
long phase section, surrounded by two mirrors, as shown in
Fig. 6. The mirrors make use of periodic gratings, patterned
by holographic lithography, to obtain a comb-like reflectivity
spectrum. Because the sampling period differs between the front
and back mirrors, current injection can be used to shift the
relative reflectivity of each of the mirrors to select out a single
supermode. This principle allows for Vernier-based tuning to
achieve lasing over a wide wavelength range [14].

Fig. 7 shows the measured LIV characteristic for the integrated
laser. The optical power was measured on chip by reverse biasing
the output SOA. The threshold current for the device is 45 mA,
and 19 mW of power is possible when biased up to 150 mA.
The 400-pm-long output SOA additionally produces up to 6 dB
of gain. However, it is typically driven with a lower current to
limit the amplified spontaneous emission (ASE) contribution.
The laser demonstrates continuous tuning over the range of
1524-1564 nm, as shown by the overlaid supermode spectra
in Fig. 8. The fiber-coupled output power after the modulation
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Fig. 8. Overlaid output spectra of nine supermodes from the SG-DBR laser.

region ranges from —2 to 4 dBm, and greater than 30 dB side-
mode suppression is observed over the entire tuning range.

B. Traveling-Wave EAMs

For the modulators in this paper, we have implemented a
traveling-wave (TW) electrode design such that the electrical
signal copropagates with the optical wave to achieve coherent
interaction along the device length. With this configuration, it
is possible to surpass the traditional RC frequency limitation
of the device so that very high bandwidth can be achieved.
In a TW-EAM, the instantaneous forward traveling voltage
on the electrode is directly proportional to the characteristic
impedance Z

vVt = ZOIphot0~ (D

Therefore, for the given amount of photocurrent from the PD
(Uphoto), it is advantageous to raise Zj to achieve a higher drive
voltage, and consequently, improve the modulation efficiency.
Here, we have implemented two techniques for raising the char-
acteristic impedance, both of which involve reducing the capaci-
tance per length of the TW-EAM. The first is selective undercut
etching of the modulator waveguide to reduce the underlying
junction capacitance [15], [16]. This requires first transitioning
from a surface ridge waveguide into a deeply etched structure in
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Fig.9. SEMs of a high-impedance TW-EAM structure. (a) Periodic microstrip
electrode design. The modulator has been cleaved halfway along the length.
(b) Cross section of the ridge waveguide with selectively undercut intrinsic
region for low capacitance.

the modulator region. A lateral selective wet etch with sulphuric
acid and hydrogen peroxide is then used to reduce the width of
the InGaAsP intrinsic region. In this case, the EAM waveguide
width has been reduced from 3 pm down to 1.1 pm wide, as
shown in the SEM cross section in Fig. 9.

The second technique that has been utilized is periodic
loading of the transmission-line structure. By alternating be-
tween high-impedance microstrip sections and capacitively
loaded modulation sections, a higher average impedance can
be achieved [17]. The EAMs in this paper are designed with
five 50 pm stages for a total modulation length of 250 pm.
The periodic electrode, as shown in Fig. 9, uses a 1:3 ratio of
loaded to unloaded sections. The lengths of the electrical and
optical paths through the EAM are designed such that the prop-
agation times are equal to provide effective velocity matching.
Together with the undercut etched waveguide, the periodic elec-
trode structure effectively doubles the characteristic impedance
of the TW-EAM from 20 to 40 2. The integrated load resistor
value (25 () is intentionally lower than Z; to create a reso-
nant reflection that leads to an enhancement in the frequency
response. From previously fabricated modulator test struc-
tures, we estimate the 3-dB bandwidth of the TW-EAM to be
>45 GHz.

The dc extinction of the TW-EAM has been measured across
the tuning range of the SG-DBR laser. Fig. 10 shows the ex-
tinction characteristics for varying reverse bias. The peak mod-
ulation efficiency ranges from 10 to 14 dB/V over 30 nm of
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Fig.10. DC extinction characteristic for the 250-zm TW-EAM over the tuning
range of the SG-DBR.

wavelength tuning. The efficiency is the highest at the shortest
wavelength, where the detuning from the absorption edge of
the CQW is the least. However, the shorter wavelengths also
incur higher insertion loss. The modal passive waveguide loss
in the device has been measured to be between 4 and 11 cm ™!
(1.74-4.78 dB/mm) for wavelengths from 1562 to 1528 nm.
The undercut waveguide structure in the EAM adds an addi-
tional 7 cm™! (3.0 dB/mm) of modal loss. This is possibly due
to increased overlap of the mode with the zinc-doped upper InP
cladding in this region, which results in higher absorption.

C. SOA-PD Receiver

Since there is no electronic amplification of signals in this de-
vice, wavelength conversion relies on directly driving the EAM
with the photocurrent from the PD. Therefore, achieving high
saturation power in the SOAs and PD is very important for
generating high voltage swing and minimal pattern dependence
caused by slow carrier lifetimes. The two-section receiver SOA
uses a short (400 pm) gain stage followed by a long (800 pm)
high-power stage. The two-stage design enables independent
biasing of the two amplifiers so that the input power into the
second stage can be adjusted to achieve the maximum output
without signal degradation. A signal monitor pad between the
two SOAs offers the possibility for implementing automatic
gain control with an external feedback circuit, although this has
not yet been demonstrated.

The low confinement factor (0.07) of the OQW gain region
is beneficial for providing SOAs with high saturation power. To
further increase the saturation power in the second stage, the
width of the waveguide is flared to reduce the optical power
density as the total power increases. By linearly flaring the
the ridge from 3 to 12 um wide, the saturation power can be
increased by 4 dB [18]. In this case, the 1-dB output compression
power of the second receiver SOA is 16.3 dBm.

Under reverse bias, the OQW material provides a modal ab-
sorption coefficient of 450 cm~!, which allows for short PDs
with high quantum efficiency. However, using QWs as the ab-
sorbing medium in the PD introduces the possibility of space
charge accumulation under high-power illumination. To im-
prove the saturation power of the QW-PD, the front end of

Fig. 11. SEM of the receiver depicting the flared ridge SOA followed by the
high-power QW PD.
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Fig. 12.  Measured receiver gain and generated photocurrent as a function of
input power.

the detector is kept wide, similar to the SOA, to reduce the op-
tical power density. As the power is absorbed along the length,
the waveguide is tapered to reduce the total capacitance. An
SEM of the receiver structure depicting the flared and tapered
waveguide is shown in Fig. 11. For the 35-um-long PD, tapered
from 9 to 5 pm, the bandwidth is greater than 20 GHz and —3 V
bias is sufficient to maintain unsaturated operation with 20 mA
of average photocurrent.

Because the gain material is comprised of compressively
strained QWs, the receiver is highly polarization sensitive.
Therefore, the input polarization was adjusted to TE orienta-
tion in all experiments. Fig. 12 shows the gain and photocurrent
generated by the receiver for a 1550-nm CW input signal. For
dc biases of 70 and 310 mA on the two SOAs and —3.0 V on
the QW pin PD, the total gain of the receiver is about 20 dB.
The maximum photocurrent observed is greater than 60 mA.
However, at this operating point, the SOA gain has signifi-
cantly rolled off due to saturation. The 1-dB gain compression
point occurs at an input power of —6 dBm. This corresponds
to 32 mA of linear dc photocurrent available for driving the
TW-EAM.
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Fig. 13.

Photograph of DUT mounted and wirebonded to an AIN carrier.

V. WAVELENGTH CONVERSION EXPERIMENTS

A series of wavelength conversion experiments have been
performed to characterize the overall device performance. For
these experiments, the device was soldered to an aluminum ni-
tride carrier and wirebonded such that a single dc probe card
could be used to apply all dc biases (Fig. 13). A 0.22-uF capac-
itor was mounted on the carrier and placed in parallel with the
on-chip capacitor to improve the low-frequency response of the
optical gate circuit. Input and output signals were coupled to
and from the chip using conically tipped lensed fibers. The tem-
perature of the copper test stage was maintained at 13 °C during
these experiments to achieve the optimal gain in the SOAs.

A. Small-Signal Response

Although this device was designed for large-signal digital
modulation, small-signal measurements are useful for charac-
terizing the microwave circuit design and observing the carrier
dynamics within the receiver. Fig. 14 shows the normalized
optical-to-optical small-signal response for conversion from
1548 to 1554 nm. The transmitter and receiver were biased such
that the average photocurrents in the EAM and PD were 8.5 and
20 mA, respectively. Over the measurement range, a broadband
inductive peak is observed due to the high-impedance electrode
design in the EAM. For reverse biases greater than 3 V, there is
no degradation in the response up to 20 GHz. For less than 3 V
reverse bias, the corresponding applied field in the PD is insuffi-
cient to quickly sweep the generated carriers out of the junction.
The accumulation of localized space charge can be recognized
by the resulting degradation in the device bandwidth. The small
resonance in the response at 1 GHz is caused by the inductance
of the wirebond used to bias the optical gate [8].

B. Digital Performance

The wide bandwidth of this device makes it well suited for
high-speed digital operation. To characterize the large signal
behavior, we have examined the bit error rate (BER) perfor-
mance using pseudorandom bit sequences (PRBSs) at 40 Gb/s
with nonreturn-to-zero (NRZ) format. The experimental setup
used for these digital wavelength conversion measurements is
shown in Fig. 15. PRBS data generated by a BER tester (BERT)
was used to modulate an optical transmitter, and was passed
through an erbium-doped fibre amplifier (EDFA), optical fil-
ter, polarization controller, and attenuator, before being coupled
into the device under test (DUT). The converted output signal
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Fig. 14.  Small-signal optical-to-optical response of the wavelength converter.
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Fig. 15. Measurement setup for characterization of the wavelength conversion

performance. BER of converted signal is compared to back-to-back transmission
for varying power into the optical receiver.

was passed through a second attenuator, followed by an opti-
cally preamplified receiver that was connected back to the error
analyzer of the BERT. The attenuator following the DUT was
used to reduce the power into the receiver to a level at which
errors could be recorded. The resulting BER for each received
power was then compared with back-to-back transmission to
compute a power penalty. The word length in these experiments
was limited to 27 — 1 because of pattern-dependent effects in the
measurement setup.

Before measuring the BER over the wavelength tuning range,
the optimal input power and operating conditions for the device
were determined. The optimal bias point for the receiver SOAs
was found to be 9 kA/cm?, which corresponded to the highest
gain and saturation power. The laser gain section and the trans-
mitter SOA were biased with lower current density (5.8 and
2.5 kA/cm?, respectively) to limit the EAM photocurrent and
reduce thermal crosstalk. The bias of the optical gate was cho-
sen to take advantage of the highest modulation slope efficiency
for the output wavelength of the SG-DBR. Using these condi-
tions, the input power into the device was varied to determine
the best BER, as shown in Fig. 16(a), for wavelength conversion
from 1550 to 1548 nm. From this measurement, we have ex-
tracted the power penalty measured at a BER of 10~ between
back-to-back and the wavelength-converted signals, as shown
in Fig. 16(b). Also measured were the extinction ratio of the
output signal and the wavelength conversion efficiency, defined
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as the ratio of power between the converted signal and the input
signal at each facet. Since no mode converters were present in
this design, the fiber coupling loss added an additional 4 dB of
loss at each facet.

The dynamic range measurements show that the output ex-
tinction ratio increases with input power, resulting in a reduction
in the power penalty. As the input power approaches the 1-dB
saturation point of the receiver SOA, the output extinction be-
gins to level off due to the reduced gain. Input powers above
—6.4 dBm were not tested with these bias conditions to avoid
damaging the PD, since failure has been observed at 200 mW
of dissipated power. Operation with input powers as high
as +5 dBm was possible by adjusting the bias of the first SOA
stage to reduce the total gain. This, however, resulted in signifi-
cant reduction in conversion efficiency.

Wavelength conversion performance was evaluated as a func-
tion of input wavelength. Fig. 17(a) shows the resulting BER
measurements for varying input wavelength with —6.4 dBm
input power. Error-free wavelength conversion was observed
over the range of 1535-1560 nm. The measured power penalty,

extinction, and conversion efficiency are shown in Fig. 17(b).
Less than 3 dB power penalty is observed over the tuning range
compared with back-to-back transmission. This includes the
case of conversion back to the same wavelength (1548 nm to
1548 nm). The device exhibits the best performance when the
input wavelength corresponds to the gain peak of the receiver.
This results in a power penalty of 1 dB and a conversion effi-
ciency of —2 dB.

BER measurements of wavelength conversion to varying out-
put wavelengths have also been performed. Fig. 18 shows the
BER measurements for three output wavelengths: 1537, 1548,
and 1559 nm. For these measurements, the back-to-back data
were compared at the same wavelength as the output from the
device to eliminate the wavelength dependence in the measure-
ment setup. The bias of the optical gate was adjusted to achieve
the lowest power penalty at each wavelength. Error-free trans-
mission was observed in all three cases with less than 1 dB
power penalty. Fig. 19 shows the converted 40 Gb/s eye dia-
grams, which were taken at the lowest power penalty for each
wavelength. The output extinction and bias condition are listed
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Fig. 19. 40 Gb/s NRZ input and wavelength-converted eye diagrams corre-
sponding to the BER measurements in Fig. 18. Gate bias and output extinction
are listed.
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Fig.20. Output optical spectrum from the wavelength converter demonstrating
45 dB input suppression. Inset shows higher resolution plot of the output signal
with 40 Gb/s modulated data spectrum.

for each case. The summary of performance in Fig. 18(b) exem-
plifies the tradeoff introduced by the wavelength dependence of
the EAM. For shorter wavelengths, the modulation efficiency is
higher, which produces greater extinction. However, the passive
optical loss is also increased, which leads to lower output power,

TABLE I
OPERATING CONDITIONS AND TOTAL POWER DISSIPATION
V (V)| I@mA) | P (mW)
SG-DBR Gain 1.7 115 195.5
Trans. SOA 1.6 60 96
Rec. SOA 1 2.1 100 210
Rec. SOA 2 2.1 300 630
Mirrors / Phase 1.3 50 65
PD -4.2 28 117.6
EAM 1 -4.2 12 504
EAM 2 -4.2 12 50.4
Load Resistor 1 40 40
Total 1454.9

and hence lower conversion efficiency. The opposite result oc-
curs for the longer output wavelength; however, in all cases, the
total power penalty remains relatively constant.

The optical spectrum of the converted output signal is shown
in Fig. 20 for input and output wavelengths of 1560 and
1548 nm, respectively. Because of the spatial separation of the
input and output signals within the device, the input suppression
ratio at the output is greater than 40 dB. As shown in Fig. 20,
the input power level is on the same order as the side-mode
suppression of the SG-DBR laser.

The total power dissipation of the device has also been cal-
culated. The normal operating conditions and the power contri-
bution from each component on the chip are listed in Table L.
During wavelength conversion of PRBS data, the total power
dissipation is slightly lower than 1.5 W. For no input signal, or
for bursts of data with short duty cycles, the power dissipation
is reduced to around 1.35 W due to lower average photocurrent
generated in the optical gate.

VI. LABEL WRITING

The capability of optical label writing with this device has
been demonstrated using PRBS data to modulate the EAM in
the other transmitter arm. A modulation rate of 10 Gb/s was cho-
sen, since this slower data rate would be more easily processed in
a realistic optical router. A 2.0-V peak-to-peak drive signal was
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Fig.21. BER measurements for external modulation of label-writing EAM at

10 Gb/s. Eye diagrams at each wavelength are shown.

applied by directly contacting the chip with a ground-signal—
ground probe. Again, the dc bias for the EAM was adjusted
to take advantage of the maximum modulation efficiency for
each wavelength. Fig. 21 shows the BER for the 10 Gb/s mod-
ulation for varying output wavelengths. Less than 1 dB power
penalty over the output tuning range was observed. The corre-
sponding eyes diagrams demonstrate an output extinction ratio
greater than 9 dB in all cases, and the output power was —6 to
—6.5 dBm.

VII. CONCLUSION

This paper has presented a monolithic widely tunable wave-
length converter based on a field-modulation technique. The de-
vice integrates a tunable SG-DBR laser, high saturation power
SOAs, and high-speed EAM and PD, using a single regrowth
fabrication process. The device geometry of each of the in-
tegrated components has been optimized to achieve efficient
40 Gb/s operation. The integrated receiver demonstrates >20 dB
of gain and is capable of producing >30 mA of unsaturated pho-
tocurrent. The EAMs in this paper have demonstrated greater
than 10 dB/V modulation efficiency over a wide optical band-
width of 30 nm. Selective undercut etching and periodically
loaded transmission lines have been used to double the char-
acteristic impedance of the modulator for higher speed and in-
creased voltage swing. Wavelength conversion has been demon-
strated for 25 nm of input tuning and 22 nm output tuning, with
3 and 1 dB power penalty, respectively. The output extinction
ratio of the converted signal was greater than 8 dB for all cases,
with as high as —2 dB conversion efficiency. Conversion back to
the same wavelength was demonstrated, as well as >40 dB input
signal suppression at the output. This device also has been used
for 10 Gb/s data transmission, which demonstrates potential for
use in optical packet switched networks. Future work is focused
on fast wavelength tuning to demonstrate packet routing as well
as dynamic label encoding with simultaneous wavelength con-
version. These experiments will confirm the viability of this
wavelength converter in all-optical routing applications.
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