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Abstract — A dual channel broadband surface mount optical
modulator driver has been developed for use in 100Gb/s fiber
optic transponders. Each channel is capable of delivering 4 to
8Vpp to each port of the optical modulator at data rates spanning
through 43Gb/s with adjustable crossing point and eye quality
control. This surface mount package solution enables a more
compact system design and use of simple low cost surface mount
assembly processes, eliminating the need for expensive
connectorized driver and MUX module solutions and eliminating
the need for expensive SMPM RF cable interconnects, which are
key requirements for next generation 100Gb/s transponders.
Index Terms — GaAs pHEMT, Broadband Amplifier, Optical
Modulator Driver, Surface Mount Package, 100Gb/s, DP-QPSK.

I. INTRODUCTION
Recent advancement in multi-channel broadband surface
mount optical modulator driver technology is a key enabler for
deployment of next generation 100Gb/s optical networks
which utilize high order data transmission techniques.
Development of 100Gb/s optical transponder technology is
rapidly accelerating to meet the high data rate needs of optical
carrier networks. Increasing spectral efficiency at 40Gb/s and
now 100Gb/s has been an area of focus over the past decade to
maintain compatibility with existing DWDM networks
enabling reuse of existing fiber plant. Over the past several
years 40Gb/s systems have been deployed over pre-existing
10Gb/s links and now 100Gb/s upgrades are feasible [1,3].
Birk et el reported in 2005 that replacing traditional binary
on/off keying (OOK) data format with more advanced
modulation formats, such as, differential quadrature phase
shift keying (DQPSK) and dual polarization multiplexed
quadrature phase shift keying (DP-QPSK), has enabled
40Gb/s systems to be deployed over existing 10Gb/s fiber
infrastructure by maintaining the 50GHz DWDM channel
spacing [1].
A similar scenario is recurring for 100Gb/s technology.
Today, the need for data continues its explosive growth.
Smart phones and tablet PC’s are driving wireless basestation
infrastructure upgrades from 3G to 4G which inevitably drives
expansion of optical backhaul to handle the increased payload.
Heavy video driven IP traffic, both wired and wireless, are
pushing optical data networks to their limits [2].
Recently, in 2010 Birk et al, demonstrated feasibility of
upgrading existing 10G fiber plant to 100Gb/s made possible
by using DP-QPSK modulation format in conjunction with
forward error correction (FEC) and digital signal processing

(DSP) compensation for chromatic dispersion impairments to
achieve the critical 50GHz wide DWDM channel [3]. In
2011, the Optical Internetworking Forum (OIF) released a
multi-source agreement (MSA) defining the 100Gb/s
transponder and the DP-QPSK optical modulator transmitter,
moving this technology closer to reality [4].
In this paper we will review recent results using a dual
channel surface mount solution for use in 100Gb/s DP-QPSK
modulator driver applications. This dual channel surface
mount solution enables a more compact optical transmitter
design, a key requirement for future 100Gb/s OIF MSA
standards. This surface mount solution enables use of simple
low cost surface mount assembly processes, eliminating the
need for an expensive connectorized driver module and a
connectorized multiplexer (MUX) module. In addition, this
surface mount solution eliminates the need for expensive
SMPM RF cable interconnects between the connectorized
MUX module and the connectorized driver module.
II. OPTICAL 100G DP-QPSK TRANSMITTER
The 100Gb/s DP-QPSK optical modulator, shown in Figure
1, consists of two optical vector modulators (X and Y) also
know as optical quadrature modulators that are polarization
multiplexed together. Each optical quadrature modulator

Fig. 1. 100Gb/s Optical Transmitter
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consists of two individual Mach Zehnder (MZ)
Interferometers, one for I and another for Q, which are
optically combined in quadradure. Notice the π/2 phase shift
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Fig. 2. DP-QPSK Constellation.

III. PACKAGED DUAL CHANNEL DRIVER
A top view of the dual channel surface mount package that
is capable of delivering 8Vpp through 43Gb/s for each
channel is shown in Figure 3. Each channel consists of state
of the art HAST compliant broadband distributed amplifiers
MMICs designed using TriQuint’s proprietary 0.15um
PHEMT process similar to our previous work [5]. The

cascaded amplifiers enables very easy adjustment of eye
quality and maintains high performance across temperature.
An important consideration of package design is isolation.
In the intended application, cross channel isolation from I to Q
is critical as this forms the vector within a given optical
polarization. Data leaking from I to Q can have a negative
impact on bit error rate. Figure 5 shows that the packaging
technology is capable of achieving 30dB of broadband crosschannel isolation.
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at the Q path. The electrical data at the RF input of each MZ
is a binary (two state) signal driving the MZ between -Vπ and
+Vπ, delivering 1 bit/symbol at a data rate of 28-32Gb/s. The
optical quadrature modulators are then multiplexed together
forming a DP-QPSK signal that transmits 4bits/symbol at a
data rate exceeding 100Gb/s shown in Figure 2.

Fig. 4. Small Signal Gain.
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Fig. 5. Cross Channel Isolation.

IV. QUAD CHANNEL DEMONSTRATION BOARD
Fig. 3. Dual Channel Modulator Driver

cascode topology chosen is a popular choice, enabling high
gain and high voltage swing to be realized over a very wide
bandwidth. Figure 4 showed small signal gain. Notice gain is
very flat through 32GHz and crosses 0dB gain above 50GHz,
showing a Bessel-like response, a first indication of good
electrical eye performance at high data rates. Saturated
bandwidth is near 37GHz. Broadband DC blocks are located
between each stage. The 3-stage architecture utilizing

A connectorized evaluation board and a bias board were
designed to easily and quickly evaluate performance of the
surface mount module in the intended application. Shown in
Figure 6 is a photograph of the quad channel 100Gb/s optical
modulator demonstration board. This evaluation platform is
sized to plug directly into a standard OIF compliant 100Gb/s
optical modulator using SMPM bullets. Notice the SMT
modules, DC blocks, and decoupling capacitors are reflowed
to a printed circuit board (PCB) using industry standard solder
reflow processes. The PCB consists of several layers. The
top layer is used for RF circuitry, the next layer is a prepreg
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Fig. 8. Electrical 32Gb/s Eye.

Fig. 6. 100Gb/s Modulator Driver Evaluation Platform.

layer, followed by several layers to route DC bias. Heat is
transferred from the bottom of the SMT package to heat sink
through thermal vias in the PCB. For convenience and ease of
evaluation, SMPM connectors are included at the input,
however, in an actual transponder implementation, these
connectors can be omitted and the RF input interconnects
routed directly from the outputs of the surface mount MUX to
the inputs of each surface mount driver using simple
microstrip transmission line techniques which are easily

of each channel XI, XQ, YI, and YQ. Notice the wide and
fast eye. The eye amplitude is 6V, RMS jitter is near 630fs,
rise time is near 10ps, and crossing is approximately 50%. An
amplitude of 6V is relevant since this is the approximate value
of 2Vπ for each of the four MZs within the 100G optical
modulator (previously shown in Figure 1).
V. 100GB/S OPTICAL MEASUREMENTS
The test setup used to evaluate optical performance at
100Gb/s is slightly different, shown in Figure 9. This setup
consists of a 100G MUX, a 100G optical modulator, a tunable
laser, and a receiver. A standard 100G MUX is used to
generated four data paths, each operating at a 32Gb/s data rate
using a PRBS of 2^31-1. All four data paths are connected to
the inputs of the quad channel evaluation board. In this case,
a Digital Communications Analyzer is used for the optical
receiver.
The optical eye is optimized by adjusting the DC bias

Fig. 7. Test Setup for Electrical Eye Measurements

realized on the printed circuit board (PCB). This eliminates
the need for expensive SMPM connectors and RF interconnect
cables.
The test setup to evaluate electrical eye performance is
shown in Figure 7. A standard 100G MUX is used to
generated four data paths, each operating at a 32Gb/s data rate
using a PRBS of 2^31-1. All four data paths are connected to
the inputs of the quad channel evaluation board. A digital
communications analyzer with a remote sensor is utilized to
measure the electrical eye at the output of each channel.
Figure 8 shows a typical electrical eye measured at the output

Fig. 9. Test Setup for Optical Measurements

conditions of the optical modulator and the output voltage
swing of each driver. The bias conditions for each of the four
MZ modulators within the 100G optical modulator and the
corresponding driver output voltage amplitude setting is
determined individually by viewing the BPSK waveforms for
each channel (I and Q) of each polarization (X and Y). The
data port of each channel (XI, XQ, YI, and YQ) is enabled one
at a time. Each MZ modulator is biased at null and the driving
amplitude of the corresponding driver is set to near 2Vπ.
Adjustments are made to optimize each optical BPSK eye. A
typical eye is shown in Figure 10.

Fig. 12. Optical 128Gb/s DP-QPSK Eye

VI. SUMMARY AND CONCLUSIONS

Fig. 10. Optical BPSK (I or Q)

Next the optical waveforms of each polarization are
evaluated and optimized. Data ports for I and Q are enabled
for one polarization at a time (X or Y). Small adjustments in
channel to channel skew, DC bias, and driver output
amplitude may be necessary. Figure 11 shows a typical QPSK
Optical eye out of the X polarization. In this case, the Y
polarization is disabled.

In this paper we presented recent results achieved for a dual
channel surface mount optical modulator driver configured for
use in 100G DP-DQPSK applications. Each channel is
capable of delivering 4 to 8Vpp at data rates spanning through
43Gb/s with adjustable crossing point and eye quality control.
This surface mount package solution enables a more compact
system design and use of simple low cost surface mount
assembly processes, eliminating the need for expensive
connectorized driver and MUX module solutions and
eliminating the need for expensive SMPM RF cable
interconnects, key requirements for next generation 100Gb/s
transponders.
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Fig. 11. Optical QPSK (X or Y).

Finally both polarizations are enabled simultaneously.
Figure 12 shows the optical 128Gb/s DP-QPSK eye at the
output of the optical modulator. After adjusting for X and Y
skew, the four crossing states are easily recognized. Notice
the narrow and broad data regions. This characteristic is a
good indication that BER and OSNR will be favorable, and
indeed this is the case.
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