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INTRODUCTION

As optical transport networks migrate from 2.5Gbps and 10Gbps to 40Gbps line rates, the selection of a
suitable 40Gbps modulation format is an important consideration. Service providers will only consider
large-scale deployment of 40Gbps technology if their performance and cost requirements are satisfied.
In general, the 40Gbps transponders should be priced below 4 times existing 10Gbps equivalents, while
the 40Gbps wavelength deployment rules should match the existing 10Gbps link engineering rules as
close as possible. This application note considers the advantages and limitations of 3 potential 40Gbps
modulation formats —Phase-Shaped Binary Transmission (PSBT), Carrier-Suppressed Return-to-Zero
(CS-RZ) and Differential Phase Shift Keying (DPSK), and compares how they measure up against key
service provider requirements.

40GBPS MODULATION SCHEMES DESCRIPTION AND COST STRUCTURE

The following paragraphs describe the high level block diagrams for each modulation format. This is
useful to compare the implementation complexity, which directly translates into cost.

1.1 Phase-Shaped Binary Transmission (PSBT)

The PSBT block diagram is shown in Figure 1. This design only requires a single modulator/driver and
a single direct-detection photodetector. As 40Gbps PSBT has a high intrinsic tolerance to Chromatic
Dispersion (CD), an integrated Tunable Dispersion Compensator (TDC) is not required. The critical
enabling components for PSBT are the precoder and encoder, which are implemented in the electronic
domain and hence are low-cost. PSBT has the lowest cost structure of the 3 modulation formats
considered.

Figure 1. PSBT Implementation
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1.2 Carrier-Suppressed Return-to-Zero (CS-RZ)

The block diagram for CS-RZ is shown in Figure 2. At the transmitter, CS-RZ requires two modulators
and two driver amplifiers. The increased insertion loss of the two cascaded modulators (typically
LiNbO3 with around 8dB insertion loss each) requires an additional EDFA to provide adequate transmit
output power. At the receiver, an integrated TDC is always required due to the poor chromatic
dispersion tolerance of CS-RZ. The higher complexity of CS-RZ increases the cost by around 30%,
compared to PSBT.

Figure 2. CS-RZ Implementation

1.3 Differential Phase Shift Keying (DPSK)

The DPSK block diagram is shown in Figure 3. The DPSK transmitter (NRZ type) is very similar to a
PSBT transmitter. The precoder is identical and the modulator driver has the same drive level,
bandwidth requirement and biasing. The only difference in the transmitter is that the PSBT encoder is
removed. At the receiver, DPSK is more complex as a delay-and-add Mach-Zehnder Interferometer
(MZI) is required to decode the DPSK signal, followed by a balanced photodetector. DPSK has a
similar chromatic dispersion tolerance to CS-RZ, so an integrated TDC is also always required at the
receiver.


