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Abstract: A simple square 64-QAM generation technique usingpmmercially available dual-
drive 1Q modulator driven by 4-level and binary attecal signals is proposed. Polarization

multiplexed (PM) 64-QAM signals at 20Gbaud/s arpezimentally demonstrated.
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1. Introduction

Optical transport networks have been evolviogtinuously to deliver more than 100Gbit/s perrecie in
response to the sharp increase of the network ttgpd@mand. Coherent detection technologies withhtorder
modulation format such as 16-QAM have become the&ential candidate to realize 400Gb/s per channel
transmission. For the next target bit rate of 1/Sbjer channel, most of the research interestssfaou the
combination of many carriers to form a ‘super ct@nosing CO-OFDM or Nyquist WDM [1-2]. High speatf
efficiency formats such as 64-QAM at high baud eateessential to reduce the number of carriers.

Unfortunately, generating 64-QAM signals at tensGdfaud/s is no easy task, not to mention the ety
aspects of such generation techniques. 64-QAM Kgoca@n be generated using an integrated compleicabpt
modulator in parallel structure [3], or in seridtusture [4]. However, the complex structures o #4-QAM
modulators make them difficult to fabricate andytlage far from commercially available. Another ma@mmmon
method to generate 64-QAM signals is to drive glshdrive 1Q modulator with eight-level electricgignals. This
can be achieved by using digital-to-analog conver(BAC) [5], electrical-optical-electrical (E-O-HEhethod [6],
high power 3-bit DACs [7], or electrical resistigemponents such as combiners and attenuators¢&jp&red with
typical binary signals or four-level driving sigealised in 16-QAM transmitters, eight-level signate more
sensitive to intensity noises which can be intredliby impedance mismatches, signal reflections, Wteen the
baud rate increases, obtain high quality eighttlelextrical driving signals become much more arading.

In this paper, we propose and experimentally demnatesl a 20 Gbaud/s square polarization multipleieid)-
64-QAM transmitter using a commercially availablealidrive IQ modulator driven by four-level signalsd binary
signals. The reduced number of driving signal Iewehders this technique more practical and etsiee realized
in a high baud rate transmitter.

2. Operating Principle

The operating principle of the proposed 64-QAM sraitter is shown in Fig. 1. A commercially availakdual-
drive nested IQ modulator is used as the extermalutator. Each MZM in the dual-drive 1Q modulatsera dual-
drive MZM (DD-MZM), driven by a four-level signalna a binary signal for each RF input port as shawhig.
1(a). As a result, two independent eight-level atugé- and phase-shift keying (8-APSK) signalssnmethesized to
modulate thé andQ components of the optical carrier. Then the 64-Qgilyhal is generated by adding thendQ
components together.
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Fig. 1 Operation principle of the proposed 64-QAM transmitter using dual-drive IQ modulator driven by four-level and binary signals.
(a) 64-QAM generation with 1Q modulator; (b) Phasorresgntation for 8-APSK generation with DD-MZM.

The phasor representation for the 8-APSK generatidhel-arm of the 1Q modulator is shown in Fig. 1(b). The
DD-MZM is operated in push-pull mode and biasethatnull point. Binary signals with amplitudé, = and four-
level signals are used to drive the DD-MZM. Therftavel signals can be obtained by combining twoaby
signals with different amplitudes denoted \4s and V, withV, >V, . For square 64-QAM generation, eight

equidistant signal points on the constellation diag should be generated in parallel with ther Q-axis. Under
our proposed transmitter configuration, the eighhal points generated do not exactly stay in a.lRather, each
four of them lies on a circle. Nonetheless, we waglect any penalty resulting from such deviaticnT the ideal
constellation when the driving signals are consitigr smaller than the half-wave voltage Simulation results

show that the driving signals chosen in our expenta will induce a < 1 dB penalty compared with stendard
square 64-QAM constellation. Alternatively, optindgcision boundaries based on maximum likelihoodtber
metrics can be used to improve detection performdfel0]. In this case, the driving amplitude requients for
64-QAM signal generation can be graphically repmésein Fig. 1(b) ab=1.5d, andL=2d. These requirements can
be analytically expressed as

sin| Y VU | 2 g6 Yo VU | anasin| Yen | = gir] YL )
A, 2, N, 2,

For small driving signals, such requirements campgy be written ay, =4V, andV, =2V, .In this case, eight

constellation points along theaxis can be obtained in the I-arm of the IQ mottwlas shown in Fig. 1(b).
Similarly, eight constellation points can also leained along the Q-axis and the overall 64-QAMhalgcan be
generated by adding two 8-APSK signals inlte@dQ-arms.

3. Experimental Results

Fig. 2 shows the experimental setup for the prop@&keQAM signal generation technique. An exterrality laser
(ECL) with about 100 kHz linewidth is used as tt@nsmitter and the local oscillator. The dual-dii@emodulator
(FTM79600Ex, from Fujistu) is driven by two 4-levelectrical signals and two binary electrical signahe
20Ghit/s binary signals are obtained by multiplexiwo 10 Gbit/s data streams. The four-level eleatisignals are
generated with a 4-level signal generator by fegtlivo 20 Gbit/s electrical data streams. All thizidg signals are
de-correlated with each other by introducing 1 xsaedelay. The amplitudes of the driving signals adjusted
according to equation (1). The generated 20Gbabd/QAM signals are amplified by an EDFA and arenthe
launched into a PDM emulator, which consists ofotafization controller, polarization beam splittenhbiner
(PBS/PBC) and an optical delay line, to realize ®MQAM. Different amounts of ASE noise are loadedhe
signals to realized different OSNR values.
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Fig. 2 Experimental setup for the proposed 64-QAM signal generation technique. Binary electrical signals and 4-level electrical signals are

used to drive the dual-drive IQ modulator

On the receiver side, the signals are coherentigctied with a polarization-diversity receiver. tPafrthe CW
light of the transmitter ECL is used as the locstiltator, thus realizing self-homodyne detectidhe electrical
signals are then sampled for analog-to-digital (AéDnversion using a real-time oscilloscope (16Gidmndwidth,
50Gs/s sampling rate) and processed offline toop@rfnormalization, polarization de-multiplexing,réar phase
estimation [11], 681-tap LMS filter for performanogtimization followed by standard symbol detectamd bit-
error ratio (BER) estimation.
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Fig. 3 (a) Received signal distribution for the pwsed 64-QAM generator; (b) corresponding optipatsum.
(c) Back-to-back BER vs. OSNR using the propose®8M generation technique.

Fig. 3 shows the received signal distributions #mal corresponding optical spectrum of the 64-QAlhals
with an OSNR (in 0.1 nm) of 38dB. The 20dB bandWidf the 64-QAM signal is about 0.28nm. The baclk#ak
performance of the proposed 64-QAM generation teghnis investigated and Fig. 3(c) shows the BEROSNR
obtained from our experimental setup. The requDSNR to achieve BER = 2.4E-2 (20% SD-FEC threshiald)
about 27 dB using our proposed 64-QAM generati@hrigjue. It should be noted that required OSNR lzan
further reduced with higher bandwidth and low-naisal-time sampling scope.

4. Conclusions
We demonstrated a simple 64-QAM signal generatehrtique using four-level and binary electricahsig to
drive a dual-drive 1Q modulator. Experimental résudbr a 20 Gsymbols/s (240Gbit/s) system demotesiréhe

technique’s feasibility and potential as a simpégd more practical 64-QAM transmitter in future edmt
communication links.
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