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Abstract: Proposing a photonic transmission system generated by Mach-Zehnder (MZ) modulator, that
is based on binary phase shift keying (BPSK) and quadrature PSK(QPSK) and amplitude shift keying
(ASK) modulation limits and spectral efficiency have been considered, simulation models are
developed for evaluation of the system transmission performance. The multi—level optical signal
spectra, eye diagrams and bit error rates are obtained to demonstrate the lightwave modulated multi-
level scheme transmission over the dispersive single mode optical fibers.
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INTRODUCTION

DWDM (Dense Wavelength Division Multiplexing) system, over the last few years, duo to the increasing
demand of broadband services, the necessity of upgrading the current Dense Wavelength Division Multiplexed
10 Gb/s channel system to DWDM 40 Gb/s channel becomes more and more crucial. Recently several
modulation techniques based on phase modulation and detection such as binary phase shift keying(BPSK),
quadrature PSK (QPSK) have attracted significant interest as alternatives for conventional on-off keying(OOK
or amplitude shift keying-ASK),(Hayase, S., et al; Tran, D.D., 2005).However, in these schemes the number
of levels encoded in signal symbol falls far behind 256 or 1024 achieved in their microwave modulation
counterparts(Hayase, S., et al).this is duo to the phase noises associated with optical sources and optical
amplifiers(OAs) employed along the transmission in-line fibers. Furthermore the demands of upgrading the
transmission capacity over currently installed optical fibers require bandwidth effective modulation schemes
for long haul optically amplified transmission. One possibility for increasing the Channel capacity is to employ
multi-level modulation scheme, hence the symbol rate can be reduced proportionally to log,M ,where M is
number of signal levels. In this paper, in order to significantly increase the number of levels, hence obtaining
spectral efficiency, we propose the use of QPSK in combination with ASK to create multi —level amplitude
phase shift keying (MAPSK) signal. Thus we employ a hybrid modulation scheme taking advantage of the
amplitude and phase modulation techniques that have been well developed. A MAPSK signal can be generated
by a number of discrete phase and amplitude modulators in cascade (Hayase, S., ef a/; Ho, K.P., 2005). In
this paper, we also report a simpler and more efficient alternating technique for generating MAPSK signals
using only a single dual-drive electro —optic Mach Zehnder interferometric modulator (MZIM) (Hayase, S., et
al; Tran, D.D., 2005; Ho, K.P., 2005).

Dual-drive Mzim and Mapsk Signal Generation:

The constellation of 16-ary MAPSK signal is shown in Fig.l1. and indeed, a combination of 4-ary ASK
and QPSK schemes. The four bits [ D, , D,, D, , D, ] are mapped into a symbol, among them two bits [D ,
D, ] are coded into four phases[0,n/2,n,3n/2] and two bits[D, , D, ] are encoded to create four amplitude levels.
As demonstrated in Fig.1.with the use of a balanced optical receiver and a photonic delay interferometer (D1),
the MAPSK scheme produces a clear QPSK eye opening centered at zero-voltage decision level only when
constellation points are positioned in a radial pattern as shown in Fig.l.
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Fig. 1: In-phase and quadrature ASK and PSK inter-level signal-space and intensity detected signal levels.

A Dual-Drive MZIM has two driving voltages that independently modulate the phases of the lightwave
carriers passing the top and the bottom waveguide branches as shown in Fig.2. when the phase shifts applied
to the branches are electrically in phase, the interference at the output of the dual-drive MZIM produces phase
modulated lightwave.However,when the phase shifts in the two branches are exactly equal but opposite in sign
the output signal is intensity modulated. Thus the dual-drive MZIM can be used for both phase and intensity
modulation simultaneously, [1,2]. That means that to generate a MAPSK signal using the dual-drive MZIM,
it is not necessary to employ separate phase and amplitude modulators .the relation between signals at the input
and output fields £ and E of the dual-drive MZIM is:
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Where V,(t) and V,(t) are the time independent driving voltages(bias DC voltages included) applied to the
electrodes, V_ is the voltage required to provide a m phase shift of the carrier in each branch of MZIM,
(Agrawal, G.P., 2001).
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Fig. 2: Schematic diagram of an electro-optic dual-drive MZIM,the applied voltages V (t) and V,(t) are
superimpose by a Dc bias voltage and a time-variant signals coupled via a microwave bias-T
components.

Equation (1), suggests that with an appropriately chosen input signal E and driving voltages V (t),

input
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Linpur fmig
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V,(t), all signal points of the constellation can be constructed from two signal phasors 2 and
Einput /%2
: . indeed if E; , is chosen to be equal the electrical field corresponding to the signal
points in the largest circle of constellation, then a signal point E_,, with the phase shift ,in the circle n can
Einput g_i'ﬂi’!i'l Einput g_i'ﬂi’!i'z
be found as a sum of two vectors , I and 2 , where:
i ! f_En_ 7
Emil = 8i + arccos lr\__; |
Einputs (2)
. 2 f_En_ 7
fmi2 = 8i — arccos lr\__; |
Einputs (3)

The subscripts i and n denote the phase position and the order of the circle of interest respectively, as

shown in Fig.3.
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Fig. 3: Illustration of the relation between £, and E,, ,B¢ilO¢i2 in a phasor signal-space.

III. Result of Comparision in Modulation Technique for Photonic Transmission:
The Results of QPSK simulation in demonstrated as below in Fig.4-6.

Input Dats I Channgl Modulsted Wavedamn
2

Amplitude

Ijzlfl} 0408 05 0807 0502

Tirrade
3 Channel Modulated Waelorm
< 2 T T T
i § AN
.E a H E o i H i
o o0& 1 0438 049 05 051 0502
Time Time
l:l?l:hnrﬂul[nnt bat'symbol{phaze)) Data . QPSE Cutpul Waveform
2
? (1] [— o R
g H 32 ¥ H H
1] os 1 043 049 08 O0SH OS2
Tiena Teenae

Fig. 4: QPSK signals in part of transmission system
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Fig. 5: Filtered and unfiltered QPSK signals. e

Consideration of BER for two modulation technique are as below, we can compare them with theoretical result.
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Fig. 7: Frequency spectrum for QPSK.
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The Results of ASK, BPSK simulation is demonstrated as below in Fig 8§ — 10.
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Fig. 8: Filtered signal in BPSK
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Fig. 9: Frequency spectrum for BPSK.

Considerations of BER for two modulation techniques ASK and BPSK are shown as below, we can
compare them with theoretical result.
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Fig. 10: BER curves for ASK and BPSK Modulators
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1V. Conclusion and Evaluation:

Comparing these modulation techniques in BER,and spectral signals of these methods showed that the
MAPSK modulation in photonic transmission signal that combine two modulation techniques, ASK and
DPSK modulation, Offer a much higher bit rate than BPSK and QPSK formats, In other word for the same
effective signal bandwidth the channel capacity is M-times higher. Consequently these M-ary APSK offer
higher spectral efficiency and hence allowing upgrading of 10Gb/s or 40Gb/s dense wavelength multiplexed
optical transmission to 40Gb/s and 160Gb/s respectively,(Griffin, R.A. and A.C. Carter, 2002; Huang, J.A.
and K.P. Ho, 2003; Binh, L.N., 2006). Fig.12. show the BER for this modulation technique. ASK and QPSK
and its error probability can be evaluated as join error probabilities of two error probability of ASK and
QPSK .error probability of MAPSK is as Equation 4:
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Fig. 12: BER curve for MAPSK modulation technique.
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