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Abstract— In this paper,we review different modulation formats for phase shift modulation techniques. The performance of non-return to zero
differential phase shift keying, return to zero differential phase shift keying, and Differential Quadrature Phase shift Keying(DQPSK) modulation
format for the optical communication system is analyzed.
Index Terms— Differential Phase shift Keying(DPSK), Differential Quadrature Phase shift Keying(DQPSK),Non-return to zero(NRZ), return-to
zero(RZ), ON-OFF keying(OOK), Chromatic Dispersion(CD), Mach-Zehnder Modulator(MZM), Electro-absorption Modulator(E/OM),MachZehnder Delay Interferometer(MZ-DI),Self Phase Modulation(SPM),Cross Phase Modulation(XPM).

1 INTRODUCTION
The key parameter of optical system is the product of bandwidth and distance. Increase in the channel capacity and dense
channel spacing in DWDM systems can increase the capacity optical system . For long time on-off keying has been used in optical system. This type of modulation format has simple transmitters and receivers, as compared to systems needs some modifications in the system setup, which increases the system cost and complexity. But these DPSK and DQPSK system transmits information for high data rate and spectral efficiency for DWDM system. These types of modulation formats have integral better sensitivity of receiver . It can be received by using a balanced detector. These formats also reduce the distortion in signals such as
self phase modulation and cross phase modulation.[1]. For high speed system a DPSK or DQPSK formats are used in which
MACH-ZEHNDER delay interferometer (MZ-DI) is used because of narrow band filtering in high spectral efficient WDM
transmission system. For DPQSK transmitter also both return to zero (RZ) and non return to zero (NRZ) types of pulse shaping
scheme is used. The wavelength offset tolerance for high data rate DPSK and DQPSK modulation format has been demonstrated. According to that any wavelength offset between optical source and MZ-DI results in non-optimal interference at the output
ports and this may be a cause to severe system degradation and receiver power penalties.
This paper will review the basics of differential phase shift keying system. First the fundamentals of DPSK format are covered and then DPSK system with RZ and NRZ format are described and comparing their performances.
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2 DPSK FORMAT
PSK formats carry the information in the optical phase . At the receiver , the phase of previous bit is used as a reference of relative phase, results in differential phase shift keying(DPSK) The optical phase changes for DPSK system between the adjacent
bits a optical phase shift of either a 0 or180 is encoded with the binary data.[2]. The whole bit slot is occupied by the optical
power if each bit slot for NRZ-DPSK and as an optical pulse for RZ-DPSK. The main advantage of DPSK system is that it gives
3db lesser OSNR value for required bit error rate when comparing with ON-OFF keying.
There are some more benefits also exist of using DPSK modulation. A balance detection method for DPSK system has been
used successfully for large tolerance to signal power variations in the receiver decision circuit because the decision threshold is
independent of the input power. In balance detection, the robustness to narrow-band optical filtering in DPSK system is greater
than the OOK system. The DPSK system are more elastic to non-linear effects than OOK system. The results from the fact that,
the optical power is more evenly distributed as power is present in every bit slot in DPSK and the optical peak power is 3db
lower than OOK in DPSK for the same average optical power. The other multilevel modulation formats such as differential
quadrature phase shift keying enables the higher spectral efficiency and higher tolerance chromatic and polarization-mode dispersion.
2.1 Non-return -to-zero differential phase shift keying(NRZ-DPSK):
In optical phase shift keying, the phase of optical carrier is used for signal transmission . In initial times of optical communication system. The phase of phase based modulation was not stable enough to give a better performance because of poor semiconductor laser source.
Recently , by using single frequency laser source and optical a phase locking system the performance has been improved, DPSK
is the mostly used format. In the NRZ-DPSK transmitter, the NRZ data is encoded in DPSK encoder. In this DPSK encoder a
NOR gate followed by its 1 bit delayed XOR gate. This combination gives the encoded DPSK signal which is then used to operate an electro-optic phase modulator. The output of the electro-optic phase modulator is DPSK optical signal . This optical signal
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is modified according to the output of DPSK encoder by using E/O phase modulator. By keeping signal optical power constant,
a change of Π phase in the optical carrier between the continuous data bit is given for a digital “1”.
one bit mach-zehnder interferometer (MZI) is used to co-relate each bit with neighboring bit at the receiver and this converts the phase into intensity if two continuous bit are in same phase then they are added and gives a high level of signal and if
two continuous bits are in phase difference of Π then they cancel each other and gives a low level signal.
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Figure[1]. NRZ-DPSK Transmitter and receiver

A practical DPSK receiver use a MZI which has two balanced output ports a photo diode is used at each port the photo current
of these photo diodes doubles the elev of signal when they combine so the sensitivity of receiver is enhanced by 3 db .

Figure[1]. DPSK receiver:(a)Direct detection,
(b) Balanced detection
In DPSK optical signal in carrier component is present in optical field spectrum and with NRZ coding optical find switch between “1” and “-1” in spite of the optical power cap constant. Because of the constant optical power the performance of DPSK is
not affected by non-linear effects of optical power modulation. The non linear affects such as SPM and XPM do not effect much ,
but the effect of chromatic dispersion may occur. Phase modulation can be converted into intensity modulation through group
velocity dispersion(GVD) and the SPM and XPM may contribute to wave form distortion to some extent. [4] The performance of
DPSK system is limited by non-linear phase noise in a long distance DPSK system with optical amplifiers.
2.2 Return -to -Zero differential phase shift keying (RZ-DPSK):
RZ-DPSK has suggested to enhance the system tolerance to non-linear distortion for a long distance transmission. An optical
pulse is present in each bit slot in this modulation format and encoding of binary data is as either zero or a pie phase shift between continuous bits. The width of optical pulses in RZ-DPSK is narrower then the bit slot. The RZ DPSK signal is generated
by NRZ-DPSK system followed by 1 more intensity modulator. The block diagram for RZ-DPSK transmitter is shown in fig 2. In
this first a conventional NRZ DPSK optical signal is generated and then by using a periodic pulse signal the NRZ DPSK optical
signal is sampled at the same clock rate.
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Figure[2]. RZ-DPSK Transmitter and receiver
This modulation is also known as intensity modulated DPSK because of an another bit synchronized intensity modulator in
addition. As in this format the optical intensity of signal is not constant so the output signal may have the effect of SPM . The
width of optical pulse is less then the bit slot in RZ DPSK as compared to an RZ DPSK. So RZ DPSK has a wide optical spectrum because of which this will introduce the sensitivity to chromatic dispersion (CD) . In long distance optical system, periodic dispersion compensation is used and RZ modulation format makes it easy to find the optimum dispersion compensation because of its regular bit pattern [5]
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3 Differential Quadrature phase shift Keying(DQPSK)
DQPSK is a multilevel format use din optical communication system proposed later. In this format four phase shifts 0,+Π/2,Π/2, Π ) are transmitted at a symbol rate of half the total bit rate. A DQPSK transmitter consists two parallel MZMs phase modulator. Fig 3 shows the setup of transmitter for DQPSK. The transmitter of DQPSK has a continuous laser source and a splitter is
used to split the light from the source into two path. These two paths have equal intensity of light. The two MZMs work as
phase modulators so the output of one path of MZM modulator shifts the phase of optical signal by Π/2 phase and a adder
gives the output optical signal. A serial DQPSK transmitter setup is also possible[6].By using this type of transmitter setup, we
get almost perfect phase shift of Π which does not depend upon the drive overshoot and ringing. One more important advantage of using this transmitter is that it works on binary electronic drive signal and these can be easily generated at high
speed as compared to multilevel drive wave forms.

ʰʰ
Figure[3]. NRZ-DQPSK Transmitter and receiver
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To generate RZ DQPSK a pulse carver can also be used. the DQPSK and DPSK have identical optical system but for transmission at fixed bit rate the optical spectrum of DQPSK is compressed in frequency due to halved symbol rate by a factor of 2. This
compressed spectrum of frequency can give high spectral efficiency, high tolerance to chromatic dispersion and longer symbol
duration which makes DQPSK more robust to phase modulated dispersion (PMD).
To receive the DQPSK signal at the receiver, signal split into two signal of equal value. Balanced receiver are used in parallel
with differentially biased delay interferometers which demodulates those two binary data streams of DQPSK signals. The symbol duration for DQPSK demodulation in equal to the MZ-DI delay, which is twice of the bit duration.

Figure[4] shows the optical symbol diagram for DPSK and DQPSK modulation [2].
4

CONCLUSION

In this paper the performance of NRZ-DPSKK, RZ-DPSK, DQPSK for optical communication system is studied. It is observed
that NRZ modulation format does not have a best dispersion tolerance among other formats. The RZ pulse shape enables an
increased robustness to optic-fiber nonlinear effects and because of its broader spectrum it has a lower dispersion tolerance. As
we studied DPSK and DQPSK modulation formats in details. When using balanced receiver in phase modulated systems, they
have integral 3db enhanced receiver sensitivity. In DQPSK receiver by using MZ-DI high bit rate and high spectral efficiency can
be realized. It is also studied that use of a MZM phase modulator is useful in low driving voltage.

REFERENCES

IJOART

[1]

J. Leibrich, C. Wree, and W. Rosenkranz, “CF-RZ-DPSK for Suppression ofXPM on Dispersion-Managed Long-Haul
Optical WDM Transmission onStandard Single-Mode Fiber,” IEEE Photonics Technology Letters, vol. 14,
pp.155– 157, February 2002.

[2]

P. Hofmann, E. E. Bass, S. Gringeri, R. Egorov, D. A. Fishman, and W. A. Thompson, “DWDM Long Haul Network Deployment for the Verizon GNI Nationwide Network,” Proc. Optical Fiber Communication Conf. (OFC „05), Vol. 2,
(2005).
A. Gnauck, G. Raybon, S. Chandrasekhar, J. Leuthold, C. Doerr, L. Stulz, A. Agarwal, S. Banerjee, D.
Grosz, S. Hunsche, A. Kung, A. Marhelyuk, D. Maywar, M. Movassaghi, X. Liu, C. Xu, X. Wei, and D. Gill,
“2.5 Tb /s 64 * 42.7 Gb /s Transmission Over 40*100 km NZDSF using RZ-DPSK Format andAll-Raman- Amplified Spans,” OFC , 2002. Paper FC2.
T. Hoshida, et,al., “Optimal 40 Gb/s Modulation Formats for Spectrally EfficientLong-Haul DWDM Systems,” Journal of Lightwave Technology, VOL.20, NO.12, December 2002Advanced modulation formats for
high bit rate optical networks, Adissertation presented by Muhammad Haris in 2008.
A. Hirano, Y. Miyamoto, K. Yonenaga, A. Sano, and H. Toba, “40 Gbit/s l-band transmission experiment
using SPM-tolerant carrier-suppressed RZ format,”
Peter J. Winzer, and Rene-Jean Essiambre, “Advanced optical modulationformats,” Proceedings of the
IEEE, vol. 94, pp. 952-985, 2006. Electronic Leters., vol. 35, no. 25,pp. 2213–2215, 1999 Peter J. Winzer, and Rene-Jean Essiambre, “Advanced optical modulation formats,
Chris Xu, Xiang Liu, and Xing Wei, “Comparison of return-to-zero differential phase-shift keying and
on-off keying in ling-haul dispersion managed transmission”, IEEE Photonics Technology Letters , vol.
15, no. 4, pp. 617-619, April 2003 ” Proceedings of the IEEE , vol. 94, pp. 952-985, 2006.
P. J. Winzer, M. Pfennigbauer, M. M. Strasser, and W. R. Leeb, B, “Optimum filter bandwidths for optically preamplified RZ and NRZ receivers,” Journal of Lightwave Technology , vol. 19, no. 9, pp. 1263–1273, Sep. 2001.
Sen
Zhang,
“Advanced
Optical
Modulation
Formats
in
high-speed
Lightwave
system,”
www.ittc.ku.edu/publications/documents consulted on 03/01/2008
J. G. Proakis, Digital Communications, 4th Ed., McGraw-Hill (2000).

[3]

[4]

[5]
[6]

[7]

[8]
[9]
[10]

Copyright © 2013 SciResPub.

IJOART

International Journal of Advancements in Research & Technology, Volume 2, Issue 11, November-2013
ISSN 2278-7763
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]

76

M.I.Hayee and A.E.Willner, “NRZ versus RZ in 10- 40-Gb/s dispersion-managed WDM transmission systems,”IEEE Photonics Technology Letters, 2003.
H. Sunnerud, M. Karlsson, and P. A. Andrekson, “A comparison between NRZ and RZ data formats with respect to PMD-induced system degradations,” IEEE Photonics Technology Letters, 13(5):448–450, May 2001.
G. Castanon and T. Hoshida, “Impact of dispersion slope in NRZ, CSRZ, IMDPSK and RZ formats on ultra
high bit-rate systems,” European Conference on Optical Communication (ECOC), 4(9.6.1), September 2002.
Y. Painchaud, É. Pelletier, M. Guy, “Dispersion compensation devices: applications for present and future networks”, ECOC 04, (We2.4.1), 2004.
Hinz, S., Sandel, D., Noe, R., & Wust, F. (2000). Optical NRZ 2x 10 Gbit/s polarisation division multiplex transmission with endless polarisation control driven by correlation signals. Electronics Letters,
36(16), 1402-1403.
P. Kristensen, “Design of dispersion compensating fiber”, ECOC 04, (We3.3.1), 2004.
Hill, K.O.,"Photosensitivity in optical fiber waveguides: application to reflection fiber fabrication".
Appl. Phys. Lett. 32: 647, (1978).
Y.painchaud, M. Lapointe and M. Guy, “Slope- matched tunable dispersion compensation over the full Cband based on fiber Bragg gratings,” ECOC 04, (We3.3.4), 2004.
Björlin E. Staffan and Bowers John E., "Noise Figure of Vertical-Cavity Semiconductor Optical Amplifiers," IEEE Journal of Quantum Electronics, Vol. 38, No. 1, January 2002, pp.61-66.

IJOART

Copyright © 2013 SciResPub.

IJOART

