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The properties of the chirped fiber Bragg grating (CFBG) as a chromatic dispersion compensator 
in differential phase-shift-keyed (DPSK) transmission are analyzed. Comparisons of a performance 
of a CFBG in between DPSK and On-Off Key (OOK) are shown by simulations using the com-
mercial numerical modeling software, OptSimTM. In the simulation, we compared the performance 
of the CFBG when they were used in the RZ-OOK 40 Gbps and the RZ-DPSK 40 Gbps trans-
mission. The simulation results show the performance of an overall transmission with a CFBG in 
DPSK is inferior to the case of OOK, although DPSK generally has a 3 dB higher SNR (signal-
to-noise ratio) than OOK.
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I. INTRODUCTION

There has been lots of research in the field of optical 
modulation technologies such as return-to-zero (RZ), non-
return-to-zero (NRZ), and phase shift keying (PSK). 
Among them, the commercially used one is NRZ from 
OC-1 (54 Mbps) to OC-192 (10 Gbps). Nowadays, an 
optical speed over OC-786 (40 Gbps) in the back-bone 
area has been attractive due to the vast spread of high 
speed optical access networks such as PON, FTTH, 
and HFC. In the domain of OC-768, PSK transmission, 
especially differential PSK (DPSK), has several advan-
tages over on-off keying (OOK-RZ, NRZ) such as a 3 
dB higher OSNR [1-3]. In the high speed optical tran-
smission, there are a few obstacles to overcome, that 
is, an optical chromatic dispersion (CD) and a polariza-
tion mode dispersion (PMD). The PMD can be avoided 
by using a recently developed, commercially distributed 
optical fiber having very low PMD rather than the past 
conventional optical fiber. To solve CD, a dispersion com-
pensating fiber (DCF) or a chirped fiber Bragg grating 
(CFBG) can be used to compensate the optical dis-
persion resulted from the transmission fiber. In DPSK 

transmission, most research results ever published have 
used DCFs rather than CFBGs, and there are few resear-
ches about the properties of dispersion compensation of 
CFBGs. The effects of CFBG on the optical transmission 
system have been researched in the several papers [4-7]. 
In this paper, the comparison of a CFBG used in the 
OOK and the DPSK systems in 40 Gbps speed was shown 
by simulations. The whole simulations are performed by 
using the well-known commercial optical communication 
software, OptSimTM.

II. SYSTEM DESIGN AND SIMULATIONS

Fig. 1 shows the usual schematic of an optical DPSK 
transmission system where a CFBG is used as a chro-
matic dispersion compensating device

Optical pulses from a pulse laser are modulated in 
the phase domain through a phase modulator using a 
signal generator. The data encoded optical pulses are 
transmitted into the optical fiber, suffering from the 
chromatic dispersion, which results in pulse broaden-
ing. Through a CFBG, the distorted optical pulses can 
be recovered into recognizable optical pulses. In RZ-
OOK system, an optical pulse laser with Gaussian wave-
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FIG. 1. Schematic of an optical DPSK system with a 
CFBG as a chromatic dispersion compensator.

TABLE 1. The parameters for optical simulations in 
both optical modulation schemes.

Parameters Case 1 Case2

Transmission fiber length 22 km 40 km

Wavelength of light source 1549 nm

Average power of pulse laser 1 mW

Bit rate 40 Gbps

Super Gaussian order of pulse 
laser

1

Chirp 0 rad/mW

FWHM of laser pulse 16.5 ps

Duty ratio of pulse 33%

samples/bit 19

Total simulated bits 1024

Fiber charateristics
Only considering 

dispersion

Receiver sensitivity --17.9 dBm

FIG. 2. Reflection spectrum of a CFBG; a solid line 
is for an apodized grating, a dotted line is for a unapodized 
grating.

FIG. 3. The group delay properties of the CFBG in 
Fig. 2; the solid one is for an apodized grating, the dotted 
line is for an unapodized one.

form was used [8], and a pseudo random bit sequence 
(PRBS) generator and an electrical signal generator 
with an electrical Bessel filter were used to generate 
random data bit patterns. The optical pulses from the 
laser were modulated by the optical intensity modulator, 
transmitted through the transmission fiber, compen-
sated through a CFBG, and finally detected at the 
optical intensity receiver. In the simulation, optical losses 
were not included to only consider the dispersion effect, 
and hence, optical amplifiers were not used. An eye-
diagram and an eye-closure were calculated in the 
OptSim

TM
 automatically.

In RZ-DPSK, the optical pulses from the pulse laser 
were modulated in phase domain to encode the data 
bits from the PRBS, and other configurations are similar 
to those of RZ-OOK except the DPSK receiver. The 
lengths of the optical fiber in the simulations were 22 
km and 40 km. The parameters for optical simulations 
were shown in Table 1. 

The wavelength spectra of the CFBG used for the 
dispersion compensation are shown in Fig. 2. The solid 
line in Fig. 2 is for an apodized CFBG and the dotted 
one is for a unapodized CFBG. An apodization, which 
is to modulate the intensity of an UV (ultra violet) 
light in the fabrication process of the grating, needs to 
be done to enhance the properties of the group delay 
of a CFBG. The modulation profile of a UV light in 
this paper was a raised cosine waveform, which is 
generally used in the fabrication of a fiber grating. An 
unapodized CFBG has a worse group delay response 
than that of an apodized CFBG. Hence, in the dis-
persion compensation with a CFBG, the grating should 
have a good property of a group delay rather than the 
reflection characteristics of the grating. The reflection 
spectra of the CFBGs [9] in Fig. 2 were calculated 
using the MATLAB software.

Fig. 3 shows the group delay properties of the CFBG 
in Fig. 2. The group delay of the unapodized CFBG 
has a similar slope with that of the apodized one, but 
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FIG. 4. The calculated eye-diagrams for (a) 40 Gbps RZ-OOK with an apodized CFBG, (b) 40 Gbps RZ-OOK with 
a unapodized CFBG, (c) 40 Gbps RZ-DPSK with an apodized CFBG, and (d) 40 Gbps RZ-DPSK with an unapodized 
CFBG after 22 km transmission.

it has fast variations through the wavelength. The 
variation of the group delay is identical to the variation 
of optical phase because the group delay is calculated 
from the optical phase. The instability of the optical 
phase has an effect on the overall performance of the 
DPSK system. In OOK, the important factors are the 
reflectivity and the average slope of the group delay, 
and hence, the minute variation of the group delay is 
only a minor effect. It is difficult to find the effect of 
the variation of the group delay in the eye-diagram, 
but it can be easily recognized in the measure of the 
eye-closure.

The eye-diagrams for the apodized and unapodized 
CFBG in OOK and DPSK were calculated and shown 
in Fig. 4. From the eye-diagrams, an apodized CFBG 
has a good performance for compensating the chromatic 
dispersion. 

Fig. 5 shows the eye-diagrams of RZ-OOK and 
RZ-DPSK with a 40 km transmission fiber and 40Gbps 
speed when apodized CFBG is used. From the varia-

tions of optical phase in the CFBG, the DPSK shows 
a somewhat closed eye compared to that of OOK.

Fig. 6 shows the comparisons of eye-closures of the 
RZ-OOK and the RZ-DPSK systems when several 
CFBGs with various slopes of group delay are used to 
compensate the chromatic dispersion in 40 Gbps and 
fiber length of 22 km. Dispersion slope of CFBGs is 
changed to find the optimized dispersion compensation 
but they have the same total amount of dispersion. 
The numbers on the x-axis in Fig. 6 mean the disper-
sion slope; 0 means an original CFBG with unmodified 
dispersion slope, the minus number means concave 
shape of dispersion slope, and the plus number means 
convex shape of dispersion slope. In Fig. 6, the case of 
OOK has a lower eye-closure than that of DPSK, 
although DPSK generally has a 3 dB higher SNR 
(signal-to-noise ratio) than OOK. This is caused by the 
minute phase variation of CFBG, which makes the 
phase modulated optical signal suffer from higher phase 
noises through the CFBG. From the calculation 
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FIG. 5. Eye-diagrams of (a) 40 Gbps RZ-OOK and (b) 40 Gbps RZ-DPSK with 40 km transmission fiber.

FIG. 6. Comparisons of eye-closures of the RZ-OOK 
and the RZ-DPSK when a CFBG are used as a disper-
sion compensator after 40 km transmission.

FIG. 7. The effect of group delay ripple of CFBG in 
view of Q-factor in both transmission systems with 40 
km transmission fiber.

results, we conclude that the apodized CFBG has a 
better performance than the unapodized CFBG in both 
transmission schemes.

The amount of tolerable group delay ripple of CFBG 
in DPSK and OOK is calculated and shown in Fig. 7. 
The quasi-error free limit of Q-factor is near 16 dB, and 
the RZ-OOK system shows better performance than 
RZ-DPSK in Fig. 7. From the simulation result, the 
tolerable group delay ripple in RZ-DPSK was about 
115 ps. But this value may be changed according to 
the changes of system parameters such as optical loss, 
fiber PMD, fiber transmission length, optical input 
power, receiver sensitivity, etc.

III. CONCLUSION

Conclusively, a CFBG as a dispersion compensating 
device for the DPSK transmission system has shown 

good performance although it is inferior to the OOK., 
Although the performance of CFBG in view of SNR is 
inferior to the case of DCF due to the phase variation 
of the CFBG, a CFBG has several advantages over a 
DCF such as a small size, a much lower cost, easy 
handling. In this paper, the comparisons of CFBG 
when used in RZ-OOK and RZ-DPSK were performed. 
To compensate the chromatic dispersion in the DPSK 
transmission system, an apodized CFBG might be 
used. The simulation results show that RZ-OOK in 40 
Gbps has a 0.3 dB lower eye-closure than that of 
RZ-DPSK. However, this small value is not high so 
that a CFBG can be used as a dispersion compensating 
device in any optical communication system.
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