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The chromatic dispersion (CD) is a key parameter for optical fibers. Based on the microwave interference
effect, a new method for CD measurement of optical fibers is proposed. The radio frequency (RF) signals
carried by two light-waves with different wavelengths transmit through the dispersive optical fiber
under test. After photo-detector they interfere with each other due to the different phase shifts induced
by the CD of fiber. The CD can be obtained by monitoring the changing interference RF power with scan-
ning the wavelength of tunable laser source. The CD values of single mode fiber and dispersion compen-
sating fiber are measured within the wavelength range from 1525 to 1605 nm. The common phase shift
method is used to measure the CDs of the two types of fiber, which demonstrates the feasibility and
veracity of the proposed method.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Among fundamental parameters of optical fibers, the chromatic
dispersion (CD) is a critical one, which restricts the performance of
long-haul optical fiber communication system with high data rate
and radio over fiber transmission system with high RF frequency
[1-5]. A variety of techniques have been used for measuring the
CD of optical fibers, most of which are based on phase-shift meth-
od, pulse-delay method, or optical interferometric method [7-9].
Recently, several novel approaches for CD measurement utilizing
microwave photonic techniques have also been proposed [10-
16]. The CD can be determined by measuring relative group delay
through the frequency spectrum range (FSR) of microwave notch
filter [10]; however, the accuracy is susceptible to the environmen-
tal conditions that add different phase noises to the reference path
and the test path. CD can also be obtained with precise measure-
ment by the phase to intensity modulation conversion [11]; how-
ever, the wavelength of the light source and the frequency of the
modulation microwave have to be scanned respectively if the CD
in a large light-wave range is needed. The coherent heterodyne
detection which down converts the spectrum of digitally modu-
lated signal from optical domain to RF domain has been used for
CD monitoring [12]. Improvements have been made to the method
by measuring the power of clock tones that are down converted to
very low frequencies to avoid extra costs from expensive electronic
devices [13]. The RF power spectrum [14] and RF clock power ratio
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with optical notch filter [15,16] have been proposed and demon-
strated to CD monitoring for high speed optical transmission
systems.

In this paper, we propose a novel and simple method to mea-
sure the CD of optical fibers by utilizing the microwave interfer-
ence effect. The CD can be obtained by monitoring the changing
interference RF power, which varies with the scanning wavelength
of the tunable laser source (TLS). The CD values of single mode fiber
(SMF) and dispersion compensating fiber (DCF) are measured
within the wavelength range from 1525 to 1605 nm. To verify
the validity of the method, the common phase shift method [6,7]
is used to measure the CDs of the two types of fiber. The influence
of RF frequency on the measurable data points and data processing
and how to distinguish the sign of the CD are analyzed.

2. Principle and system architecture

The RF signal carried by the light-wave in the optical fiber expe-
riences phase shift. Due to the CD of the optical fiber, the phase
shifts of RF signals with the same frequency carried by two light-
waves are different. The RF signals interference with each other
when they are recovered by the photo-detector (PD) [17]. Fig. 1
shows the schematic diagram of our proposed CD measurement
system. Light-waves from the two lasers, one with a fixed wave-
length 4, and the other with a tunable wavelength /,, are coupled
into an electro-optic Mach-Zehnder modulator (MZM) through an
optical coupler, and the amplitudes of the two lasers are simulta-
neously modulated by the same RF signal with frequency fzr and
initial phase @o. The modulated light-waves transmit through the
fiber under test (FUT).


http://dx.doi.org/10.1016/j.yofte.2013.03.005
mailto:xyhan@dlut.edu.cn
http://dx.doi.org/10.1016/j.yofte.2013.03.005
http://www.sciencedirect.com/science/journal/10685200
http://www.elsevier.com/locate/yofte

320 X. Han et al./Optical Fiber Technology 19 (2013) 319-324

il (4

ﬁiC@

: it 8 i & e
z x =24, DL(iz A)
RF |\ _ :' —
, . Fiber under ! P oc |4, (1) + Ay(1)
PG C signal : test " ‘,’A < Ccos(Ap)
ocC ,"ﬂ. (@) *' A Data
,OOO/ v v /| processing
TLS| "pc Sp=0n

A
TLS: tunable laser source
DFB: distributed feedback laser
PC: polarization controller
OC: optical coupler

MZM: Mach-Zehnder modulator
PD: photo detector

Measured power (nw’

600

)
o
8

= measured power
— fitted curve

1540 11546 1550 1555 1560
Wa\lelehgth of TLS (nm)

1’2 A’Z

Fig. 1. Schematic diagram of the experimental setup for CD measurement.

Due to the incoherent phase noise of each light source, the beat-
ing at PD only occurs between two sidebands of the same optical
carrier [17]. For the convenience of understanding the microwave
interference, the two RF signals carried by the two light-waves
respectively detected by the PD can be expressed as [18,19]

DLf /2

Ai(t) o Ay COS (%) coS(2Ttfrrt + @y + @7) (1)
TDLf /2

Ay (t) x Ay cos — cos(2Ttfrrt + g + ¢3) (2)

where A;¢ and A,q are the amplitudes of the two RF signals, DL the
total CD value (ps/nm) of the optical fiber, ¢ the speed of light in
vacuum, and ¢; and ¢, are the phase shifts of the RF signals
through the optical fiber.

The values of Ajg and Ao can be set to the same amplitude
A1p=Ay =Ap in the measurement process by adjusting the output
power of the laser source (TLS and DFB), which facilitates achieving
high extinction ratio of the interference curve. Then the RF power
after the PD can be expressed as
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where A@ = @, — @4 is the phase difference between the two light-
wave carried RF signals induced by the optical fiber. This can be
written as

AQ = wgrAT = 2Tfgr AT (4)

where At is the group time delay difference between the two RF
signals and is generated by the two light-waves in the optical fiber.
It can be expressed as [20]

AT = DLAJ, (5)

where Al =/, — /; is the wavelength difference of the two light-
waves. According to Egs. (4) and (5), the phase difference between
the two light-wave carried RF signals in the proposed measurement
system can be expressed as

Ap = 27tfprDL(22 — 21) = Ay + 0¢p (6)
where AQDO = anRFDL(},zo — )q), op = ZﬂfRFDL(S/lz, Ay = Aao + 042, A2
and d/, are the initial wavelength and the scanning wavelength
range of the TLS, respectively. From Eq. (3), we can see that the re-
ceived RF power changes periodically with §4, (also shown as the
inset in Fig. 1), and the total CD value can be achieved by

op
DL=—"— 7
27tfgrdda @
When the received RF power varies one period, namely from
one maximum to the adjacent maximum, the phase separation
d¢ becomes equal to 27. The total CD can be calculated by Eq.
(7) with the wavelength scanning range ;.

3. Experimental results

A proof-of-concept experiment was implemented based on the
configuration as shown in Fig. 1. The experiment setup consisted
of a TLS (Agilent 81600B) with tuning range of 1525-1605 nm, a
DFB (Emcore-1772) with center wavelength 1550 nm, an MZM
(Covega Mach-LN™ 058) with bandwidth of 20 GHz, and a PD
with bandwidth of 40 GHz (u?t 2120R). The RF signals at different
frequencies were generated by a signal generator (Agilent 8267D).
The RF signal power was monitored by a microwave power me-
ter. The LABVIEW platform was applied to collect data of the
scanned wavelength of TLS and the obtained interference RF
signal power. In the experiment, the optical power of the DFB
and TLS were both set to 6 dBm. The wavelength 1, of the TLS
was scanned from 1525 to 1605 nm. The CD of a 25-km SMF
and a 200-m DCF available in our laboratory were measured,
respectively.
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