H _ compared to the other polarization before combining the
Varla_ble Wavelength ] two pol'ariz'ations together again. The PC ir] the loop acts as
SpaCIng tunab|e f||ter USlng a polarization state rotator for both clockwise and counter-

. ) _ . clockwise beams. It changes a fast-axis beam to a slow-axis
p0|ar|zat|on d|fferent|a| beam and vice versa. These two beams recombine and have
. phase differences proportional to the polarization differen-
delay line tial delay. The wavelength spacing of the peaks is as
follows?:
)\2
Seunghwan Chung AN=—, (1)
Byoungho. Lee, FELLOW SPIE CAt
Seoul National University wherec is the speed of light in the aiAt is the difference
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Seoul 151-744, Korea
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in the delay between the two polarizations, ands the
wavelength of the light. The distance difference in DDL is
controlled by a reflector on a moving stage. By alterig

Abstract. A tunable filter that can be applied for dispersion we can vary wavelength spacing of the peak, that is, chan-

compensation, a multiwvavelength laser source, or a channel nel spacing of the filter. Figure(h) shows the measured
transmitter/attenuator is proposed. Channel spacing and dis- spectra whemnt is changed. The larger the value &f is,
persion can be controlled simultaneously by using a motor- the smaller the channel spacing is. The resolution of the
ized polarization differential delay line and a variable coupler polarization DDL was 0.0017 ps and the delay range was
in the loop mirror. Due to its periodic characteristic, chro- +50 ps. This shows us that the proposed system is able to
matic dispersion of multiple channels can be compensated change the channel spacing nearly continuously.

all at once. © 2005 Society of Photo-Optical Instrumentation Engineers.

[DOI: 10.1117/1.1849752] The phase response of the output beam can be obtained

from the following:
Subject terms: optical fiber filters; optical fiber dispersion; phase
response; delay line. Uo=U;[t2exp(j®)+rexpjPy)], 2

Paper L040351 received Jun. 8, 2004; revised manuscript received . .
Oct. 20, 2004; accepted for publication Oct. 25, 2004; appeared whereU, and U; are the output light at the transmission

online Nov. 2, 2004; published online Feb. 1, 2005. end and the incident light of the filter;andr are through-
and cross-amplitude transmissions of the tunable coupler,
which are designated by=\1—«, r=jx, respectively,
wherex is the power-coupling ratio; andt; and®d are the

1 Introduction phases of the fast and slow axes light, which are designated

With the constant increase in traffic demand and the adventby ®;=n;Lw/c, ®;=niLw/c. Here, L is the physical

of reconfigurable optical networks, a tunable optical comb length of DDL, andngL and n;L are the optical path
filter has been demonstrated to be useful in many different lengths for lights propagating with the slow and fast polar-
areas of optical communicatibif Especially, an optical  izations of the DDL, respectively. In Eq2), we assume
all-pass filter using a ring resonator is worth noticing. How- that the input light polarization is matched to the slow axis
ever, it is better for the channel spacing of the filter and of the DDL. The PC rotates the polarization by 90 deg. The
dispersion to be controlled simultaneously by various con- wavelength-dependent phase difference between the two
ditions. In this work, we propose a new simple filter for orthogonal polarization axes of the DDL produces a sinu-
multichannel dispersion compensation using a motorized soidal wavelength-dependent filter transmission function,
polarization differential delay linéDDL). It is possible to as given by

change easily the channel spacing with simple control elec-
tronics. In addition, we can control the group-delay charac-
teristics of the proposed device by changing the power-
coupling ratio of the variable coupler.

2

U
o(M) =1-2k+2k’—2(k— k?)cod D;— D). 3

Ui

_ _ From Eq.(2), we can obtain the relative group delay. It can
2 System Configuration be given by the following equation:

Figure 1a) shows the schematic diagram of the proposed

variable channel-spacing dispersion compensation filter. _ doy(w)
The loop mirror consists of a polarization controli®C), a (0)= dw
variable couplefFiberpro, TC1410, Daejeon, Koreand a

DDL (OZ Optics, DDL-650, Carp, Ontario, Canad&on- o[ Ns Ns
trol of the splitting ratio in the variable coupler is achieved (nfL 1+p N¢ tp{ 1t n¢ cod wAl) @
by adjusting the relative lateral positions of the mated fibers = c 1+ p?+2p cos wAl) ,

with the help of micrometers. DDL is the device that splits
the light within a fiber into orthogonal polarizations, and where ®,(w) is the phase of Eq.(2), ie., ®(w)

then actively varies the time that one polarization travels —argU,/U) andp=r%/t?=— k/(1— «).

The predicted group delay results are compared with the
0091-3286/2005/$22.00 © 2005 SPIE measured data in Fig. 2 and good agreement is reported.
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Fig. 1 (a) Basic configuration of variable dispersion equalizer and 2 |
(b) measured spectrum of the filter output when At is changed. (At g 100 4
is 2.5, 10, and 20 ps for Af=400, 100, and 50 GHz, respectively.) 2 10 1
g J
(=] J
S 604
Figure Za) shows the calculated relative group delay char- 401 PENSYR. » o v,‘«"l._, —-
acteristic whenAt is varying as 5, 10, and 20 ps. Figure 20+
1 1 1 T T N T T M T T M
_2(%) Zhows the measured characteristics of the filter when 15490 15495 1550.0 1550.5 1551.0 15515
IS 0.6.
Wavelength (nm)
3 Discussion and Conclusions (b)

We propose a variable channel-spacing tunable filter for fF_Iitg- 2b(6& Calculﬁtedl ftelative gfodUDI delfﬁ/ Ofﬂ? kzje}foic cotnf:gdurlatiqn
dispersion compensation and demonstrate its feasibility byzl,;r's(, ;n dei‘gug‘; and e oo B 3?;[‘)“;‘;';“ b glifgf‘ i%z.g,agnlg
experiment. In the proposed method, the channel spacinggg g ps/nm, respectively.

and the dispersion can be varied with the change of polar-

ization delay and the coupling constant by a simple tuning

method. We can vary the channel spacing nearly continu- coupler has some errors, there is difference between the
ously with the use of DDL controlled by a computer. The calculated and measured results.

tuning speed is mainly dependent on a control interface unit

and the moving stage’s speed in a DDL. The maximum References
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