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Multimode Optical Demultiplexer for DWDM With
Liquid Crystal Enabled Functionalities
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Abstract—We have developed a liquid-crystal-based multimode
optical demultiplexer (DEMUX) with additional functionali-
ties such as switching and power equalization. Demultiplexing
16-channel 100-GHz-spaced signals into a 62.5- m multi-
mode-fiber array is demonstrated. The central wavelength of
each channel is designed according to the International Telecom-
munication Union grid. Adjacent channel crosstalk is less than

30 dB. The average 1- and 3-dB passbands of the DEMUX are
12.5 and 22.5 GHz, respectively. A maximum extinction ratio of
16.2 dB is achieved. Different channels can be switched with rise
and fall times of 10 and 70 ms, respectively. The outputs of
the channels are equalized to 65 dBm. The variation between
different channels reduced from 10 dB to less than 0.5 dB.

Index Terms—Demultiplexer (DEMUX), dense wavelength-divi-
sion multiplexing (DWDM), equalizer, liquid crystal (LC), spatial
light modulator (SLM), switching.

I. INTRODUCTION

DENSE wavelength-division-multiplexing (DWDM) tech-
nology is an effective way to increase the transmission

bandwidth of optical communication systems. It requires
high-performance multiplexers and demultiplexers (DEMUXs)
with low insertion loss (IL), wide channel passband, low
crosstalk, and low polarization dependence loss. A number of
different designs of DEMUXs have been implemented in the
past, using gratings [1], thin film structures [2], fiber Bragg grat-
ings [3], and arrayed waveguide gratings [4], etc. On the other
hand, liquid crystal (LC) devices have long been developed
for wavelength-division multiplexing. Previously, a six-port
DEMUX using an LC etalon was fabricated [5]. LC polariza-
tion rotators and Wollaston beam deflectors were employed in
a symmetric grating-based system to construct 1 2 switches
that can switch independently eight wavelength channels 4 nm
apart [6]. 100-GHz-resolution dynamic channel management
was accomplished by using in-line LC spatial light modulator
(SLM) and a grating together in the collimated beam of a
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Fig. 1. Experimental setup. SMF: Single-mode fiber. f : Focal length.

4-f relay optic system between input and output single-mode
fibers [7]. For DWDM applications in metropolitan area net-
works and local area networks, multimode DEMUXs are
attractive. A compact athermalized low-loss eight-channel
200-GHz grating-based multimode DEMUX with low IL and
low thermal effect has recently been reported [8]. In this letter,
we present a new liquid-crystal-based multimode DEMUX
or LC-multi-DEMUX. It differs from the previous design in
two aspects: 1) the LC-SLM is placed at the focal plane of the
folded telescopic grating system; 2) every other pixel of the
LC-SLM was matched to one multimode fiber channel. This
design is derived from our previously work on electrically con-
trolled tunable external cavity semiconductor lasers and filters
using LC-SLM technology [9]–[11]. A 16-channel 100-GHz
DEMUX with channel switching or routing function as well as
power equalization is demonstrated.

II. DEVICE CONSTRUCTION AND OPERATION PRINCIPLES

A schematic drawing of the construction and testing of the
LC-multi-DEMUX is shown in Fig. 1. The broad-band output
of an erbium-doped fiber amplifier (EDFA) is collimated and di-
rected onto a diffraction grating (1100 lines/mm) at an incident
angle of 84 . The first-order-diffracted light from the grating
is collected by a lens, focused on to the LC-SLM and cou-
pled into a 16-channel array of multimode optical fibers. The
LC-SLM is basically a twisted nematic LC (NLC) cell oper-
ated in the normally black mode. The cell is constructed with
an 8- m-thick NLC (E7, Merck) layer sandwiched between in-
dium–tin–oxide (ITO)-coated glass plates. One of the ITO elec-
trodes is patterned. The pattern consists of 96 100 m 2.4 cm
stripes with 25- m spacing (see Fig. 2). The LC-SLM is driven
with a sinusoidal voltage at 1 kHz. The maximum contrast or
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Fig. 2 (a) Structure of the fiber array. (b) Arrangement of the LC-SLM with
respect to the fiber array. Gray areas are the pixels of the LC-SLM. Concentric
circles indicate positions of the multimode fibers.

extinction ratio and ON-state transmission of the LC-SLM are
16.2 dB and 90%, respectively. The amplitude of the threshold
switching voltage of the LC-SLM is 1 V at 1 kHz. Complete
switching from OFF- to ON-state is achieved beyond 4.2 V. The
driving voltage of the LC-SLM is 10 V in this work.

The relation between the separation of the central wave-
lengths (or frequency) of the channels (or ), and the
center-to-center separation of the corresponding pixels of
the LC-SLM is given by

or

(1)

where is the grating period, is the angle of first-order dif-
fracted beam with respect to the grating normal ,
and is the focal length of lens ( mm). The device
is designed to have 16 output channels and central wavelength
according to the International Telecommunication Union (ITU)
grid. The channel spacing is 100 GHz. The channels can be
opened or blocked by switching ON or OFF the corresponding
pixels. The variable optical attenuation mode of the LC-multi-
DEMUX is simply accomplished by tuning the driving voltage
applied to the strips of pixels of the LC-SLM.

The configuration of the 16-channel multimode fiber array is
shown in Fig. 2(a). The core diameter of each fiber is 62.5 m
and the pitch is 250 m. The pixel pitch and width of the
LC-SLM are 125 and 100 m, respectively. Thus, the core of
each fiber is cocentered with every other pixel of the LC-SLM.
The arrangement of the fiber array with respect to the pixels of
the LC-SLM is shown in Fig. 2(b). For monitoring the output
of the LC-multi-DEMUX, we employ an optical spectrum
analyzer [(OSA) Advantest Q8384, resolution 0.01 nm].

Fig. 3. (a) Power-equalized output of the 16 channels of the LC-DEMUX.
(b) Extinction ratios of the individual channels versus wavelengths
(p-polarized).

III. RESULTS AND DISCUSSIONS

The output spectra of the 16-channel LC-multi-DEMUX
for both s- and p-polarizations are shown in Fig. 3(a). The
present device is polarization sensitive with a polarization
dependent loss of about 15 dB. It can be improved by using
a polarization-insensitive grating [8] and polarization inde-
pendent polymer-dispersed LC for the LC-SLM. The output
wavelengths of the channels are in good agreement with the
theoretical prediction according to (1) and the ITU wavelengths
(within 0.04 nm or 5 GHz). The crosstalk of adjacent chan-
nels is less than 30 dB. The average 1- and 3-dB passbands
of the DEMUX are 12.5 and 22.5 GHz, respectively. The IL
for the LC-multi-DEMUX prototype is approximately 12 dB,
which includes 3-dB loss of the unpolarized light from the
EDFA. The losses incurred on signal light propagating through
the collimating lens, grating, lens, and LC-SLM are 0.7, 1.5, 1,
and 3 dB, respectively. The remaining loss is attributed to that
of coupling into the fiber array. We expect the best achievable
IL for the LC-multi-DEMUX to be about 5 dB.

As the pixels can be individually switched ON–OFF and the
transmission of the particular channel adjusted, the LC-multi-
DEMUX has additional functionalities as compared to conven-
tional DEMUXs. The outputs of the channels are equalized to

65 dBm. The variation between different channels is reduced
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Fig. 4. (a) Switching characteristics of a single channel of the LC-DEMUX.
Upper trace: Driving voltage waveform (the 1-kHz signal is chopped at 1 Hz).
Lower trace: Output of the LC-DEMUX. (b) Output of two channels of the
LC-DEMUX by switching the Channels 11 and 14 ON and OFF by turns.

from 10 dB to less than 0.5 dB. The pixel-ON–OFF character-
istics of the 16 channels of the LC-multi-DEMUX are shown
in Fig. 3(b). The extinction ratios for pixels ON–OFF for the 16
channels range from 11.1 to 16.2 dB. The average extinction
ratio is 12.6 dB. We have employed polarization optics with
extinction ratios of . The extinction ratio of the LC-multi-
DEMUX is theoretically better than 30 dB, but depends criti-
cally on the thickness of the LC layer [12]. Thus, the extinc-
tion ratios of different channels of our home-made LC-multi-
DEMUX fluctuate because the thickness of the LC-SLM is not
uniform across the channels.

The switching characteristic of a single channel of the
LC-multi-DEMUX is shown in Fig. 4(a). The upper trace is
the 1-kHz driving waveform (inverted to that actually applied)
across the LC-multi-DEMUX pixel. The lower one is the
LC-multi-DEMUX output intensity. The rise (10% to 90%
of the total intensity excursion) and fall (90% to 10% when
the voltage is turned OFF) times measured are typically 10
and 70 ms, respectively. Results for switching between two
channels are shown in Fig. 4(b). The upper waveform shows
the state of the 14th channel ( nm) and the lower
waveform is the state of the 11th channel ( nm).
When the 14th channel is in ON-state, the 11th channel is in
OFF-state, and vice versa.

The design concept of the present device can be extended
readily to other grating-based DEMUXs, which employ either
echelle gratings or array waveguide grating as the dispersion
elements.

IV. CONCLUSION

We have designed and demonstrated a LC-based 16-channel
DEMUX with 100-GHz channel spacing. The center wave-
lengths of the channels are designed and operated according
to the ITU grid. The crosstalk between channels is less than

30 dB. The average 1- and 3-dB passbands of the DEMUX are
12.5 and 22.5 GHz, respectively. The average extinction ratios
of the channels are 12.6 dB. This approach enables additional
functionalities of the DEMUX, such as dynamic gain equaliza-
tion. The outputs of the channels of the LC-multi-DEMUX are
equalized to 65 dBm, with variation less than 0.5 dB. Further,
different channels can be switched ON and OFF as desired,
with rise and fall times of 10 and 70 ms, respectively. The
concept of the present device can be readily extended to other
types of grating based DEMUXs.
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