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Abstract

Today, people the world over connect to the internet using
a PC or a smartphone, cloud services have also multiplied,
and the amount of information flowing through the internet
is expected to increase dramatically.

To support the high-capacity communication service that
this demands, optical broadband has evolved into DWDM
(dense wavelength division multiplex) technology. At each
telecommunication base station, a ROADM (reconfigurable
optical add/drop multiplexer), which adds and drops DWDM
optical signals, is installed. A channel monitor is anticipated
to be mounted on the ROADM, and observes conditions of
the DWDM signals.

Meanwhile, the power consumption and heat generation
of telecommunication equipment have become problems
due to increase in data traffic on the internet.

In response, the effectiveness of the ROADM, which con-
trols optical signals without converting them into electrical
signals, has been attracting attention. The channel monitor is
a key functional module in disseminating the ROADM.

We made a prototype of a polychromator channel monitor
using a LVF (linear variable filter). The prototype of the chan-
nel monitor is structured of an optical module and a signal
processing (deconvolution) unit. The polychromator type
has a characteristic that it has an advantage in a high speed
processing compared to a monochromator type and that
securing reliability is also relatively easy. The LVF is used for a
spectroscopic element to make polarization dependency
small with its simple structure. The detection wavelength
band is C-band, and detection channel spacing of DWDM
signal is 50 GHz. The optical module is made thin with the
size of the optical module being 106 mm x 70 mm x 15 mm,
and the thickness being 15 mm. As the deconvolution, a
combination of Richardson-Lucy method and Van-Cittert is
used to achieve a higher processing speed.

After evaluation of the prototype, it was confirmed that
the optical module was almost made as designed. Excellent
results for detection accuracy were obtained by an evalua-
tion at 20 dB of an input power dynamic range. Further, it is
anticipated that the detection processing time will be 50 ms
or less using a general-purpose digital signal processor (DPS).
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Fig. 1 DWDM channel monitor.
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Fig. 2 Block diagram of DWDM channel monitor. The channel monitor is
akind of spectrometer and is composed of an optical module and
a deconvolution processing unit.
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Table 1 Target specifications of prototype. The optical moduleis only 15
mm thick. Absolute frequency detection accuracy is designed
to correspond not only to a channel spacing of 50 GHz of the
DWDM signal, but also to a future flexgrid. Targeted detection
processing time is 50 ms or less.

Operating frequency C band
Input power dynamic range 30 dB (from -40 to -10 dBm/ch)
Absolute power detection accuracy +0.5dB

Absolute frequency detection accuracy =+ 6.25 GHz or less

50 ms or less
106 x 70 x 15 mm

Detection processing time

Mechanical dimensions
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Fig. 3 Principle of spectrum using LVF. If the position (X,) of light trans-
mitted through the LVF is detected, the corresponding wave-
length (\) can be obtained. The position of the transmitted light
is detected by a PD array positioned behind the LVF.
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Fig. 4 (A): Detection wavelength by optical module. (B): Result of decon-
volution processing. Spectrum A, composed of two light intensity
wavelength distributions, is converted into narrowed spectrum B
by deconvolution.
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Fig. 5 Configuration of optical module. Reliability of the optical module
is secured by having no moving parts. The fiber collimator and
the cylindrical mirror, which have high optical sensitivity, are fixed
with YAG welding.
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Fig. 7 Side view of optical path.
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Fig. 8 Simulation result of light distribution on PD array. Decrease in the
amount of light at periphery of the PD array is kept to about 20%
of the amount of light in the center.
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Fig. 9 Inside of optical module. The inside of the case is painted black
(Raydent processing) to prevent stray light. No Raydent process-
ing was applied to the YAG welded parts to maintain the quality
of the welding.
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Fig. 10 Detection values of five different wavelengths on the PD array.
Shown here are detection values of the PD array when a power
of -16.27 dBm was input to each wavelength. The decrease in
detection value at several wavelengths (at lower and higher posi-
tions) is an effect of the decrease in the amount of light indicated
in Fig. 8. Because the entire area of the C-band is covered, the
prototype can be seen as constructed nearly as it was designed.
The lower levels in the figure show dark output of the PD array.
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Fig. 11 Comparison of full width half maximum (FWHM) of detection
values of five different wavelengths on PD array. When compar-
ing the FWHM of five wavelengths with common peak positions,
the FWHM is found to be 5 to 6.5 pixels (corresponding to 55 to
75 GHz). The values are a little larger than the specification of
about 50 GHz, but are considered to be within tolerance.
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Fig. 12 Evaluation method using 3 neighboring wavelengths. Three ad-
jacent wavelengths are input at 50 GHz intervals, after which

C Wavelength

only the power of the center wavelength is gradually lowered to
a certain value. The detection value at each 1 dB step of the cen-
ter value is evaluated.

Table 2 Four groups of 3 adjacent wavelengths.

Frequency (THz)
A B C
Group 1 196.100 196.050 196.000
Group 2 194.700 194.650 194.600
Group 3 193.150 193.100 193.050
Group 4 191.750 191.700 191.650

Table 3 Evaluation conditions. The center wavelength B is gradually
lowered by 1 dB steps.

Input power (dBm)
A B C

Evaluation No.

Evaluation 1 -12 -12to-22 (1dBsteps) -12

Evaluation 2 -18  -18t0-28 (1dBsteps) -18

Evaluation 3 -22 -22t0-32 (1dBsteps) -22

Table 4 Evaluation result.

Input power dynamic range 20 dB (from -32 to -12 dBm/ch)

Absolute power detection accuracy + 0.6 dB (RMS)

Absolute frequency detection accuracy + 2.7 GHz (RMS)

Detection processing time < 50 ms (estimate)
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