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The crosslalk of a 10GHz-spaced 32 channel arrayed-wavegoide
grating has been reduced from 17 1o =30dB and from -16 to
-27dB for the 1L and 'T™M mades, respectively, vin the
pPhatogensiivily under 193mn AtF excimer lager frradiation. A
melal mask with & window was placed on the arrayed wavegnides
and the unmasked arrayed waveguides were iradiated until the
crosstalk was reduced to the desired value. This technigue means
that fine adjustment of the laser beam on individunl arrayel
wavepnides is no longer necessary.

Introduction:  Narrow-chaml  arrayed-wavegnide  gratings
{AWGs), c.g. a [0GHz-spaced AWG, are important devices in the
construction of ultra-dense mulli/demultiplexers [1]. Since a nar-
row-channel AWC has & higher channel crosstalk than a conven-
tional 100GHz-spaced AWG, scveral mothods have been
developed for externally compensating (or the phase errers of all
the arrayed waveguides [2]. Although the crosstalk was preally
reduced, demonstrating the potential of external phase compensa-
tion, a laser beam had to be focused on each arrayed waveguide
and this made the compensation system: ralher complicated and
made it mote difficull o compensate for the phase errors of all the
waveguides as the number of waveguides inereased.

In this Letter we report a new methaod for externally controlling
the phases of all the arrayed waveguides simultaneously by utilis-
ing their photosensitivity and changing their refractive indexes
under UY irradiation [3}. The method involves placing & metal
mask with a window on the arrayed waveguides. We then irradiate
the unimasked wavegwides with a UV laser until the crosstalk is
reduced to the desired value. Fine adjustment by focusing a Taser
beam on the individual waveguides is no longer required,

Experimental procedfure: "Uhe numbers of arrayed wavegnides and
input/ouput waveguides in the test 10GTHz-spoced AWG were 81
and 32, respectively. We measured the phase eror ¢y of each
arrayed waveguide & (£ = 1, 2, ..., §1) using an optical low coher-
ence technique [4] with an aceuracy of £ 3% Basically, the channel
crossialk can be reduced by adding a phase of ¢ - dy Lo arrayed
wavepuide & and selling the resultant phase error to a consiant
value of & [2]. We induced the additional phases by means of the
refractive index change resulting from photosensitivity under UV
laser light irradiation [3]. We formed the window by clching a
20um thick metal plate which we then placed on the arrayed
wavepnides in such a way that the length of the unmasked %
waveguide was proportiondl (0 ¢ - e, When Lhe light beam was
normally incident on the metal plate withoul being locused, it
passed through the window and irradiated the desired wavegnide
region uitilormly.

UV light

window

matal mask for
uppar half

_-g

slab waGeguIdes
a
{ez771
Fig, 1 Schematic diagram of cxternal phase control of ARG by 193mm
excimer lager jrradintion throngh nretal wmosk
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Since the crosstalk of the AWG we used was rather high and
had a large variation ranging from O to 7 rad in its phase error
distribution, we reduced it by carrying out the following two steps,

as shown in Tig. 1. First, we made two metal masks with windows
{Tem high and 4 mm wide) for the upper and lower vegions near
the centre of the arraysd waveguides and we irradiated cach win-
dow for 48min. The irradiation time was obtained from the ratc
of refractive index change duc to photosensitivity. Actually, there
were variations in the laser power density over its cross-section
and (his made it rather difficult to achieve fine phase control of
each waveguide with the two masks. Aller reducing the large vari-
ation in the first stage of compensation, we then carried oul a
maore precise compensation by making a mask with a smaller win-
dow for the wavegnides near the input slab wavepuide, as shown
in [ig. 1. This was because the arrayed waveguides converged at
the slab waveguide and the laser beam could irvadiate the
unmasked region uniformly.
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Fipg. 2 Treanonission spectra for TE and TM miodes before and after
phase compensaiion
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Experimentaf resufts: The arrayed waveguides were irradiated with
193nm ArF exciter laser light at an irradiance of 150ml/pulse
and with a pulse repetition rate of 20Hz [3]. The levels of the
sidelobe components of the transmission bands of the orfginal
AWG belore compensation in the TE and TM modes were —17
and - 16dR, as shown in Fig. 2 and b, respectively. Lere the light
from an amplificd spontaneous emission (ASE) source was
launched from input port 16 of the AWG and the spectrum of the
light from input port 16 was measured, After the approximate
compensalion in the ceniral regions of the mrayed wavegnides, the
sidelobe compenents were reduced 1o - 22 and -21d8B, in the TL
and TM modes, respeclively.
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Fig, 3 Crosstalk change against irvadintion time with 193nm ArF exci-
ater faser when metel mosk for fine crossinlle compensation was placed
ot arvayed waveguide

Thie phase crrors around both ends of the arrayed wavegnides
in the TE made aller the approximate compensation were at most
0.5rad greater than those in the T'™M mode. We designed a metal
mask for fine compensation for the TE mode and measured the
change in the sidelobe component on the Jeft side of the passband
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peak in Fig, 2e, (veferred to as Lhe erosstalk value), against irradi-
ation time, as shown in Fig. 3. The crosstalk value changed
almost lincarly with irradiation time from -22 w0 -30dB, We
stopped the irradiation after 95min, but a curve [t to the dala
showed that the crosstalk would reach -33d13 for a 200min irrach-
atien. This valus could be achieved with a 95min irradiation by
doubling the size of the window since the irradiation would
remain uniform over the colarged window. Although the window
was designed Tor the TE mode, the crosstalk in the TM mode
decreased from =21 1o 27dB as shown in Fig. 26,
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Fig. 4 Trapsmission spectra of 32 chamels (4, 2, .. 32) of phase-conm-
peasated J0GHz-spaced AWG

Fig. 4 shows the demultiplexing characteristics of all 32 ¢han-
nels in the TE maode of the phase-compensated 10GIlz-spaced
AWG, Bach channel was separated with o wavelength spacing of
0.08nm, or 10GHz. The sidelobe components changed between
—33and 27dB as the output port changed and the on-chip loss at
the cenire wavelength of the passband ranged from 3 to 6dB.

Conclusion: We have reported a new phase control method that
externally reduces the channel crosstalk of an AWG via the pho-
tosensitivity under UV laser irradiation through a metal mask.
The method involves placing o melal mask with a window on the
arrayed waveguides and irradiating the unmasked wavegaides with
the laser beam. With o 193nm ArF excimer laser we succeeded in
reducing ihe crosstalk of a 10GHz-spaced 32 channel AWG from
~17 o - 30dB, and [rom -16 0 -27dR, for the TE and TM modes,
respectively, This method has the Tollowing advantages: since all
the waveguides are compensated simullaneously, the lime needed
te complete the compensation is unaflected by the number of
waveglides; ne adjustment to focus a laser baam Lo jndividual
waveguides is no longer required and this makes the system much
simpler,
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Experimental demonstration of new
regeneration scheme for 40 Ghit/s
dispersion-managed long-haul
transmissions

P. Brindel, O. Leclerc, . Rouvillain, B. Dany, E.
Desurvire and P. Nouchi

It is expevimentally shown, for the Tust time, that optical 3R
repeneration by synchronous modulation can be  efficiently
implemented in dispersion-manapged  transmission schemes, By
tuking advaniage of the association of hoil lechnigques, 40Gbits
single-channel transmission over = 10000km is demonstrated.

The expansion of a wide range of new services involves rapid
growih v the transmission eapacily of telecommunications net-
works. A koy issue is the control of ihe quality of the transmission
data along (he whole fink. Dispersion management (DM) appears
to be a very powerful technique for enhancing the guality of
WDM transmission systems, as shown in recent 10Ghitss-based
experiments [1, 2] At higher bil rates (Le. 40Gbils), inline optical
regencration based on both intensity and phase modulation (TM-
PM} is a helpful and powerful tool for enabling error-free trans-
mission over transoccanic distances [3, 4). Owing te amplilude
tiuctuations induced by [M, o narrow bandpass opticai filter must
be added 1o the synchronous modulation. However, [ilters have
been shown to be only of paor efficicney in stabilising the energy
of a M soliten [3, €], This is (he eason why syslems cembining
both techniques have never been demonstrated. To remove this
limitation, we propased in [7] the idea of u local periedic conver-
sion between a DM pulse and a standard nonlinear Schrodinger
(NLS) soliton pulse, thus resloring the filter efficiency for stabilis-
ing amplitude fluctuations. In thiy Letter, we experimentally dem-
onstrate for the first time that 40Gbits oplical 3R regeneration
using synchronous modulation can be efficiently associated with
DM soliton transmission when using the previously mentioned
conversion scheme,
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Vip. 1 Experimentat 40 Ghit's loop configrration for evaluation of regen-
crated DA soliton transinission

Insets: transmilter and receiver

Lig. 1 shows the experimental setup ingluding lwo insets which
illusirate the transmitter and receiver. Pulses at a 10GHz repeti-
tiom rate generated from a pain-switched distributed feedbaclk
(DFB) laser at 1555.75nm are compressed down to 68 through a
—30psiom fibre Brapg grating, coded with a 2°-1 PRIS at
10Ghit’s and optically lime multiplexed o provide a 40Gbitss
data streant. At the reeciver end, bit error rates (BERS) are meas-
uted al 10Gbit/s, after denwltiplexing the 40Gbit/s data stream
using a polanisation-insensilive electroabsorption medulator elec-
trically driven by 20 and 10Gbil/s electrical sine waves.

The recirculating loop is shown in Fig. 1. The dispersion map is
made of Tour spans consisting of 40km o DSF with a 4-2.25ps/
n/km dispersion, three DCTF modules at -84, 5psmm and amother
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