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Deriving a dynamic model based on the coupled-mode and carrier rate equations, the effects of coupling coefficient
and corrugation position on all-optical flip-flops (AOFF) we have analyzed in this paper. Also the self phase
modulation (SPM) in the distributed coupling coefficient distributed feedback semiconductor optical amplifier (DCC-
DFB-SOA) has been implemented. Then the effects of SPM on the rise and fall times of the flip-flop DFB-SOA are
investigated. It has been shown that the application of the optimized coupling coefficient and corrugation position
improves the speed limitation in AOFF significantly. The transfer matrix method (TMM) time domain is utilized for

the numerical simulations.
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1. INTRODUCTION

Optical packet switching has been intensely
investigated to meet the future’s great demand for data
traffic due to its high bandwidths, efficiency and
throughput. In an all-optical packet switch, after taking
the optical label from the injected optical packet, the
optical label is converted to a parallel signal and
applied to the optical flip-flop. The optical outputs
from the flip-flop enter the all-optical switches [1].
Thus, in such systems, optical packets are switched in a
fully optical domain without any optoelectronic
conversion. Ultra fast switching can be achieved by this
configuration due to its high speed operation of both
the optical flip-flop and full-optical switches [1]. In
addition, the latching capability of a full optical
flip—flop will allow the output to be maintained for
processing at a later time. This capability can be used
in sequential process such as bit-length conversion,
data-format change, de-multiplexing and re-timing
schemes [2]. Recently, different all-optical flip-flops
(AOFFs) have been proposed where their well known
mechanisms  are:  the  distributed  feedback
semiconductor optical amplifier (DFB-SOA) [2], the

semiconductor optical amplifier (SOA) mutually
connected with a DFB-laser diode [3-5], and the optical
bistability in an integrated SOA and DFB-SOA [6].

A DFB semiconductor laser diode, when biased
below its lasing threshold, acts as a distributed coupling
coefficient DFB-SOA (DCC-DFB-SOA) and shows
dispersive optical bistability behavior [7]. This device
suffers from low speed due to its high carrier life time.
Although this intrinsic carrier life time is in the order of
few hundred picoseconds, the effective carrier lifetime
can be decreased by stimulated emission significantly
[8]. Reducing the effective carrier life time can be
achieved by increasing the photon number in the
DCC-DFB-SOA.

In this paper, for the first time, we have presented a
numerical investigation of the dynamic response of a
flip-flop DCC-DFB-SOA (FF-DCC-DFB-SOA) based
on self phase modulation (SPM).

2. DCC-DFB-SOA STRUCTURE

In order to study the fundamental characteristics of
all-optical flip-flops (AOFF) a DCC-DFB-SOA
operating at 1550nm is considered. The active region
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consists of a stripe 2um wide and 150nm thick. Its
length is considered to be a design parameter. It (What
is this "it"?) is assumed to support a single transverse
mode. Figure 1 illustrates the schematic diagram of a
DCC-DFB-SOA. The height of the corrugations in the
middle of the cavity is considered to be different from
those of the left and right sections. Hence, the coupling
coefficient in the middle section of the SOA cavity, 2,
differs from that representing both the left and right
sections, k1. In this analysis, throughout the cavity
length a constant period of A has been assumed for the
corrugations and hence a fixed Bragg wavelength AB

[9].

3. THEORETICAL BACKGROUND

The time-domain traveling wave model based on
the coupled wave equations is well established for the
simulation of DFB structures. In the spatial domain,
such devices exhibit non-uniform carrier and photon
distributions along the propagating direction.
Therefore, the governing equations have to be
discretized along the active layer in a DCC-DFB-SOA
to treat these variations. Obviously, these equations and
the discretization scheme can also be adopted to
describe the processes in SOA [10]. The DFB
structures are normally designed for single-mode
operation. Therefore, it is sufficient to solve the
governing equations only in a narrow spectral range
near the lasing wavelength where the phase information
is preserved. The electric field in this type of
waveguide is expressed as:

E(x,y,z;t) = o(x, y)[F(z,t)e "

) _ (1
+ R(z,t)e” Ix e’

Where p0=n/A is the propagation constant at the
Bragg wavelength, 4 is the grating period, @ is the
reference frequency, and ¢(x,y) is the transverse field
profile. F(z, ¢) and R(z, t) represent complex electric
field envelopes of forward and backward travelling
waves, respectively. Substituting (1) into Maxwell’s
equations yields the following time-dependent coupled
wave equations governing the lasing mode field which
propagates in the active layer of the DFB-SOA,
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Fig. 1. Schematic diagram of DCC-DFB-SOA
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Where v, is the group velocity, o, accounts for the
internal loss which is assumed to be negligible, and x(z)
denotes the coupling coefficient of the grating. We
have ignored the impact of amplified spontaneous
emission (ASE), which is justified for larger input
power. In order to facilitate the comparison of the
results obtained by the present approach with other
approaches a parameter known as the averaged
coupling coefficient, «,,, has been introduced for this
DCC-DFB-SOA structure such that:

Ky =K1 +K,(1-r,) 3
Where », = 2L, /L . For given values of x,, the
coupling ratio ro=x,/k,,3) reduces to,

r.-K

K avg

—_ K "aog 4
i 1+ —Dr, @

Where K| can be determined. The phase detuning
factor from the Bragg wavelength is given as [10]:

5 =ﬂ(ﬂs>+%amg<z, -, )

Where f(i)=2nn./A; is the signal propagation
constant and J, is the signal wavelength, am denotes
the line-width enhancement factor, and g(z,¢) is the

material gain which depends on the carrier density,
N(z,t), given by [11]:

g(z,t)=a[N(z,t)—N0] (6)

Where a=dg/dN is the differential gain, and N, is
the transparency carrier concentration. Here, it has been
assumed that the gain peak wavelength is consistent
with the input wavelength, and its shift with carrier
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density has also been ignored [8]. For an active layer
which thickness (d) and width (W) are both larger than
the carrier diffusion length, the carrier density rate
equation becomes:

ON(z,t) J  N(z1)

o qd t,(z0) 0

- g(z,z)r% ﬂF(z, 0| +R(z,0)| ]

Where L is the cavity length, g is the electronic
charge, J=I/WL is the current density, o is the mode
cross section, I is the confinement factor, % is the
reduced Planck constant, « is the light radian
frequency, and 7. is the effective carrier lifetime given
by

T

(F(z,t)2+R(z,t)2] (8)

1+ Tar(z,t-1)o
hwd

In which z, is the carrier lifetime,

(0]

Teﬁ(z’t): [

+B,,N(z.t)+C, N (z.t)] " 9

Aug

Tc = {Anard

Where A,,.; is the non-radiative recombination
rated due to Shockley-Read-Hall (SRH) process, B,,; is
the total radiative recombination rate, and Cy,, is the
total Auger recombination rate. To achieve
transparency condition, the rate equation is solved in
steady state condition with Newton—Raphson
technique, in which N, is a given value.

4. SIMULATION RESULTS

In our simulation, we assumed that the duration of
the input pulse is much longer than the round-trip time
in cavity. Therefore time derivatives of /' an R in (2)
can be neglected. Then, FDTD method has been used
to solve (2), for F and R. As an example, the active
layer thickness and width is given the values 150nm
and 2um, respectively. As shown in Fig .2, in order to
optimize the DCC-DFB-SOA structure, the effects of r,
and 7, on the transmitivitty and the transparency
current are considered. Figure 2a demonstrates the
effects of variations in r,, on the spectral range (JL) of
this DCC-DFB-SOA by a constant r;, while Fig. 2b
illustrates the effects of variation in 7, on the spectral
range (L) by constant r. For the conventional
DFB-SOA case, the wavelength corresponding to the
Bragg wavenumber experiences a great feedback and
exhibits the greatest amplifier gain. However in the
DCC-DFB-SOA, feedback for the input signal
wavelength is changed when r, and 7, are introduced.
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This is because the Bragg wavelength is varied
throughout the device. As a result of lower feedback,
higher values of the transparent currents are required to
realize the same peak transmission values. In order to
understand the difference between the tramsmittivity of
DCC-DFB-SOA with a conventional DFB-SOA, it is
convenient to compare the curves of either ;=1 and
r;=0 or r,=1 with the other curves presented in Fig. 2a
and b. The best case of DCC-DFB-SOA which gives
the wvaluable current (/=52.6mA) corresponds to
7,.=0.33 and r;=0.5, where the conventional DFB-SOA
gives the lower amount of 41.4mA.
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Fig. 2. Transmittivity versus Normalized detuning
phase for (a) different coupling ratio with »,=0. 5 and
(b) different corrugation position with »,=0. 33.

The peak of transmitivitty at the Bragg resonance
approaches infinity (in theory) where the current
increases largely. This SOA reaches the transparency
condition at which it operates output light without any
input (i.e. SOA operates as a laser). As an example, the
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threshold current of 75.15mA is obtained for
transparency condition of the structure given in Fig. 3.
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Fig. 3. Transmittivity versus Normalized detuning
phase for different current values.

Now, In order to show the effects of 7; and 7, on the
transparency current, the device is simulated for
different values of »; and 7, and results are shown in
Fig. 4. The curves of Fig. 4 indicate that the designer
can choose best values of r;, and r, for the maximum
transparency current. However, very low values of 7,
should be avoided which causes perturbation in the
output intensity. Therefore, values r,=0.33 and r,=0.5
are given, where the internal power is high, the speed is
reasonable and no perturbation occurs.
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Fig. 4. Transparency current versus rL for different
coupling ratio.

To trace out the bistable curve, first, the input power
is increased and then the output power is calculated.
Next the input power is decreased and the output power
is recalculated. In spite of each round-trip time of 3ps
(for L=300pm, At=L/v4=3ps), a time period of (choose
t=) 450ns is required for each input pulse to reach its
steady state condition. Variation of the output power
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versus input power for different phase detuning, oL, are
shown in Fig. 5. However, analysis of such behavior is
not the main purpose of this work, but it is used in the
flip-flop operation discussed in the following section.

Output power (mW)

200 400 600 800 1000 1200 1400
Input power (uW)

Fig. 5. The output power versus the input power for the
different normalized detuning phase.

5. SIMULATION RESULTS

The two output states of an optical flip—flop based
on optical bistability in a resonant type DCC-DFB-
SOA are simply where the signal’s input power
intersects the two branches of the hysteresis curve, as
shown in Fig. 5 at Py=Py. The output power of the
signal can be set and reset between P,, and P,; by
varying P, through the upward and downward
switching thresholds, respectively.

The input power P, is initially located between the
switching thresholds, like Py in Fig. 5. Optical setting
can be performed by increasing the input power beyond
the upward switching threshold, and can be understood
as follows: An increase in the optical power within the
SOA stimulates recombination of electron-hole pairs (i.
e. gain saturation), which increases the refractive index;
the signal thereby increases its own wavenumber and
optical phase. This self-phase modulation (SPM) shifts
the photonic bandgap and Bragg resonances to longer
wavelengths. As a Bragg resonance moves toward the
signal wavelength, the internal optical power increases
even more. Bistable upward switching occurs when a
positive feedback loop (between the internal optical
power, nonlinear refractive index and Bragg resonance)
causes the Bragg resonance to shift through (? Shift
towards, shift from...) the signal wavelength, providing
resonant amplification for the signal. The set operation
is shown in Fig. 6, where the time-dependent model
based on the FDTD method has been used. This input
power is given by [11]:

P, =P, [1+05f(t—1)-05f(t—1,)] (10

Where the perturbation f{#-t,) to the average input
power Py is given by
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Fig. 6. (a) The output power and input power versus
time with 6L = —1.5 where the input power is
multiplied by 10 for clarity. The energy of the set pulse
is 0.3554f] with FWHM=5ns and the energy of the
reset pulse is 0.1066f] with FWHM=5ns.

-------- Output power

= Input power
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Fig. 6. (b) The output power and input power versus
time with 0L=10. The energy of the set pulse is
11.34371J with FWHM=0.8ns and the energy of the
reset pulse is 3.0963fJ with FWHM=2ns.

Where the Wf is the pulse width and the M denote
the Gaussian order, The signal’s output power remains
at a high level P, (corresponding to the upper hysteresis
branch) even after its input power returns to the initial
state Py.

Dynamic response of the device for a constant
carrier lifetime of (0.2ns) and for the case of effective
carrier lifetime (as given in equation (8)) are calculated
and plotted in Fig. 6 (a) and (b) respectively. As
indicated in Fig. 6a in conventional DFB-SOA, in order
to switch the device either from On to OFF or OFF to

Input Power (mW)
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On state, a large value of full width half of maximum
(FWHM) of either set or reset signal is needed.
However, as indicated in Fig. 6b in a DCC-DFB-SOA,
the value of FWHM is much lower than the case of
conventional DFB-SOA. This is due to the greater
current of the latter which is lower than the effective
carrier lifetime.

Rise time, #,, and fall time, #; in a flip-flop are
calculated from %10 to %90 of hysteresis height and
vice versa. In order to find the minimum values of ¢.
and f; first, the energy of set and reset pulses are
increased and then the values for ¢ and ¢ are
determined. The results are shown in Fig. 7. Increasing
the peak of either the set or reset pulse, the internal
power increases into the device which consequently
raises the internal power. This action reduces the
effective carrier lifetime and decreases #. and # as
shown in Fig. 7. As a result, the minimum value of ¢,
and #; are obtained in the order of 45.3ps and 446.5ps,
respectively. These values are smaller than the #, and #
of conventional DFB-SOA that are 1.45ns and 1.2ns
respectively.
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Fig. 7. (a) The rise and (b) fall times versus the energy
of set and reset pulses.
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6. CONCLUSIONS

In this paper, the dynamic response of the FF-DCC-
DFB-SOA based on SPM mechanisms have been
investigated. Also the effects of the energy of pulses on
the rise and fall times are investigated. A modified
FDTD method has been presented to study the effects
of SPM on the dynamics response of FF-DFB-SOA. It
has been found that in the DCC-DFB-SOA structure ¢,
and ¢ are decreased in the order of 50ps and 500ps,
respectively.

REFERENCES

[1] Takenaka M., Takeda K. and Nakano Y.; “All-Optical
Packet Switching and Label Buffering by MMI-BLD
Optical Flip-Flop”, IEICE Electronics Exp., Vol. 3, No.
15, pp 368 - 372, (2006)

[2] Maywar D. N., Agrawal G. P. and Nakano Y.; “Robust
Optical Control of an Optical-Amplifier-Based Flip—
Flop”, J. Opt. Soc. Am. B, Vol. 6, No. 3, pp. 75 - 80,
(2000)

[3] D’Oosterlinck W., Ohman F., Buron J., Sales S.,
P’erezPardo A., Ortigosa-Blanch A., Puerto G., Morthier
G. and Baets R.; “All-Optical Flip-Flop Operation
Using a SOA and DFB laser Diode Optical Feedback
Combination”, J. Opt. Soc. Am. B, Vol. 15, No. 10, pp.
6190 - 6199, (2007)

[4] Oosterlinck W. D’, Buron J., Ohman F., Morthier G.,
and Baets R.; “All-Optical Flip-Flop Based on an
SOA/DFB-Laser Diode Optical Feedback Scheme”,
IEEE Photon. Technol. Lett., Vol. 19, No. 7, pp. 489 -
491, (2007)

[51 Oosterlinck W. D’, Morthier G., Baets R. and Erneux T.;
“Optical Bistability in a Traveling-Wave SOA
Connected to a DFB Laser Diode: Theory and
Experiment”, IEEE J. Quantum Electron, Vol. 42, No.
8, pp. 739 - 746, (2006)

[6] Kim Y., Kim J.H., Lee S., Woo D.H., Kim S.H. and
Yoon T.H.; “Broad-Band All-Optical Flip—Flop Based
on Optical Bistability in an Integrated SOA/DFB-
SOA”, IEEE Photon. Technol. Lett., Vol. 16, No. 2, pp.
398 - 400, 2004.

[7] Aleshams A., Moravvej-Farshi M.K., Heikhi M.H.;
“Tapered Grating Effects on Static Properties of a
Bistable QWS-DFB Semiconductor Laser
Amplifier”, Solid-State Electronics, Vol. 52, No. 1, pp.
156 - 163, (2008)

[8] L. Zhang, I. Kang, A. Bhardwaj, N. Sauer, S. Cabot, J.
Jaques and D. T. Neilson; “Reduced Recovery Time
Semiconductor Optical Amplifier Using p-Type-
Doped Multiple Quantum Wells”, IEEE Photon.
Technol. Lett, Vol. 18, No. 22, pp. 2323 - 2325, (2006)

[9] H. Ghafouri-Shiraz; Distributed Feedback Laser
Diodes and Optical Wavelength Tunable Filters,
Distributed Feedback Laser Diodes and Optical
Wavelength Tunable Filters, John Wiley and Sons,
(2003)

[10] Park J., Li X., Huang W.P.; “Performance Simulation
and Design Optimization of Gain-Clamped
Semiconductor Optical Amplifiers Based on
Distributed Bragg Reflectors”, [EEE J. Quantum
Electron., Vol. 39, No. 11, pp. 1415 - 1423, (2003)

Vol. 4, No. 1, March 2010

[11] Maywar D. N., Agrawal G. P. and Nakano Y.; “All-
Optical Hysteresis Control by Means of Cross-Phase
Modulation in Semiconductor Optical Amplifiers”, J.
Opt. Soc. Am. B, Vol. 18, No. 7, pp. 1003 - 1013,
(2001)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [617.760 815.760]
>> setpagedevice


