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Abstract— A novel modified angular log-periodic folded
waveguide slow wave structure (MALPFW-SWS) is pro-
posed for high-gain traveling wave tubes (TWTs). Each unit
of the MALPFW-SWS has different dispersion character-
istics and thus it has the ability to suppress oscillations
in TWTs. The dispersion equation of the MALPFW-SWS is
derived and a Ka-band MALPFW-SWS is designed accord-
ing to the dispersion equation for verification. The particle-
in-cell (PIC) simulation indicated that the output signal is
steady even the gain of the designed MALPFW-TWT reaches
40 dB. The frequency spectrum of the output signal also
proved that the MALPFW-SWS can suppress oscillations.
The cold test experiment results show that the transmission
characteristics of the fabricated MALPFW-SWS are good
and are in good agreement with the simulation results.

Index Terms— Oscillations suppression, folded
waveguide, slow wave structure, traveling wave tube.

I. INTRODUCTION

FOLDED waveguide [1], a popular SWS with advantages
of high-power-capacity and easy machining, has wide

applications in high-power TWTs. Many reports on the theory,
design, and experiment [2]–[7] of the FW-SWS have been
published in recent years.

In theory, the maximal gain of a one-section SWS should
be kept lower than 26 dB [8] to avoid the oscillation issues.
Therefore, all the SWSs in the designs in [3]–[7] were
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Fig. 1. Sketch of the novel MALPFW-SWS. (a) 2D view of one unit on
r-ϕ plane; (b) 3D model of one unit.

divided into two sections by the attenuator to suppress oscil-
lations [9], [10]. However, the introducing of the attenuator
will bring more difficulties in the fabrication of the TWT,
especially for the terahertz TWT due to the small size.

In this letter we proposed a novel MALPFW-SWS as a
solution to this problem. The MALPFW-SWS has the ability
to suppress oscillations in TWT and can support an ultra-high
gain without the attenuator.

II. THEORETICAL ANALYSIS OF THE

DISPERSION CHARACTERISTICS

The angular log-periodic meander line [11] is a conventional
meander path SWS evolved from logarithm helix and has been
widely used in planar miniaturized TWT. The proposed MALP
meander line can be obtained by using the same evolution
progress to process a modified logarithm helix whose path
can be described by the equation

r = a0eb0ϕ − r0 (1)

where r and φ are the coordinates in radial and angular axis,
respectively. r0 is the additional value in radial axis.

Fig. 1 shows the sketches of the MALPFW-SWS. The dash
line in Fig. 1 (a) represents the meander path of the MLPFW-
SWS, the MALP meander line. dr and L are the beam and
wave pathlengths in a unit, respectively. θ is the angle of the
MALP meander line. a and b are the transverse dimensions
of the waveguide. rc is the radius of the cylindrical electron
beam tunnel.

According to the path equation (1), the electron beam and
electromagnetic wave path lengths in the nth unit, drn and Ln ,
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Fig. 2. Dispersion curves of the fundamental mode of the MALPFW-SWS
units.

can be written as

drn = a0(e
2b0π − 1)e2b0(n−1)π

= dr1e2b0(n−1)π (2)

Ln = a0

b0

�
e

b0θ
2 − 1

��
1 + e2b0π

�
e2b0(n−1)π + drnπ

2
− r0θ

= (L1 + r0θ)e2b0(n−1)π − r0θ (3)

A simplified dispersion equation of the TE10 mode was
derived in [2] by a smooth-wall FW-SWS model, which is:

ω = c

��
βzmdr − π − 2mπ

L

�2

+
�π

a

�2
(4)

where, ω is the angular frequency of the wave, βzm is the
longitudinal propagation constant (rad/m) of the mth spatial
harmonic and c is the speed of light in vacuum.

Substituting dr and L into (4), we can find a common
intersection point P for these dispersion curves, as shown
in Fig. 2. We therefore name it as the Perfect-Synchronized
Point (PSP) with the coordinates⎛

⎝π(L1 + r0θ)

r0θdr1
, c

��
π

r0θ

�2

+
�π

a

�2

⎞
⎠ (5)

related to the dimensions of r0, dr1, L1 and θ . The correspond-
ing frequency is called Perfect-Synchronized frequency (PSF).

For electromagnetic wave with a specified frequency dif-
ferent from the PSF, the phase velocity varies with n, partly
like the feature of conventional phase velocity tapered SWSs.
When the specified frequency is lower than the PSF, the phase
velocity is positively tapered and it turns to be negatively
tapered once the frequency is higher than the PSF, as shown
in Fig. 3(a). Fig. 3(b) gives the relationship between the phase
velocity and axial position at 31.38 GHz, 34.01 GHz and
35.44 GHz, respectively.

Quasi-Synchronized Area (QSA) is the effective interaction
area of the MALPFW-SWS. The frequency range of QSA is
defined by two different ways for its two ends.

For the lower frequency end, the phase velocity is positively
tapered. An average spread of the positive tapering is about
8% [12]–[15], and it was adopted as the spread limitation of
the lower frequency end in this letter.

Fig. 3. The variations of phase velocity with (a) frequency and (b) axial
distance.

TABLE I
PROJECTED DIMENSIONS OF THE DESIGNED

KA-BAND MALPFW-SWS

In general, a proper positive tapering can improve the gain
of the TWT. Therefore, the point of top gain should have a
lower frequency than the PSP in the MALPFW-TWT. As a
result, a conservative value of 2.5% is adopted as the spread
limitation of the upper end considering the simulation results
in Section III. This limitation is valuable while discussing the
saturation output power and it can provide a preliminary guide
for the design of the MALPFW-SWS.

If the input frequency falls out of frequency range of QSA,
the TWT gain will decrease rapidly due to the fast variation of
phase velocity. So, even the beam line crosses the “oscillation
area” (such as the band edges shown in Fig. 2), the oscillation
will be suppressed as the oscillation frequency is outside of
the QSA range.

In addition, as mentioned in [2], the simplified dispersion
equation (eq. (4)) deviated from the experiment measurements
by about 1%-2% because the effects of circuit bends and beam
holes were not taken into account. If needed, the more accurate
dispersion curves can be obtained by simulation methods.
The difference between the simulation results and the analytic
equations are also shown in Fig.2.

III. DESIGN AND SIMULATION RESULTS

In order to validate the theory proposed in Section II, a Ka-
band MALPFW-SWS is designed and studied by using PIC
simulation.

Table I shows the projected dimensions of the designed
SWS. N is the total unit number of the SWS. According to the
analytic expressions presented in Section II, the normalized
phase velocity of the PSP is 0.152, corresponding to an
optimized operating beam voltage of 6.9 kV.

An ideal round electron emitter, with a radius of 0.27 mm,
was built in the PIC simulation to provide a round electron
beam with current of 300 mA. A solenoid magnetic field of
0.4 T is applied to focus the electron beam.

The output power is calculated as 217 W when the input
power is 18 mW at the frequency point of 32.4 GHz, as shown
in Fig. 4. The output signal is very steady in the simulation

Authorized licensed use limited to: Nanjing University. Downloaded on January 01,2024 at 08:03:18 UTC from IEEE Xplore.  Restrictions apply. 



XU et al.: THEORY AND EXPERIMENT OF HIGH-GAIN MALPFW-SWS 1239

Fig. 4. Frequency spectrums of the input and output signals.

Fig. 5. Saturation output power, saturation gain and small-signal gain
versus frequency.

duration time of 50 ns, even the gain of the one-section
MALPFW-TWT has reached 40.8 dB. The corresponding
frequency spectrums shown in Fig. 4 also proved that there
is no obvious oscillation.

Fig. 5 shows the variations of the saturation input/output
power, saturation/small-signal gain with frequency.

One can find out that the 3-dB frequency band of the
saturation output power is 31.3-35.8 GHz from the blue line
shown in Fig. 5. Furthermore, the small-signal gain obtained
by fixing input power to 50 μW and sweeping frequency
indicates that the 3-dB frequency band of small-signal gain
is 31.3-33.2 GHz. The maximal small-signal gain is 45.8 dB,
showing up at 32.4 GHz and this frequency is lower than the
predicted PSF.

IV. COLD TEST EXPERIMENT

The fabrication of the Ka-band MALPFW-SWS is realized
by dividing the SWS into two identical substructures from the
middle plane of the broader side of waveguide. The fabricated
components, including the mentioned substructures, a pair of
flanges, a pair of connectors, a pair of transition waveguides
and a copper sleeve, are shown in Fig. 6 (a).

Fig. 7 is the comparison between the simulation and experi-
ment results of the S-parameters. The experiment results show
that the S11 is better than -15 dB and the S21 is about -3.5 dB
between the frequency range of 32.5-40 GHz. Fig. 8 provides
the phase and loss curves. The average loss in axial direction
is about 0.41 dB/cm – 0.58 dB/cm. The experiment results
showed a good agreement in tendency with simulation results.
It indicates that the fabricated Ka-Band MALPFW-SWS is of
good transmission and is ready for hot test.

Fig. 6. Photos of (a) the fabricated components, (b) the profile of the
MALPFW-SWS and (c) the fabricated MALPFW slow wave system.

Fig. 7. Experiment results and simulation results of transmission
characteristics.

Fig. 8. (a) Insertion losses and (b) the phases of S21.

V. CONCLUSION

A novel SWS called MALPFW-SWS has been proposed
in this letter. The theory analysis of the dispersion char-
acteristics and cold test result have been presented for the
MALPFW-SWS. The designed one-section MALPFW-SWS
can achieve a high gain up to 40.8 dB from simulation,
without obvious oscillation. The peak output power is 226.8 W
at the frequency of 32.8 GHz. That indicated that the
MALPFW-SWS can reduce the fabrication difficulty of the
FW-TWT. The 3-dB frequency band of the saturation output
power is 31.3-35.8 GHz.

The proposed MALPFW-SWS is more suitable for W band
or THz band TWT. As no attenuator or cutoff is required, the
structure of the proposed MALPFW-SWS is much simpler.
Thus, the fabrication process can be simplified and the cost
can be reduced significantly.

Authorized licensed use limited to: Nanjing University. Downloaded on January 01,2024 at 08:03:18 UTC from IEEE Xplore.  Restrictions apply. 



1240 IEEE ELECTRON DEVICE LETTERS, VOL. 41, NO. 8, AUGUST 2020

REFERENCES

[1] S. Bhattacharjee, J. H. Booske, C. L. Kory, D. W. van der Weide,
S. Limbach, S. Gallagher, J. D. Welter, M. R. Lopez, R. M. Gilgen-
bach, R. L. Ives, M. E. Read, R. Divan, and D. C. Mancini,
“Folded waveguide traveling-wave tube sources for terahertz radiation,”
IEEE Trans. Plasma Sci., vol. 32, no. 3, pp. 1002–1014, Jun. 2004,
doi: 10.1109/TPS.2004.828886.

[2] J. H. Booske, M. C. Converse, C. L. Kory, C. T. Chevalier,
D. A. Gallagher, K. E. Kreischer, V. O. Heinen, and S. Bhattachar-
jee, “Accurate parametric modeling of folded waveguide circuits for
millimeter-wave traveling wave tubes,” IEEE Trans. Electron Devices,
vol. 52, no. 5, pp. 685–694, May 2005, doi: 10.1109/TED.2005.
845798.

[3] R. K. Sharma, A. Grede, S. Chaudhary, V. Srivastava, and H. Henke,
“Design of folded waveguide slow-wave structure for W -band TWT,”
IEEE Trans. Plasma Sci., vol. 42, no. 10, pp. 3430–3436, Oct. 2014,
doi: 10.1109/TPS.2014.2352267.

[4] K. T. Nguyen, A. N. Vlasov, L. Ludeking, C. D. Joye, A. M. Cook,
J. P. Calame, J. A. Pasour, D. E. Pershing, E. L. Wright, S. J. Cooke,
B. Levush, D. K. Abe, D. P. Chernin, and I. A. Chernyavskiy, “Design
methodology and experimental verification of Serpentine/Folded-
waveguide TWTs,” IEEE Trans. Electron Devices, vol. 61,
no. 6, pp. 1679–1686, Jun. 2014, doi: 10.1109/TED.2014.
2303711.

[5] H. Gong, Y. Gong, T. Tang, J. Xu, and W.-X. Wang, “Experimental
investigation of a high-power ka-band folded waveguide traveling-wave
tube,” IEEE Trans. Electron Devices, vol. 58, no. 7, pp. 2159–2163,
Jul. 2011, doi: 10.1109/TED.2011.2148119.

[6] P. Hu, W. Lei, Y. Jiang, Y. Huang, R. Song, H. Chen, and Y. Dong,
“Development of a 0.32-THz folded waveguide traveling wave tube,”
IEEE Trans. Electron Devices, vol. 65, no. 6, pp. 2164–2169, Jun. 2018,
doi: 10.1109/TED.2017.2787682.

[7] J. Cai, J. Feng, Y. Hu, X. Wu, Y. Du, and J. Liu, “10 GHz bandwidth
100 watt W-Band folded waveguide pulsed TWTs,” IEEE Microw.
Wireless Compon. Lett., vol. 24, no. 9, pp. 620–621, Sep. 2014,
doi: 10.1109/LMWC.2014.2328891.

[8] W. Wang, Microwave Engineering Technology. Beijing, China: National
Defense Industry Press, 2014, pp. 332–333.

[9] Z. Duan, Y. Gong, W. Wang, Y. Wei, and M. Huang, “Effect of
attenuation on backward-wave oscillation start oscillation condition,”
IEEE Trans. Plasma Sci., vol. 32, no. 6, pp. 2184–2188, Dec. 2004,
doi: 10.1109/TPS.2004.838619.

[10] K. Guo, Physical and Theoretical Problems on Traveling Wave
Tubes. Beijing, China: Publishing House of Electronic Industry, 2011,
pp. 65–67.

[11] S. Wang, Y. Gong, Y. Hou, Z. Wang, Y. Wei, Z. Duan, and J. Cai,
“Study of a log-periodic slow wave structure for ka-band radial sheet
beam traveling wave tube,” IEEE Trans. Plasma Sci., vol. 41, no. 8,
pp. 2277–2282, Aug. 2013, doi: 10.1109/TPS.2013.2271639.

[12] T. K. Ghosh, A. J. Challis, A. Jacob, and D. Bowler, “Design
of helix pitch profile for broadband traveling-wave tubes,” IEEE
Trans. Electron Devices, vol. 56, no. 5, pp. 1135–1140, May 2009,
doi: 10.1109/TED.2009.2015137.

[13] Z. Y. Duan, Y. B. Gong, Y. Y. Wei, W. X. Wang, B.-I. Wu, and
J. A. Kong, “Efficiency improvement of broadband helix traveling
wave tubes using hybrid phase velocity tapering model,” J. Elec-
tromagn. Waves Appl., vol. 22, no. 7, pp. 1013–1023, Jan. 2008,
doi: 10.1163/156939308784150119.

[14] S.-S. Jung, A. V. Soukhov, B. Jia, G.-S. Park, and B. N. Basu,
“Efficiency enhancement and harmonic reduction of wideband helix
traveling-wave tubes with positive phase velocity tapering,” Jpn. J.
Appl. Phys., vol. 41, no. Part 1, No. 6A, pp. 4007–4013, Jun. 2002,
doi: 10.1143/JJAP.41.4007.

[15] T. K. Ghosh, A. J. Challis, A. Jacob, D. Bowler, and R. G. Carter,
“Improvements in performance of broadband helix traveling-wave
tubes,” IEEE Trans. Electron Devices, vol. 55, no. 2, pp. 668–673,
Feb. 2008, doi: 10.1109/TED.2007.913006.

Authorized licensed use limited to: Nanjing University. Downloaded on January 01,2024 at 08:03:18 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/TPS.2004.828886
http://dx.doi.org/10.1109/TPS.2014.2352267
http://dx.doi.org/10.1109/TED.2011.2148119
http://dx.doi.org/10.1109/TED.2017.2787682
http://dx.doi.org/10.1109/LMWC.2014.2328891
http://dx.doi.org/10.1109/TPS.2004.838619
http://dx.doi.org/10.1109/TPS.2013.2271639
http://dx.doi.org/10.1109/TED.2009.2015137
http://dx.doi.org/10.1163/156939308784150119
http://dx.doi.org/10.1143/JJAP.41.4007
http://dx.doi.org/10.1109/TED.2007.913006
http://dx.doi.org/10.1109/TED.2005.845798
http://dx.doi.org/10.1109/TED.2005.845798
http://dx.doi.org/10.1109/TED.2014.2303711
http://dx.doi.org/10.1109/TED.2014.2303711


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /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 false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 600
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




