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Abstract— In order to implement automatic gain control 
arrangements in receiver applications, multi-aperture couplers 
between microstrip circuitry and substrate-integrated 
waveguides are proposed. The design procedure is described, and 
couplers formed by single-aperture and dual-aperture 
configurations are presented. It is demonstrated that the 
coupling can be as tight as 1 dB but that weaker coupling leads to 
more broadband and flatter coupler performance. Designs are 
carried out in an HFSS environment; comparisons with CST 
validate the design procedure.  Dimensions and parameters of all 
couplers are presented as guidelines for general design purpose. 

I. INTRODUCTION 

Substrate-Integrated Waveguide (SIW) circuitry is in the 
process of maturing into a reliable and reproducible 
technology. Its equivalency with waveguide-based design 
guidelines is well documented, e.g. [1], [2], and applications 
are running from around 30 GHz [3], to around 100 GHz [4], 
[5]. 

Following the development of Antipodal Linearly Tapered 
Slot Antenna (ALTSA) arrays in SIW technology [6] for 
receiver applications, coupler arrangements to implement 
automatic gain control are in demand. As the gain control 
circuit will normally employ coaxial-type (TEM-like) 
transmission lines, a direct SIW-to-microstrip coupler would 
appear to be the design of first choice. A drawing of such a 
coupler including the receiving ALTSA is shown in Fig. 1. 

 

 

Fig. 1. Antipodal linearly tapered slot antenna with substrate-integrated 
waveguide connection and multi-aperture coupler to microstrip technology. 

Therefore, this paper investigates SIW-to-microstrip 
couplers for SIW receiver applications. Performances of 
couplers with multiple apertures in single- and dual-slot 

arrangements are presented covering coupling values between 
1 dB and 10 dB. 

II. COUPLER DESIGN 

Fig. 2 shows the arrangements of a microstrip line coupled 
to a SIW through single-slot (Fig. 2a) or dual-slot (Fig. 2b) 
rectangular apertures. Note that the curved microstrip lines in 
Fig. 1 have been omitted for computational efficiency in the 
initial design procedure. The design is performed in HFSS, 
and all-dielectric waveguide ports are used as SIW transitions 
(instead of microstrip tapers) in order to increase accuracy and 
dynamic range and to decrease computational complexity [2].  

 

 
(a) 

 

(b) 
Fig. 2. Microstrip-to-SIW coupler with 8 single (a) and double (b) apertures. 

Fig. 3 shows the individual design parameters for the SIW-
to-microstrip coupler. For a given frequency range (Ka-band) 

and SIW substrate (Rogers RO 4003 with ε r = 3.55, substrate 
height b = 508μm, metallization thickness t = 35μm), the via 
holes and their distances are chosen as a = 4.352mm, d = 

Proceedings of the 5th European Conference on Antennas and Propagation (EUCAP)

1203



0.944mm and p = 1.887mm, respectively, according to [1]. A 

different substrate material (Roger RT 5870 with εr = 2.33, 
same substrate and metallization thickness as the SIW) is 

selected for the microstrip line, which leads to a 50Ω line 
width of wms = 1.577mm. These parameters are identical for 
all SIW-to-microstrip couplers presented in this paper. The 
remaining design-specific dimensions are listed in Table I. 

 

 
Fig. 3. Design parameters of SIW-to-microstrip couplers. 

The design of a coupler (e.g. Fig. 2a) proceeds with finding 
the dimensions of a single rectangular aperture according to 
[7], [8], assuming that each slot within a number n of 
apertures contributes to 1/n of the specified overall coupling. 
The center-to-center spacing between apertures can then be set 
to a quarter wavelength with optimization finding the final 
individual slot and distance parameters. Alternatively, the 
influence of neighbouring slots can be initially taken into 
account using the method presented in [9]. 

Dual-slot couplers (Fig. 2b) are designed similarly. The 
only difference is the location of the slots with respect to the 
center of the entire structure. The parameter c in Fig. 3 is 
chosen to be equal to one-quarter of the width of the 
waveguide channel (c = (a-d)/4). Of course, all couplers are 
symmetric with respect to the symmetry plane (Fig. 3) and, 
therefore, only one half of the slot dimensions are listed in 
Table I. 

III. RESULTS 

Following the above procedure, a 1dB coupler with eight 
single slots is designed as the first example. Since tight 
coupling is expected to have the most frequency-sensitive 
performance, this case is also chosen as verification of the 
design process within the HFSS environment. 

Fig. 4 shows the coupler performances as obtained with 
HFSS and CST. The agreement is excellent and thus validates 
the design procedure. As expected the bandwidth around 1dB 
coupling, which is centered at 31.5 GHz, is fairly narrow 
(P1/P3) with return loss (RL) and isolation (P1/P4) values better 
than about 20 dB. The SIW through port is denoted as the 
ration of P1/P2. Return losses seen into the microstrip line (e.g. 
RL at port 3) are in a similar range and not shown here. Note 
that the power balance at midband frequency indicates losses 
of approximately 1 dB. This appears to be due to the tight 

coupling, which indicates that not all power radiating out from 
the SIW through the slots is actually captured by the 
microstrip line. This power loss is slightly weaker at reduced 
coupling levels, but a certain loss due to radiation appears to 
be unavoidable in direct SIW-to-microstrip couplers as 
demonstrated in the following design examples. It indicates 
that in addition to predominantly dielectric losses, not all 
power radiating out from the SIW through the slots is actually 
captured by the microstrip line. 

 

 
Fig. 4. Performance comparison between HFSS and CST at the example of a 

1dB SIW-to-microstrip coupler with 8 single apertures (c.f. Table I). 

Fig. 5 shows the performance of an 8dB coupler with 8 
single slots. Return loss and isolation are better than 15 dB for 
most of the band (except for around 36 GHz), and the 
coupling behaviour is fairly constant over the entire Ka-band. 
Note that in this and the previous design, the distance between 
apertures has been kept constant as shown in Table I. 

 

 
Fig. 5. Performance of 8dB SIW-to-microstrip coupler with 8 single apertures 

(c.f. Table I). 

For comparison with Fig. 5, Fig. 6 shows the performance 
of a 6dB coupler design with eight dual apertures, e.g. [10], 
for which not only the aperture dimensions but also the 
lengths between them have been optimized. Although the 
coupling is not quite as constant due to the slightly increased 
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coupling compared to Fig. 5, return loss and isolation have 
been improved. 

 

 
Fig. 6. Performance of 6dB SIW-to-microstrip coupler with 8 double 

apertures (c.f. Table I). 

 

 
(a) 

 
(b) 

Fig. 7. Performances of 10 dB SIW-to-microstrip couplers with 4 (a) and 8 (b) 
double apertures (c.f. Table I).  

TABLE I 
DIMENSIONS (IN MM), COUPLING AND CONFIGURATIONS OF COUPLERS 

 

Fig. Coupling 
Configuration 

Dimensions  
Length Width Spacing 

4 1 dB, 
Single,  
n = 8 
 

l1= 0.766
l2 =1.190
l3 = 0.746
l4 = 0.997

 

w1=1.045
w2 =1.580
w3 =1.913
w3 =1.806

 

d1=1.550
d 2 =1.550
d 3 =1.550
d 4 =1.550

 

5 8 dB, 
Single,  
n = 8 

l1=1.031
l2 = 0.624
l3 = 0.486
l4 = 0.491

 

w1= 0.862
w2 = 0.878
w3 =1.292
w3 =1.052

 

d1=1.550
d 2 =1.550
d 3 =1.550
d 4 =1.550

 
6 6 dB,  

Double,  
n = 8, 
c = 0.852 

l1= 0.425
l2 = 0.906
l3 = 0.223
l4 =1.079

 

d1=1.602
d 2 = 2.236
d 3 =1.757
d 4 =1.594

 

d1=1.602
d 2 = 2.236
d 3 =1.757
d 4 =1.594

 

7a 10 dB,   
Double,  
n = 4, 
c = 0.852 

l1= 0.167
l2 = 0.785

 
w1=1.447
w2 =1.102

 
d1=1.566
d 2 =1.766

 

7b 10 dB,   
Double,  
n = 8, 
c = 0.852 

l1= 0.186
l2 = 0.169
l3 = 0.112
l4 =1.027

 

w1=1.029
w2 =1.257
w3 =1.380
w3 = 0.688

 

d1=1.550
d 2 =1.550
d 3 =1.550
d 4 =1.550

 

8a 15 dB, 
Single,  
n = 8 
 

l1= 0.644
l2 = 0.320
l3 =1.019
l4 = 0.190  

w1= 0.644
w2 =1.063
w3 = 0.668
w3 =1.171  

d1=1.694
d 2 =1.463
d 3 =1.670
d 4 =1.305  

8b 20 dB, 
Single,  
n = 8 
 

l1= 0.468
l2 = 0.183
l3 =1.195
l4 = 0.273 

w1= 0.717
w2 = 0.817
w3 = 0.588
w3 =1.014  

d1=1.563
d 2 =1.497
d 3 =1632
d 4 =1.300  

9 3 dB,  
Double,  
n = 16, 
c = 0.852 
 

l1= 0.352
l2 = 0.483
l3 = 0.344
l4 = 0.597
l5 = 0.889
l6 =1.003
l7 = 0.831
l8 = 0.888

 

w1=1.699
w2 =1.672
w3 =1.488
w4 =1.463
w5 =1.817
w6 =1.488
w7 = 2.056
w8 =1.833

 

d1=1.699
d 2 =1.672
d 3 =1.488
d 4 =1.463
d 5 =1.817
d 6 =1.488
d 7 = 2.056
d 8 =1.833

 

10b 15 dB,  
Double,  
n = 8, 
c = 1.07 
 

l1=1.008
l2 = 0.246
l3 =1.165
l4 =1.197

 

w1= 0.685
w2 = 0.276
w3 = 0.538
w4 = 0.435

 

d1= 2.256
d 2 =1.723
d 3 =1.751
d 4 = 2.250
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The performance of a 10dB coupler with only four dual 
apertures is presented in Fig. 7a. Due to the small number of 
slots, the coupling (P1/P3) increases slightly but steadily across 
the band. However, return loss and isolation values of 25 dB 
or better are obtained for almost all of the Ka-band  (up to 39 
GHz). Fig. 7b shows the performance of the same coupler but 
with eight dual slots.  As a result of the extended number of 
apertures, the coupling behaviour is flatter, and the return loss 
and isolation are pushed above 28 dB. 

The respective performances 15 dB and 20 dB couplers are 
shown in Fig. 8a,b. Due to the constant number of slots (eight), 
the coupling (P1/P3) increases slightly but steadily across the 
band. Return loss (RL) and isolation (P1/P4) values of 20 dB 
or better are obtained. 

 

 
(a) 

 
(b) 

Fig. 8. Performances of 15 dB (a) and 20 dB (b) SIW-to-microstrip couplers 
with eight apertures (c.f. Table I). 

Fig. 9 addresses applications as wideband power splitter 
between the SIW and the microstrip line and shows the 
performance of such a component with 16 dual apertures. Due 
to the large number of coupling slots, return loss and isolation 
are close to the 20dB level. However, the power splitting 
occurs not at 3 dB but at 4 dB which indicates, similar to 
previous observations, a loss of power of approximately 1 dB. 

In order to suggest a method to reduce the power loss, we 
propose a coupling structure in which the SIW is coupled to 
another SIW, which is then interfaced with microstrip 
circuitry using standard SIW-to-microstrip transitions [11].  
Such an option is presented for a 15dB dual-aperture coupler 
in Fig. 10a.  

 

 
Fig. 9. Performance of 3dB SIW-to-microstrip coupler with 16 double 

apertures (c.f. Table I). 

 

 
(a) 

 

(b) 
Fig. 10. Layout (a) and performance (b) of a 15 dB SIW-to-SIW-to-microstrip 

coupler with eight dual apertures. 
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For the SIW-to-SIW-microstrip coupler, the SIW 
parameters are: Rogers RT duroid/5880 substrate with εr = 2.2 
and height b = 508μm; via-hole diameter d = 1.12mm, centre-
to-centre via spacing p = 2.032mm; centre-to-centre via 
waveguide width a = 5.4mm; copper thickness t = 35μm and 

the air-filled coupling apertures have a thickness of 35μm. 
The width of the 50Ω microstrip line is 1.672mm. A SIW to 
microstrip transition, as depicted in Fig. 10a, has a width at 
the SIW junction of 1.796mm, and the length of the linear 
taper between these two widths is 4.639mm. See Table1 for 
aperture dimensions. 

Compared with Fig. 8a, the losses are reduced by 
approximately 0.9 dB according to the data obtained at 40 
GHz. Moreover, the coupling is somewhat flattened due to the 
use of dual instead of single apertures. 

IV. CONCLUSIONS 

Substrate-integrated-waveguide-to-microstrip couplers are 
well suited for power-monitoring and gain-control 
applications, especially at low (≥ 15 dB) coupling levels. 
Initial parameter values can be obtained from data and 
procedures available in the open literature. Fine optimization 
using an electromagnetic field solver package (e.g. HFSS or 
CST) completes the design. Losses due to radiation can be 
reduced by employing a SIW-to-SIW coupler (e.g. [2]) and 
adding SIW-to-microstrip transitions at the top layer. For the 
substrates and frequency ranges used here, insertion losses 
were reduced by 0.9 dB. 

 
 
 

REFERENCES 

[1] Y. Cassivi, L. Perregrini, P. Arcioni, M. Bressan, K. Wu, and G. 
Conciauro, “Dispersion characteristics of substrate integrated 
rectangular waveguide,” IEEE Microwave Wireless Comp. Lett., vol 12, 
pp. 333-335, Sep. 2002. 

[2] V.A. Labay and J. Bornemann, “E-Plane directional couplers in 
substrate-integrated waveguide technology,” Proc. Asia-Pacific 
Microwave Conf., Hong Kong, Dec. 2008. 

[3] K. Wu, D. Deslandes, and Y. Cassivi, “The substrate integrated circuits 
- A new concept for high-frequency electronics and 
optoelectronics,”Proc. 6th Int. Conf. Telecommunications in Modern 
Satellite, Cable and Broadcasting Service (TELSIKS 2003), vol. 1, pp. 
PIII-PX, Oct. 2003. 

[4] E. Moldovan, R.G. Bosisio, and K. Wu, “W-band multiport substrate-
integrated waveguide circuits,” IEEE Trans. Microwave Theory & 
Tech., vol. 54, pp. 625-632, February 2006. 

[5] D. Stephens, P.R. Young and I.D. Robertson, “Millimeter-wave 
substrate integrated waveguides and filters in photoimageable thick-
film technology,” IEEE Trans. Microwave Theory Tech., Vol. 53, pp. 
3832-3838, Dec. 2005. 

[6] I. Wood, D. Dousset, J. Bornemann and S. Claude, "Linear tapered slot 
antenna with substrate integrated waveguide feed", 2007 IEEE AP-S 
Int. Symp. Dig., pp. 4761-4764, Honolulu, USA, June 2007. 

[7] G.V. Jogiraju and V.M. Pandharipande, “Stripline to microstrip line 
aperture coupler,” IEEE Trans. Microw. Theory Tech., vol. 38, pp. 
440–443, Apr. 1990. 

[8] J.S. Rao, K.K. Joshi, and B.N. Das, “Analysis of small aperture 
coupling between rectangular waveguide and microstrip line,” IEEE 
Trans. Microwave Theory Tech., vol. 29, pp. 150-154, Feb. 1981. 

[9] K. Rambabu and J. Bornemann, “Analysis and design of profiled 
multi-aperture stripline-to-microstrip couplers,” IEE Proc.-Microw. 
Antennas Propag., vol. 150, pp. 484-488, Dec. 2003. 

[10] V.A. Labay and J. Bornemann, "Design of dual-band substrate-
integrated waveguide E-plane directional couplers", Proc. 2009 Asia-
Pacific Microwave Conf., TH2D-3, 4 p., Singapore, Dec. 2009. 

[11] D. Deslandes, “Design equations for tapered microstrip-to-substrate 
integrated waveguide transitions,” IEEE MTT-S Int. Microwave Symp. 
Dig., pp. 704-704, Anaheim, May 2010. 

 

1207



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFB-Reg
    /BerlinSansFBDemi-Bold
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /CMUBright-Bold
    /CMUBright-BoldOblique
    /CMUBright-Oblique
    /CMUBright-Roman
    /CMUBright-SemiBold
    /CMUBright-SemiBoldOblique
    /CMUClassicalSerif-Italic
    /CMUConcrete-Bold
    /CMUConcrete-BoldItalic
    /CMUConcrete-Italic
    /CMUConcrete-Roman
    /CMUSansSerif
    /CMUSansSerif-Bold
    /CMUSansSerif-BoldOblique
    /CMUSansSerif-DemiCondensed
    /CMUSansSerif-Oblique
    /CMUSerif-Bold
    /CMUSerif-BoldItalic
    /CMUSerif-BoldNonextended
    /CMUSerif-BoldSlanted
    /CMUSerif-Italic
    /CMUSerif-Roman
    /CMUSerif-RomanSlanted
    /CMUSerif-UprightItalic
    /CMUTypewriter-Bold
    /CMUTypewriter-BoldItalic
    /CMUTypewriter-Italic
    /CMUTypewriter-Light
    /CMUTypewriter-LightOblique
    /CMUTypewriter-Oblique
    /CMUTypewriter-Regular
    /CMUTypewriterVariable
    /CMUTypewriterVariable-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSans-ExtraLight
    /DejaVuSans-Oblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerif-Italic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /Euclid-Italic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /FootlightMTLight
    /ForteMT
    /FrankRuehl
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /GSIDefaultSymbols
    /GSIGeologicSymbols
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MS-UIGothic
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Math2Mono-Bold
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5Bold
    /Mathematica5Mono
    /Mathematica5MonoBold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /NSimSun
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OpenSymbol
    /PMingLiU
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodTransparent
    /STOMP_AlmonteWoodgrain
    /STOMP_Angostura
    /STOMP_BlueHighway
    /STOMP_BlueHighwayCondensed
    /STOMP_Bullpen
    /STOMP_Coolvetica
    /STOMP_CrystalRadioKit
    /STOMP_DirtyBakersDozen
    /STOMP_DreamOrphans
    /STOMP_Droid
    /STOMP_Duality
    /STOMP_EdenMills
    /STOMP_Effloresce
    /STOMP_ForgottenFuturist
    /STOMP_JoyCircuit
    /STOMP_LibelSuit
    /STOMP_Mexcellent3D
    /STOMP_Neuropol
    /STOMP_Pakenham
    /STOMP_PortCredit
    /STOMP_Pricedown
    /STOMP_Quadaptor
    /STOMP_RelishGargler
    /STOMP_Rina
    /STOMP_Sandoval
    /STOMP_Shlop
    /STOMP_Steelfish
    /STOMP_SuiGeneris
    /STOMP_Teen
    /STOMP_Vibrocentric
    /STOMP_ZackMan
    /STOMP_Zeroes
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /Sshlinedraw
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trajan-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings-Regular
    /Wingdings2
    /Wingdings3
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 /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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.440 841.680]
>> setpagedevice


