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Abstract  —  Highly-scaled Indium Phosphide (InP) 

transistor technologies have bandwidths extending into the 
terahertz (THz) frequency regime (0.3-3 THz). The high 
transistor bandwidth can be exploited to both extend circuit 
operation to THz frequencies and improve system 
performance at millimeter wave and sub-millimeter wave 
frequencies. InP heterojunction bipolar transistor (HBT) 
technologies offer wide bandwidths, high RF power handling 
and the capability to realize high levels of integration. We 
review integrated circuit (IC) results from Teledyne’s InP 
HBT technologies that span frequencies from 60 GHz to >600 
GHz focusing on performance benefits and applications.   
Index Terms —  InP HBT, terahertz, millimeter wave, sub-

millimeter wave, power amplifiers.

I. INTRODUCTION 

THz transistor bandwidths are achieved in the InP 
material system by combining the advantageous material 
properties of InGaAs and InP (high electron mobilities in 
both quantum-well channels and p-doped bases, large 
heterojunction offsets for carrier confinement, and high 
achievable doping levels for low Ohmic contact 
resistivities) with scaled transistor design and 
sophisticated fabrication techniques. Both field-effect high 
electron mobility transistors (HEMTs) and heterojunction 
bipolar transistors (HBTs) have been demonstrated with 
maximum frequencies of oscillation ( ) exceeding 1 
THz [1] [2]. Integrated circuit technologies have been 
matured to permit the demonstration of THz monolithic 
integrated circuits (TMICs) at increasing frequencies with 
increasing levels of complexity. The first demonstration of 
solid-state amplification at >1 THz was reported from a 25 
nm InP HEMT technology [3]. Fully integrated single-
chip transmitter and receiver ICs have been demonstrated 
at 600 GHz in an InP HBT  technology [4].  

At millimeter wave (mmWave) and sub-millimeter 
wave (sub-mmWave) frequencies, transistor bandwidths 
that far exceed the targeted operating frequency enable 
improvements in IC dynamic range and can lower prime 
power dissipation. Reduced noise figure, increased power 
added efficiency and larger fractional bandwidths can be 
obtained by incorporating THz bandwidth transistors. 

In this paper, we review integrated circuits 
demonstrated in Teledyne’s THz bandwidth InP HBT IC 
technologies. Results include: THz integrated circuits 
operating to > 600 GHz, sub-mmWave power amplifiers 
with record output powers at G-band (140-220 GHz) and 
ultra-low power W-band transceiver components.   

II. THZ INP HBT IC TECHNOLOGIES 

HBT bandwidths are increased through transistor 
scaling [5]; whereby the devices vertical and lateral 
dimensions are reduced with concurrent reductions in 
Ohmic contact resistivities and an increase in peak 
operating current density (normalized to junction area).  
At Teledyne, our InP HBT technology has been 
successively scaled from 500 nm through 130 nm 
technology nodes [6-8], where the technology node refers 
to the emitter junction width. The technologies share a 
common base-emitter process flow that utilizes an 
electroplated emitter contact with dielectric sidewall 
spacers. These features permit the formation of a high-
yield self-aligned base contact in close proximity to the 
emitter. Details of the HBT process flow have been 
reported elsewhere [4]. 

THz frequency integrated circuit operation has been 
demonstrated in both the 250 nm and 130 nm technology 
nodes. The 250 nm technology demonstrates typical peak 
transistor figures-of-merit  of 400 GHz/700 GHz. 
The transistors have a common-emitter breakdown voltage 

 =4.5 V and support high output power densities. 
The technology has been used extensively in mmWave 
and sub-mmWave power amplifier designs. RF power 
densities of > 2 W/mm normalized to emitter  have 
been demonstrated at W-band in this technology [9]. 

The 130 nm technology has RF figures-of-merit of  
520 GHz/1.15 THz, when biased for peak . The HBTs 
exhibit a common-emitter breakdown voltage  = 3.5 
V and can support collector current densitites  > 
30mA/ m2, normalized to the emitter junction area.  Fig. 1 
shows representative common-emitter IV curves for a 130 
nm HBT and measured extrapolated values of and  
versus bias.  
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Transistors are integrated in a multi-level backend-of-
line wiring environment that utilizes electroplated Au-
based metallization and a spin-on benzocyclobutene 
(BCB,  2.7) interlayer dielectric (ILD). A 3- or 4-level 
wiring stack with 2 m ILD thicknesses is typically used 
for digital and mixed-signal ICs. A modified process with 
a thicker (>5 m) top-most dielectric has also been 
developed to provide low-loss microstrip for mm-wave 
and THz circuit applications. 

Circuit designs typically use top-side thin-film 
transmission line wiring, and we have found that this type 
of wiring can be well-modeled with electromagnetic 
simulation to frequencies > 600 GHz.  For IC packaging, 
wafer thinning and through-substrate vias (TSVs) are still 
required for control of substrate modes. Wafers are 
thinned to 50 m or 75 m with TSVs and backside 
metallization. 

Integrated circuit design is supported by large-signal 
HBT models that utilize the Keysight III-V HBT model 
[10]. This model can accurately capture HBT bandwidth 
variation versus bias arising from non-equilibrium 
transport effects in the collector; such effects are difficult 
to model with standard Si BJT models. We have generally 
seen good agreement with simulated results for both 
small-signal and large-signal measurements on fabricated 
MMICs up to frequencies approaching the transistor 
cutoff frequencies.    

 III. THZ INTEGRATED CIRCUITS 

At the 250 nm technology node, InP HBT-based ICs 
have been demonstrated operating above 300 GHz.  
Results include fundamental oscillators operating to 570 
GHz [11] and power amplifiers at 300 GHz with 20 mW 
saturated output power [12]. The 130 nm technology has 
demonstrated fundamental signal generation and 
amplification at >600 GHz [13] [14].  

 Custom waveguide circuit blocks are bulky and 
expensive and waveguide-to-chip transitions are lossy. For 

these reasons, single-chip transceivers solutions are 
desirable at THz frequencies. With dense multi-level 
wiring and compact device footprints HBT IC 
technologies permit highly integrated THz transceiver 
components in small-from factors; the realization of arrays 
at /2 element spacings can be envisioned. Fig. 2 shows 
shows a chip photograph and measured IF output 
spectrum of a 580 GHz receiver circuit. The circuit 
includes an integrated 195 GHz phase-locked loop (PLL) 
for the LO source, an LO buffer amplifier, a 3rd-order sub-
harmonic down-converting mixer and a differential 
common-base input amplifier similar to that reported in 
[14]. The PLL circuit topology is similar to that reported 
in [15]. The circuit utilizes 105- 130 nm HBTs and 
consumes ~700 mW of DC power. For the shown 
measurement, the RF input frequency was 576 GHz  and 
the PLL output frequency was set to  = 193 GHz. On-
wafer Noise Figure testing was performed using the Y-
factor method with a Hot and Cold source. For this 
measurement, a horn antenna was used to couple the input 
to the receiver through an on-wafer probe. The loss of the 
probe was deembedded from the measurements based on 
measured S-parameters. A receiver NF of 18.4 dB was 
measured. Integrated transmitter circuits with a similar 
circuit topology have been described elsewhere [4].  

Fig. 3 shows an image of a 600 GHz amplifier circuit in 
a waveguide package and measured S-parameters of a 
packaged amplifier. E-plane waveguide probes (chip-to-
waveguide transitions) are integrated on the die. A 
backside etch singulation process has been developed to 
form non-rectangular die. Narrow InP extensions support 

 
 

Fig. 1. (left) Common-emitter IV characteristics of 130 
nm InP HBT (right) extrapolated RF figures-of-merit   
and  versus bias for 0.13 x 2 m2 HBT. 
 

          

 
 

 

Fig. 2. Chip photograph of integrated 580 GHz receiver 
circuit and on-wafer  measurement of IF output spectrum of 
580 GHz receiver circuit with PLL LO source.  = 576 
GHz, = 193 GHz. Chip dimensions: 1.95x0.7 mm2 



the antenna in the extensions entering the waveguide 
channel but the substrate is removed directly beneath the 
antenna to reduce loss. Further results from packaged 
amplifier and transceiver components will be described at 
the conference.   

IV. SUB MMWAVE POWER AMPLIFIERS 

InP HBTs are the leading power amplifier technology at 
frequencies between 100 and 300 GHz. At these 
frequencies, reported GaN HEMT power amplifier 
technologies demonstrate insufficient gain, and the higher 
breakdown voltage of InP DHBTs offers power density 
advantages over InGaAs-channel HEMTs. A record 
output power of 248 mW at 200 GHz has been 
demonstrated from a 16-way combined cascode amplifier 
fabricated in the 250 nm HBT technology [16]. H-band 
InP power amplifiers have exceptional large signal 
bandwidths. An 8-way combined amplifier based on the 
same circuit topology demonstrates 20 dB gain from 194-
265 GHz with greater than 50 mW of output power over 
the same frequency range [16]. Peak power-added 
efficiency for the 8-way combined PA is greater than 5%.  

High power solid-state power amplifier modules have 
been demonstrated combining multiple power amplifier 
MMICs with 710mW output power at 230GHz [17], and 
823mW at 216GHz [18]. These results represent a 3-4x 
improvement in available output power from solid state 
sources operating in this frequency range. Access to 
higher available source power enables improvements in 
THz signal generation with multiplier sources. In [19], a 

packaged 4-way combined amplifier covering the entire 
WR04 waveguide band was used to demonstrate a 325-
500 GHz doubler source with 0.5-1.0 mW output power, a 
500-750 GHz tripler source with 0.2-0.6 mW output 
power, and through subsequent tripling a 1.6-2.2 THz 
source with 0.1-2.3 W output power. 

V. MMWAVE CIRCUIT DEMONSTRATIONS 

A mmWave frequencies through W-band (110 GHz), 
THz transistors can significantly improve system 
performance. High efficiency broad band amplifiers have 
been demonstrated with up to 40% power added efficiency 
at 81 GHz [9] using 250 nm HBTs. In [20], high dynamic 
range W-band frequency conversion ICs were 
demonstrated in the 130 nm HBT technology.  These ICs 
were designed for a broadly tunable 1-22 GHz dual-
conversion receiver. Both up-conversion and down-
conversion ICs were demonstrated with 22 dBm IIP3 
while covering most of the W-band (75-110 GHz) 
frequency range.    

THz transistors offer the potential for significant system 
impact in improving beamformer front-end circuits for 
large-element mmWave phased-arrays. Compared to 
existing SiGe or CMOS technologies, THz bandwidth InP 
transistors can offer superior RF performance at 
equivalent DC power consumption or equivalent 
performance at greatly reduced DC power consumption. 
In [21], an ultra-low power 94 GHz transceiver frontend 
was presented (Fig.4). In dual-polarization receive mode 
with a 1.0 V supply, the transceiver consumes only 26 
mW of DC power and demonstrates 22 dB peak gain with 
< 8.9 dB noise figure. In transmit with a 1.5 V supply, the 
transceiver consumes 40 mW of DC power, demonstrates 
22 dB peak gain and achieves 5 dBm output power. Low 
power operation is critical in targeted arrays with >10,000 
elements, where large power dissipation puts strains on 
prime power requirements and heatsinking of the array.  

 

  
 
Fig. 4. Block diagram and chip photograph of ultra-low 
power 94 GHz transceiver front-end [21]. Chip dimensions: 
1.77x1.55 mm2. 

 
Fig. 3. Photograph of 600 GHz amplifier in waveguide 
block package and measured S-parameters of a packaged 
amplifier (S21-black, S11-red, S22-blue). 



In [21], control of channel amplitude and phase was 
achieved with analog control voltages.  3D heterogeneous 
integration of InP transistor with Si CMOS, like that 
reported in [22], offers a path for implementing digital 
control electronics while maintaining /2 element spacing.  

VII. CONCLUSION 

We have described Teledyne Scientific’s THz InP IC 
technologies and their application in MMICs ranging from 
mmWave to THz frequencies. Sophisticated MMIC 
design across these frequencies is aided by the high 
achievable integration levels, accurate transistor models 
and well-established design flows 

ACKNOWLEDGMENT 

The authors would like to acknowledge the Teledyne 
Scientific Company cleanroom operations group for 
circuit fabrication. Significant support for THz metrology 
and integrated circuit testing was provided Dr. Anders 
Skalare, Mr. Robert Lin and Mr. Alejandro Perralta at Jet 
Propulsion Labs. Portions of this work were supported by 
DARPA CMO Contract No. HR0011-09-C-0060. The 
views, opinions and/or findings contained in this article 
are those of the authors and should not be interpreted as 
representing the official policies, either expressed or 
implied, of the Defense Advanced Research Projects 
Agency, or the Department of Defense. Program support 
from Dr. Dev Palmer (DARPA) and Dr. Alfred Hung 
(ARL) is gratefully acknowledged. 

REFERENCES 

[1] R. Lai et. al. “Sub 50nm InP HEMT device with  
greater than 1THz,”  

, Washington, DC, pp. 609-
611, Dec. 2007. 

[2] M. Urteaga et. al. “130nm InP DHBTs with  
>0.52THz and  >1.1THz,”

, Santa Barbara, CA, pp. 
281-282, June 2011. 

[3] X. Mei et. al. “First demonstration of amplification at 
1THz using a 25-nm InP high electron mobility 
transistor process,”  vol. 
36, no. 4, pp. 327-229, April 2015 

[4] M. Urteaga et. al. “InP HBT technologies for THz 
integrated circuits,” , vol. 
106, no. 6, June 2017.  

[5] M. Rodwell et. al. “Submicron scaling of HBTs,” 
, vol. 48, no. 

11, November 2011, pp. 2606-2624 
[6] M. Urteaga et. al. “Advanced InP DHBT process for 

high speed LSI cirucits,”  

Versailles, France, May 2008.  
[7] M. Urteaga et. al. “InP HBTs for THz frequency 

integrated circuits,” 

 Berlin, Germany, 
May 2011. 

[8] M. Urteaga et. al. “A 130 nm InP HBT integrated 
circuit technology for THz electronics,” 

, San 
Francisco, CA, Dec. 2016. 

[9] Z. Griffith et. al. “71-95 GHz (23-40% PAE)and 96-
120 GHz (19-22% PAE) high-efficiency 100-130 mW 
power amplifiers in InP HBT,” 

 , San 
Francisco, CA, June 2016. 

[10] M. Iwamoto et. al. “Large-signal HBT model with 
improved collector transit time formulation for GaAs 
and InP technologies,” 

, Philadelphia, PA, June 2003. 
[11] M. Seo et. al. “InP HBT IC technology for terahertz 

frequencies: fundamental InP HBT oscillators up to 
0.57 THz,” vol. 
46, no. 10, pp. 2203-2214, Oct. 2011 

[12] J. Kim et. al., “H-band power amplifier integrated 
circuits using 250-nm InP HBT technology,” 

 vol. 5, 
no. 2, Mar. 2015. 

[13] J. Hacker et. al. “InP HBT amplifier MMICs 
operating to 0.67 THz,” 2013 

 Seattle, WA, June 2-7, 2013. 
[14] M. Seo et. al., “A 600 GHz InP HBT amplifier using 

cross-coupled feedback stabilization and dual-
differential power combining,”

 Seattle, WA, 
June 2-7, 2013. 

[15] M. Seo et. al. “A 220-225.9 GHz InP HBT single-
chip PLL,” 

, October 2011, 
Waikoloa, HI. 

[16] Z. Griffith et. al. “180-265 GHz, 17-24 dBm output 
power broadband, high-gain power amplifiers in InP 
HBT,” 

 Honolulu, HI, June, 2017. 
[17] K.W. Brown et. al. “200-260GHz solid-state power 

amplifiers with 700mW of output power,” 
, May 

2015, Phoenix, AZ. 
[18] J.-M. Rollin et. al. “A polystrata 820mW G-band 

solid-state power amplifier,” 
, Oct. 2015, New 

Orleans, LA. 
[19] E. Bryerton et. al., “Broadband Tunable Supra-THz 

Test Sources,” 

 Hong Kong, August 23-28, 2015. 
[20] S-K. Kim et. al, “A high-dynamic range W-band 

frequency conversion IC for microwave dual 
conversion receivers,” 

, Austin, Tx, Oct. 2016. 
[21] S-K. Kim et. al, “Ultra-low-power components for 94 

GHz transceiver,” 
, Austin, Tx, Oct. 2016. 

[22] A. Carter et. al. “Q-band InP/CMOS receiver and 
transmitter beamformer channels fabricated by 3D 
heterogeneous integration,” 

 Honolulu, HI, June, 2017.



<<
  /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 1.4
  /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 ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /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 0.76
    /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 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 0.76
    /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 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 [612.000 792.000]
>> setpagedevice


