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Abstract—This paper presents a new approach for accurate    
M-2M MOSFET digital-to-analog converter (DAC) design. It 
describes a complete design methodology, where DAC
inaccuracy is related to transistor geometry and bias through a 
powerful physics-based MOSFET mismatch model, very useful 
for hand design. Short-channel effects are also taken into 
account. Two versions of the converter were implemented in a 
0.35 μm 3.3V CMOS technology, and corroborate the theoretical 
development with statistical experimental results. 

I. INTRODUCTION

Analog-to-digital (ADC) and digital-to-analog (DAC) 
converters are key blocks in mixed-signal circuits.  

Any data converter requires a quantization technique to 
implement a binary current or voltage division; to that 
purpose, the R-2R ladder was the mainly used network over 
the 60’s to the early 80’s years. In 1992, Bult and Geelen 
proposed a linear current division technique by using MOS 
transistors only [1]. This principle, appropriate for application 
in CMOS processes, has been used to implement M-2M 
ladders [2], [3], which are the MOSFET-based equivalent to 
the resistor R-2R ladders. M-2M ladders do not consume too 
much silicon area. Also, they can be used for low voltage and 
low power applications. Since in advanced MOS processes 
transistor matching can be better than 0.1% [2], an effective 
resolution of 10-12 bits without trimming is attainable. 

This paper presents a design methodology for M-2M MOS 
DACs that can predict the converter accuracy using a physics-
based MOSFET mismatch model, also developed by the 
authors. Two 8-bit versions of the converter were designed, 
implemented in a 0.35 μm CMOS technology (Fig. 1), and 
fully characterized, to corroborate the theoretical 
development. To the best of our knowledge, this is the first 
successful design methodology based on mismatch data for 
M-2M DACs. 

II. THE BINARY WEIGHTING PRINCIPLE 
For a long-channel MOSFET under any bias condition, the 

drain current is directly proportional to the channel width (W), 
and inversely proportional to its length (L). Based on this 

statement, one can show that any series-parallel association of 
identical transistors (Fig. 2) works similarly to one device with 
equivalent aspect ratio (W/L). Using this association principle, 
transistor Mb in Fig. 2 can also be substituted by a series-
parallel association of identical transistors, Mba, Mbb, Mbc and 
Mbd, resulting the circuit in Fig. 3. 

Figure 1. Micrograph of the 8-bit DAC (DAC1 shown). At the top area is 
the M-2M ladder and at the bottom area is the serial register. 

Figure 2. MOSFET association principle: one transistor can be substituted 
by a series-parallel association of identically designed transistors. 

Since the main branches in Fig. 3 are equivalent, the 
applied current ID is equally divided between them. The same 
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current division principle can be used in the secondary 
branches, resulting in 

 221 DDD III == ;  42222 DDbDaD IIII === . (1) 

One can see that it is rather simple to establish a binary 
division of currents that flow through different branches of a 
series-parallel association of MOSFETs. 

III. THE M-2M D/A CONVERTER 
The transistor Mbb of Fig. 3 can also be substituted by 

another set of four transistors in series-parallel association, 
resulting in another binary division of the current. This 
procedure can be repeated successively, resulting in the 
network traditionally called the “M-2M ladder”. 

Figure 3. Mb in Fig. 2 can be substituted by a series-parallel equivalent 
association. 

Fig. 4 shows the simplified schematic of the DAC, in 
which successive binary divisions of the input current IR are 
performed. Here, each transistor in the bottom of the circuit in 

Fig. 3 is implemented by 2 drain-connected transistors (Mi2
and Mi3, i = 7, 6…1, 0), which deviate the binary fraction of IR
to the nodes either I0 (output node) or IG (ground node), 
depending on the state of the register output Qi. Both nodes I0
and IG are connected to zero Volt, as is also the reference GB
node. The gate voltage of the network, which together with the 
input current IR defines the inversion level of the transistors, is 
generated by a bias circuit composed of MB1 and MB2, which is 
current-biased through IB. This strategy makes it possible to 
evaluate experimentally the impact of the inversion level of on 
the converter accuracy. 

This programmable current divider has two major 
advantages: (a) MOSFETs perform simultaneously as 
elements of the divider network and as switches, and (b) the 
impedance of the current attenuator is independent of both the 
number of bits and the input data.  

The branches where high currents can flow were 
implemented using the Kelvin (force-sense) technique, which 
require separated connection wires for current forcing and 
voltage measurement. This technique increases the accuracy 
of the characterization procedure, since all the voltage drops 
along these connections are compensated. 

IV. MOSFET MISMATCH MODEL 
MOSFET mismatch results from several process and 

geometric factors, which have been extensively studied, 
resulting in a dozen models in the last 20 years. The most used 
of them is known as Pelgrom’s Model [4], which was 
proposed in 1989 and became an industry standard. 
Unfortunately, this model does not consider the nonlinear 
nature of MOSFETs in a proper manner, yielding to 
inconsistent formulas at high inversion levels. This 
inconsistency has been highlighted by the shrinking 
dimensions and reduced supply voltage of current submicron 
technologies, where transistors are designed to work from 
very weak to very strong inversion. 

Figure 4. Simplified schematic of the 8 bit DAC that employs the M-2M ladder for the binary division of the reference current. The shift register at the 
bottom is used for the series-to-parallel conversion of the input word. 
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Recently we developed a new mismatch model, based on 
the integration of the contribution of the local dopant 
fluctuation along the MOSFET channel [5], keeping in mind 
the MOSFET nonlinearities through the use of the Advanced 
Compact MOSFET (ACM) model [6]. Doping concentration 
fluctuation that derives from the discrete nature of charges is 
widely recognized as the main mismatch cause for today’s 
advanced technologies. The main result of our model [5] is a 
compact formula for current mismatch, in terms of geometry 
(W and L), bias (if and ir) and technology (Noi , BISQ and N*)
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where if and ir are the forward and reverse inversion levels, 
and N* = –Q’IP / q = nC’oxφt / q is the carrier density at pinch-
off. Noi is the main mismatch model parameter, representing 
the effective number of impurities per unit area in the 
depletion volume. BISQ is a less significant model parameter 
that accounts for variations in the specific current (ISQ = 
½μC’ox nφt

2). 

V. DAC DESIGN METHODOLOGY 
To support experimentally our methodology, we have 

designed two versions of 8-bit M-2M DAC, being one 
(DAC1) with expected error within ±½ LSB, and the other 
(DAC0) with expected error within ±¼ LSB. 

Designing the M-2M DAC can be understood as the 
transistor sizing, under some specified biasing condition (all 
devices of the ladder are identical). Basically, the DAC design 
involves: 

• channel length determination (L), which is related to 
the impact of the short-channel effects on the 
converter performance, and; 

• area determination (WL), since it is directly related to 
the matching of the transistors, and consequently to 
the accuracy of the converter. 

One of the most significant short-channel effects that 
degrades the drain current is the carrier velocity saturation
(CVS). This effect becomes significant when the channel 
length is reduced to such an extent that the carrier velocity is 
no longer proportional to the longitudinal electric field. To 
reduce the impact of this effect, we should either [2]: (a) 
operate any transistor far from saturation, or (b) chose L large 
enough such that the CVS phenomenon is made insignificant, 
even when the transistors saturate. 

From Fig. 4, one can observe that only the transistors 
connected to IR are prone to operate in saturation. But, 
unfortunately, these are the transistors with higher impact on 
the DAC accuracy, because they are related to the most 
significant bit (MSB). 

Here we use the following expression [7] for the CVS 
effect on mobility 

 
( )2

0

0

1 satDS

sat
LV νμ

μμ
+

= , (3) 

where µ0  is the low field mobility, sat is the carrier saturation 
velocity, and VDS is the drain-source voltage. Equation (3) is 
known to describe the dependence of mobility under high 
longitudinal electric fields with quite good accuracy. The 
magnitude of sat is essentially independent of doping 
concentration, and is of the order of 107 cm/s for both 
electrons and holes at room temperature [8]. 

Figure 5. Normalized current mismatch for a 10 µm x 10 µm transistor, 
under two inversion levels (20 and 2000), using our mismatch model and

TSMC 0.35 extracted parameters. Dashed lines use Noi = 2x1012 cm-2 and BISQ
= 0.4 %-µm. Solid lines use Noi = 3.5x1012 cm-2 and BISQ = 0.9 %-µm.  

Considering µ0  420 cm2/Vs (from MOSIS, for NMOS in 
TSMC 0.35) and a maximum drain voltage of 2V (high 
enough to saturate transistors biased at an inversion level 
around 5000), we calculated from (3) the minimum L
necessary for an impact of the CVS effect less than ½ LSB on 
DAC1; the result is a minimum L equal to 9.81 µm. The 
resulting length is equivalent to the length of the series 
association of M71 and either M72 or M73. Thus, we have used
L = 5 µm for all transistors. 

The transistor area was determined using the mismatch 
model described by (2). The mismatch parameters for this 
technology were experimentally extracted from another batch, 
using our custom-made test chip [9]. Measurements from 15 
samples from the same run resulted in a Noi that ranges 
between 2x1012 and 3.5x1012 cm-2, and a BISQ between 0.4 and 
0.9 %-µm. Using these set of data for Noi and BISQ, Fig. 5 
shows the expected mismatch for the series association of two 
transistors (W = 10 µm and L = 2 x 5 µm). We can see that, for 
the worst case, under saturation and if = 20, the maximum 
expected current deviation is 0.73%. 

We chose two target inversion levels to make this DAC 
operate, one in very strong inversion (2000) and the other in 
moderate inversion (20). Since the DAC accuracy increases 
with the inversion level (matching improves), we designed the 
DAC to reach the minimum ±½ LSB accuracy for DAC1 
under the lowest inversion level, which means a maximum 
mismatch of 0.78% (100%/128) for the current in the MSB 
branch. Using (2) with the worst case parameter, and 
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calculating the area for the saturation condition and if = 20, 
resulted, for two series-connected transistors, in an area equal 
to 94.4 µm2. Thus, we have used for all transistors W = 10 µm. 

DAC0 was designed for an accuracy 2 times better than 
that of DAC1; thus we used an area 4 times larger for DAC0, 
resulting in the following transistor geometry: W = 20 µm and 
L = 10 µm. 

VI. MEASUREMENTS 
The dc performance of the DACs was measured from 20 

samples of the same TSMC 0.35 process batch. It was done 
using the Agilent 4156B semiconductor parameter analyzer 
controlled by a PC computer, also responsible for 
programming the DAC data through a custom-made optically 
isolated serial interface.  

DAC characterization was performed for inversion levels 
of 20 and 2000. The input reference current IR was set equal  
to 1.9 times the bias current IB, making the current in the MSB 
branch equal to 0.95 IR, which means that the ladder operates 
near but out from saturation.  

For each input data D, we calculated the error (Err) of the 
measured analog output current relative to an ideal output 
current equal to (D/256)xIR. This procedure was repeated for 
every DAC sample, and finally the standard deviation of these 
errors was determined for every input data. 

Figure 6. Standard deviation of the measured error from 20 samples of 
DAC1, versus input data, for inversion levels of 20 and 2000. Values are 

normalized to 1 LSB. 

Fig. 6 shows the characterization results from 20 samples 
of DAC1. It can be seen that the measured average error is 
near ½ LSB, which agrees with the design. Maximum error 
occurs around one half of full scale, showing the 
predominance of the MSB error over the other bits. The DACs 
were characterized also for IR/IB = 0.5, 1.0, and 1.5, resulting 
in similar errors. 

From Fig. 5 one can observe that the errors for inversion 
levels equal to 20 and 2000 result around 1 decade of 
mismatch difference. So, we could expect the same ratio for 
the DAC accuracy from our measurements, which can be seen 
in Fig. 6. 

Fig. 7 shows the results from the same characterization 
procedure for DAC0. Here we can see that DAC0 is around 2 
times more accurate than DAC1, as designed. Since the curves 

for both inversion levels present similar behavior to the results 
from DAC1, the same conclusions hold. 

Figure 7. Standard deviation of the measured error from 20 samples of 
DAC0, versus input data, for inversion levels of 20 and 2000. Values are 

normalized to 1 LSB. 

VII. CONCLUSIONS 
A design methodology for M-2M DAC ladder was 

proposed. Through this methodology, transistor area (WL) is 
determined, based on our MOSFETs mismatch model, which 
is continuous in all operating regions. Carrier velocity 
saturation has also been taken into account for channel length 
determination. Two DACs were designed for different 
accuracies, and fabricated in TSMC 0.35 technology. 
Experimental measurements were performed in 20 samples of 
each DAC, and statistical results corroborate our 
methodology.  

REFERENCES

[1] K. Bult, and G. Geelen, “An inherently linear and compact MOST-only 
current division technique”, IEEE J. Solid-State Circuits, vol. 27, no. 
12, pp. 1730 - 1735, Dec. 1992. 

[2] C. Hammerschmied, and Qiuting Huang, “Design and implementation 
of an untrimmed MOSFET-only 10-bit A/D converter with -79-dB 
THD”, IEEE J. Solid-State Circuits, vol. 33, no. 8, pp. 1148 - 1157, 
Aug. 1998. 

[3] L. Wang, Y. Fukatsu, and K. Watanabe, “Characterization of current-
mode CMOS R-2R ladder digital-to-analog converters”,  IEEE Trans. 
Instr. and Measurement, vol. 50, no. 6, pp. 1781 - 1786, Dec. 2001. 

[4] M. J. M. Pelgrom, A. C. J. Duinmaijer, and A. P. G. Welbers, 
“Matching properties of MOS transistors”, IEEE J. Solid-State Circuits,
vol. 24, no. 5, pp. 1433-1440, Oct. 1989. 

[5] C. Galup-Montoro, M.C. Schneider, H. Klimach, and A. Arnaud, “A 
compact model of MOSFET mismatch for circuit design”, IEEE J. 
Solid-State Circuits, vol. 40, no. 8, pp. 1649-1657, Aug. 2005.   

[6] A. I. A. Cunha, M. C. Schneider, C. Galup-Montoro, “An MOS 
transistor model for analog circuit design”, IEEE J. Solid-State 
Circuits, vol.33, no.10, pp.1510-1519, Oct.1998. 

[7] C. Sodini, Ping-Keung Ko, and J. Moll, “The effect of high fields on 
MOS device and circuit performance”, IEEE Trans. Electron Devices,
vol. 31, no. 10, pp. 1386 - 1393, Oct 1984. 

[8] Y. P. Tsividis, “Operation and Modeling of the MOS Transistor”,
McGraw Hill, 1999. 

[9] H. Klimach, M.C. Schneider, and C. Galup-Montoro, “A Test Chip for 
Automatic MOSFET Mismatch Characterization”, Proc. Symposium on 
Integrated Circuits and Systems Design, SBCCI 2006, pp. 83-88, 2006. 

2257


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Aharoni-Bold
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Arnprior
    /Batang
    /BatangChe
    /Baveuse
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Berylium
    /Berylium-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /Biondi
    /Biondi-Light
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarbonBlock
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /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
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EarwigFactory
    /EccentricStd
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HeavyHeap
    /HoboStd
    /HurryUp
    /Huxtable
    /Impact
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kartika
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Kredit
    /KristenITC-Regular
    /Latha
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Marlett
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /Neuropol
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PlanetBenson2
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pupcat
    /Raavi
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /StencilStd
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRoman
    /TimesNewRoman-Bold
    /TimesNewRoman-BoldItalic
    /TimesNewRoman-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 1200
  /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

  /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 [612.000 792.000]
>> setpagedevice


