18 50MHz 2E 257 HZH Y4AS AHEe 10 bit DAC A4

oz
A

== 2012-49SD-6-3

SOMHz 2% &=A tay Was AREEE 10 bit DAC A7)
( Design and Implement of 50MHz 10 bits DAC based on double step
Thermometer Code )

—= =% k%
CIE S M I

( Jun-Hee Jung and Young-Sik Kim)

FO

ok
=

2 =ZoAE 018-um CMOS ¥4 Az A TEHZ &4l ]oﬂ Ag 7bse 50MHz/s A 109 E DA

A3E AT AZE DACE é‘*x* AamE = J= g2 20w 25 tagE o)4d AF 1% v 19_;
EE A9 6HES) 319 M ER ol FEEh A9 6 WES 25A tans HEY 3 dadel 3uES 4 o
e g S dFHor st A9 AR A4S ]OﬁP‘ﬁL a9 AMER 2=A v o 9] dFds
ot AT A9k o9 &9l AR Ae A 275 vbrE gl vlojolx B R &9 Bel AR A7I7F A4S
el ARe] 2le) va) 1160] HIEE vholol2 HzE Atk aelm A9s 59l A LRA Uy A& E
715 98 948 As 9 vad g s 2R 5713 GAE AEdte] Skews HAsPeES AASAY 443 DACE
S0MHzEHlA Aol 5971 2.2Vpp°] a1, o] =AM DCHYL 33 VoA DCHF 43mAE 2EsTh 17
DACe] 4374 542 o SFDRo| 62.02 dB, o] DNL2 0.37 LSB, #tf INL< 067 LSBZ 4=t

AN
%

N
ox
\-_1

,_.
=)
=)

—',J

[ ol

1—4r

Abstract

This paper reports the test results of a 50MHz/s 10 bits DAC developed with 0.18um CMOS process for the wireless
sensor network application. The 10bits DAC, not likely a typical segmented type, has been designed as a current driving
type with double step thermometer decoding architecture in which 10bits are divided into 6bits of MSB and 4bits of LSB.
MSB 6bits are converted into 3 bits row thermal codes and 3 bits column thermal codes to control high current cells, and
LSB 4 bits are also converted into thermal codes to control the lower current cells. The high and the lower current cells
use the same cell size while a bias circuit has been designed to make the amount of lower unit current become 1/16 of
high unit current. All thermal codes are synchronized with output latches to prevent glitches on the output signals. The
test results show that the DAC consumes 4.3mA DC current with 3.3V DC supply for 2.2Vpp output at 50MHz clock. The
linearity characteristics of DAC are the maximum SFDR of 62.02dB, maximum DNL of 0.37 LSB, and maximum INL of
0.67 LSB.

Keywords : DAC, Current cell, Thermometer-decoder, INL, DNL, SFDR.

s

% AT IDECOHEA 75 &A1) o] MPW 2= . . =
3 Ao ola) A8 Chipell & =27k S7ketaL glom, 538 4 AlA
1

g EFb] mE Ay A%

% E 2]

A 2 ok A A ] -

Pl 93 97 ge FUE H29 Fadel oln A UAY
T =

7(

ol
1o

Fase, T s d-wAA A,
F 3}

ot

=

£
o,

o AREA

ol

(Department  of Information on Technology, H wkeA] 7lse] wAy A A A" &

1
rx
offt
r
>
[ r
@,
wn

Handong Global University) W o7} Z=7)au A

=

w

B oATE w%ARe &R dRATARE

9 YEAD S8olM=

b 201191249229, A5 4:2012496€5¢

oC(System On

7



2012 68 HAtseE =2X M 49 # SD H K 6 =

19

Journal of The Institute of Electronics Engineers of Korea Vol. 49—-SD, NO. 6, June 2012

WML ALgeta Qe Ao FA EARCA
DAC(Digital to Analog Converter)= HAEAEE o}
G271 A5 Wdes B9 22 14 57
‘V’}' Z{ﬁé’ﬂ E‘g lr'f‘\% ﬁ%"é“ﬂ' _—ﬂ_ﬁﬁ/\o]—_l}‘_7]- .9.?‘51_—]_7_ 9}]\
Elr[1~2]

DACoA &75HE 8 EAormE= 23 FY &%
S Aelan, A4 WA el ¥4 AES INL

DNL(Differential ~ Non-
Linearity), SFDR(Spurious Free Dynamic Range),
SNDR(Signal to Noise and Distortion Ratio)® o7l
o A7 FsHAe DACE =2 29 £E9 A4 F
st As T e ¢
1 olgja ol g2 ¥l &
ofo| Al DACx= 2 dAF 7% WS o] &3
o e A P gae) DACE K
of wet A7 Aol 7t VtarAoR
7b S7vekar, A Anet
Aol S
s MAdskr] 1%
o WA STkl
Ast7] 91} DAC

(Integral Non-Linearity),

A

R

ag}\

T
o

fo o
ofN X ol
)
B1omol i fr £

J
=13
=]

w1

o
ofN

ol
——

N 2o
Tomlm Gl
ot
r._unm

iy o rir M Mg b
2
2
Qﬂ
rl

te o

B

II. 2 254 0 2ZH DAC X & €4
1. &EE, AHA X
17 12 AQE 108 E DACY] F-%2&5 BoFal 9l
o dREQl wd ZEjolA] &9 AR FRE AN
s &xA) s DACS 444l 10 bite] SHAm=E

B6 B5 B4 B3
[ : Latclhes | Lalclhes |
| Column Decoder | | o1 |
[JIJJ[[we [
\ Latches | [Latches |
ves T I LJIIJ]]
2 g 2
= - -
@ g? 63 Tyse Cells H— @
@ a i il ]
=1 @ o
||
VDD
QJ R Bjim
a8 1. 2¢t 25A 24lel 10 H|E DAC 28
Fig. 1. Block diagram for double step thermal codes
10bits DAC.
[y
= -
o e N
- rs Y
= s \\
_8 F! o. \
1 L] 1
|| | L f
9 \ _“\ ;
\\ N /’&
T MSB 64
‘7, LSB16 Steps
.r\\d Steps
Input Bits
a3 2. 2t 2EAH 29| MSB step / LSB step 2HA|
Fig. 2. Relationship between MSB step and LSB step.

74A7] 8 1023709 v AF
AN B =Ro A AotEE FRE A9 AFA 63719
ate] A7 1570E ol&al ¥tk webA
golx] 2= tj=y 3 Hl&) 4

=
=4

ot >

29 5 97l Hol 44
L ohet A e Aol AR

PN
4 g U

iy
oflt



20 50MHz 2% 27 O30 wAlS

o] DACY %9 Dynamic RangeZ ZA43}A )
Lysp=2" ¢« Igy (N: Nmberof LSB) (1)

Iop = Iysp * (27 « b9+28 o bg+ - +2% . by)
+ L e (28 o byt +20 « by)

(2)

Vour= lovr* Ry 3)

21 (3o m=H Ry ghol 28] AAE A~ AF

Z 7N 1% FE3 Dynamic RangeE 7HA =2 A A
5

%S ¢ 4 Ak 2 A W Re) ke
ARl BAE A H AL nlznl
[ ° R2 . N2
INL= UNIT L (4)
4. Zimp

]U]V]T 1 LSB current, N : %‘?4 ﬁ‘TET%_ 5 7HZ[:

R, : B8A%, Z,,, 1 299

O
E

wgh AA Z7)o &9 ARE AASAY RS A
& agdFE Hol &

gt w) S Alo]9] tradeoff T
R=

4
Q
a0

WSS

J% 3. DAC HAZE chel MF A
Fig. 3. Cascode Unit current cell for DAC.

ox
M
1ob
i)

ALZ8H 10 bit DAC A4

Sw /SW

4. oo MFRA Mo 3=
Fig. 4. Unit Current Cell Control Logic.

215 AHgste] HA o HEE VA EE AT
Z} 9 AFYLS Row/Column %E | FHE &3

AL = AojAsE EOH AXNAY AR 18 4=

(

r

Row/Column A&7} 7} A{-9& Aojste =e3=2E
HolFE,

Row 2= vz 9} Column 2=%=4 tzH 7 A
e 2xA mzo] w2 59 e =gE de]
ATAE Aol A2 o 5 9

SW=R;(R;,,+ C)

= RR, + RC ®)
= Byt RC,

2% 39 Vgl Vg2 @9 d7de 7+ dFs
Agstel T Hholoja Hgtelt}. of= miolojs A
S2E olgsto] sk 1" 5= & AAAA A
&3 olojx At A4 32E nojFrh

w AAlE eulES] e AR s 4WES] &9 A
7 A e Fxol] wiEd 711 Al vl=
1:1/169] W& 7FIE. o2t 7] °]
W7l SsiM aAke] A7E 24t
28 olgdte] $UT Aol B2 R F =
dah= s AR 19 59 vgldt v 9 6
H|EZ} Alofsli= MSB ©9] A Al <17} 5= nle]
o]z Hrolal vg3dt vgdis o9l 4WIETL Alefst=

-

_%

VDD

Ij Lt M3 b
vgl ﬂ E Uek]
M2 M4
V2 - — vgd

|ref<> C)Ilef /16

V55
a7 5 Ehe dFAel diolojA Mok MAT| 32
Fig. 5. The Bias Voltage Reference Generator for the

Unit Current Cells.



20124 68 X335 ==X M 49 A SDH A 6 = 21
Journal of The Institute of Electronics Engineers of Korea Vol. 49-SD, NO. 6, June 2012

LSB &9 A7 o] upojojx HSto|tth

a8y PVT(Process, Voltage and Temperature) ¥
stE gk Aelek shel AR HF wzwjA|rp 2
Aete A5 A7 BAs AP Astel H<lo
et
2 AA Y] HAEd A= Hloloj A7) 7]
& HZE 3|2 &7 uAstA xdste] &
Faste] mamjF o s dojuh= Q{FE EXTE E
7t AFAES] 29A Alo] ANEE 1He] Skew Al
3| HE9} Row/Column =%

L% Latchs &3f S17bshar

100 10
Lo~ 20000us J[10

a2 7. Ramp A& HAE CLK@4MHz
7. Ramp signal test clk@4MHz.

4718 DACE 0.18um 1P6M CMOS E4o.2 A%t /,M/J
etk E£4olA 10 HE DAC Ux¥ ¥
Spartan3E FPGA HE=% Fate] d17kstch DAC &
2 342 TektronixAFe] MSO4034 QA &~} F
o4 Y #91S $381A TektronixAHe] TDS3052B &
Aazraxs olgstelrh 34 98 PCB REE A
A1 3 19 6 HES BHES HoFT)
|4 FPGAZ 10H]E 7} W'

!
N AR PP

W

s )i
B BES BE] Zoaa | [20.0ps 50.0MS/s’ @ 7 soomv
Do EAEme g 10k ZolE
sg6mv 9 11.2
.66V 1.6 1.66 1.69 6.77
4 m m 537

m
1 77m 2a4¢ 2012
@222 d00my 3.7m 14:53:09

=
>
NN
o
[\
<
a3
f
=
1o,
—
(e}
=
{m
21
[
il

SRR

I3 8 EXM ™ Ramp AME =,
Fig. 8. Ramp signal without calibration.

Tek & E2)A4%

= 'wz EE] gée;}w[zn s’ Jm} [W]
dSomv__ 4izm  dbom  ssom  ssm
a3 6. HAEEZ PCB a3 9. EXH T Ramp AME =i,
Fig. 6. A PCB Layout for test DAC. Fig. 9. Ramp signal with calibration.



22 50MHz 2t 2=A Cj2H LAS ALE8 10 bit DAC &4 dz3l ¢
INL & DNL without calibration SFDR (dB)
20 20 65
60 T
o
55 e
—INL 56 “\‘ ---SFDR
—DNL
45
40
0.625 1.25 2.5 5 10 25 (MHz)
(@
a8 10, 23 ™ INLUDNL S4.
Fig. 10. INL and DNL characteristic without calibration. Edit Math
Set FFT
INL & DNL with calibration SOL"'I‘“" o
Set FFT
ert Scale to
dBV RMS
SFDR - 48.8 dB Set FFT
Window to
—INL Hamming
=—DNL
M20.0us A Chl £ 460mv
W10.00%
I)Ltp\f;l ;\lr'fm FFT
J8 11, 23 = INUDNL §4. o)
Fig. 11. INL and DNL characteristic with calibration.
a8 12, (a) FoY SFDR §4.
S vlolojA~ TRA g5 W] fF BA A (b) LO|F|AE Fuls (25I\/IHZ)01|H SFDR &4
w74 Fo| olg P Aske 17 83 27 99} @ CFA 200 dBjav, 58 : 25MHzldy)
Fig. 12. (a) SFDR characteristic vs frequency
} = A =) = A = = 5
ok g At ehe AR Ve AR Al (b) SFDR charicteristic at Nyquist frequency
of mek A9k sy AAE #7vhe 2EA) (25MH2)
A S FR1E & Arh N wpoloj 2~ BA & E 1. DACel £XZz Qo
o wWa MM g ATE =A3L7] 95 INLY Table 1. Summary of the designed DAC.
DNL 54< FZ8ah 19 109 19 11 717 Parameter Result
HARN, w4 $9 dng HeFa vk 24 A DC power / Current 33 V / 438mA
INL/DNL # o] 1629 LSB / 17.02 LSBe A, 24 & Resolution 10 bits
INL #d 067 LSB, DNL o} 037 LSB7} A5 Sampling Clock < 50MHz
= AL sk £ 9t Output Dynamic Range | 2.2 Vpp
- INL / DNL < 0.67 LSB / < 0.37 LSB
Ay gAEES o =g 34
- “J}Al A1 ?Sﬂm °l DAC E:o :; I SFDR < 62.02 dB
=4 i =2e} = Ex] o
7 Fuked Adsks 9¥stel SFDR SA= Sl Active Die Area 0.572 mf  (1.1mm x 0.52mm)
*ek 2 An g 129 #Zo] Hof SFDR 62.02
dBez AL, Hel7|AE F3k(25MHz) ol A 019 A WAL 0572mm’ o2 217 13914 oo}
488 dB& ZA =t % EEs HolErh AAlE DACE HluA A€
E 19 AZE DAC 337408 Aelstark 44 ® 54 BT, 50MHz 33V A9llA 43mAe]
DACS] 918 % %2 4% 10 =e] WAS A9d  DCHFE 2¥shs Aow ZRHAL ¥ 20 ¥



20124 68 X335 ==X M 49 A SDH A 6 = 23
Journal of The Institute of Electronics Engineers of Korea Vol. 49—-SD, NO. 6, June 2012

2 Azeta =4 A34E A s Aztd e A
2 0572mm’e] 3. A A¥ DACE 50MHz, VDD=3.3V¢]
AhA 43 mA DCAFE Avgth HoEdL 22
Vppel® INLo| 067 LSB, DNL¢] 0.37% =49,
50MHz M&% F3rollA] Hd SFDR2 62.02dB=Z =
BEAL, Yol7|2E FigoAe] AHn ¥

488dBE =7 ¥ Ut

a3 13, MAEt DAC Layout Result
Fig. 13. Layout Result of the DAC. A 123
¥ 2 7| ¢EE =231e| H|w,
Table 2. Comparison among the previous results. 1] AV
.Van den Bosch, Marc A. F. Borrenmans,
ESRa| =R (8] [9] (5] Michel S J. Steyaert, and Willy Sansen, “A
A& 10 10 10 10 10-bits 1Gsamples/s Nyquist Current-Steering
[Bit] CMOS D/A Converter,” IEEE J. Solid-State
HIEE = 950 - %0 Circuit, vol. 36, no. 3, pp. 315-324, Mar. 2001.
[MHz] [2] Jose Bastons, Augusto M. Marques, Michel S. J.
AEHAR 1419 o 170 48 Steyaert, and Willy Sansen, “A 12 bits Intrinsic
[mW] ’ Accuracy High Speed CMOS DAC,” IEEE J.
INL/DNL +0.67 / 0.1 / 06/ | 038/ Solid-State Circuits, vol. 33, pp. 1959-1969, Dec.
[LSB] +0.37 01 | 024 | 032 1998.
62.02 62.3 B8] ez, Axs, HIH olsF, ANIHE FE
SFDR 65 | (ms | o1 | 04 A 71 7)9ke] 10M1E 100MS/s 0.13um CMOS
[dB] wi | v | VHP | (UMEZ) D/A W87 AA” AAgsts =2A, A478 SD
RE] H, 62-68%, 2010 4.
V] 33 18 5 18 [4] Samiran Halder, Swapna Banerjee, Arindrajit
0.18m | 018um | 0.18um | 0.18um Ghosh, Ravi sankar Prasad, Anirban Chatterjee,
Technology CMOS CMOS | CMOS CMOS Sanjoy Kumar Dey, “A 10-bit 80-MSPS 25-V
2765-mW  0.185-mm’ Segmented  Current
w=R3 AL T AR5 DACY FL ASS Steering CMOS DAC”, Proc. 18'th Internatinal

Conference on VLSI, 2005.
[6] 34H, AF=, wheq &34, ‘=93 #&s 7
A7IHE o] 83k 108 E 80MHz CMOS D/A #3t
Iv. 8 B 7] A AR =14 478 SDH, 35-42%,
20101 5€.
[6] Ji Hyun Kim and Kwang Sub Yoon, “An 8-hit

B oepd At WA A4R 9 4848 A4
} ) e CMOS 3.3-V-65-MHz Digital-to-Analog
st Ssl, 2d 2l S el we Afads T Converter with a Symmetric Two—-Stage Current
A5 10 bit DACT2& AlFstaith. #A¢tE DACE 6 Cell Matrix Architecture”, IEEE Circuits and
HEQ A9 257 F=9f 4HEQ 3¢ &2 A& Systems  II'Analog  and  Digital ~ Signal
2 ARG on, ARAL PMOS FlATE T2 A - Processing, vol.45, pp.1605-1609. 1998.
‘ . B - 7] P. Aliparast, Z. D. Koozehkanai, ]. Sobhi.
At NMOS 2942 7aste] &9 dad~g & “Design of a 10-bit LOWJ Power
ola F& 2 £EE FHAsg) 9y +RA A4 Current-Steering  Digital-to-Analog ~ Converter
S B3 2Rz A A o] AEA o A Based on a 4-D Thermometer Decoding Matrix”,
Anstelgla, 3 29E HPEE sk 99 IEEE MIXDES, p243-246, 2010.
o] ©57 FEE Rowe Columno.@ Ea]ake] #ojo} [8] Jurgen Deveu.gele, Mchlel Steyaert, “A 10b
) 250MS/s binary-weighted current—steering
= Adstsith. A" DACE 018um CMOSE7.2. DAC”, IEEE International solid-state circuit



24 50MHz 2E 257 HZH Y4AS AHEe 10 bit DAC A4

ox
M
Jok
o

conference session20, pp.362-363, 2004.

9] T. Wu, C. Jih, J. Chen, and C. Wu, “A low
glitch 10-bit 75-MHz CMOS Video D/A
converter’, IEEE J  Solid-State Circuits,
pp.68-72, Jan. 1995.

[10] C. H. Lin and K. Bult, “A 10bit 500MSample/s
CMOS DAC in 06 mm”, IEEE J. Solid-State
Circuits, vol. 33, pp.1948-1958, Dec. 1998.

S IR

H F 5ty 9)
20113 sks st Ak =p

20113 ~&A A SHEohsta HH B Z a5
A Rt P S T8ty Ma &4
2| 1999 ¥ Tt & )
T8y} whal £,
oF : RFID/USN, VLSI 474, PLL % 19994 ~ A A ks st dAbd 2} ek g aae
Fo fH447] A, RF/obd= ICEA > <FHAEOF A HIES A ML, RFID A &
418 RF/Analog ICAA, X548 2d A

A>




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects 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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


