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Abstract

In a delay line type of a time-to-digital converter implemented in Field Programmable Gate Array, the timing accuracy
decreases for a longer carry chain. In this paper, we propose a structure that has a multi-phase clock and a state machine
to check metastability; this would reduce the required length of the carry chain with the same time resolution. To reduce
the errors caused by the time difference in the four delay lines associated with a four—phase clock, the proposed TDC
generates a single input pulse from four phase clocks and uses a single delay line. Moreover, the state machine is
designed to find the phase clock that is used to generate the single input pulse and determine the metastable state without
a synchronizer. With the measurement range of 1 ms, the measured resolution was 22 ps, and the non-linearity was 25
ps.

Keywords : TDC, FPGA, Tapped delay line, Multiphase clock, State machine

" etE 9, Beuleta et

(Department of Radio Science and Engineering, Kwangwoon University)
T A, Fedea Axg st

(Department of Electronics Convergence Engineering, Kwangwoon University)
© Corresponding Author(E-mail: lhs@kw.ac. kr)

% o] EEE 0134E AT@KIIE) AQo FIATATY QL wol FAW A zATAAY,
(NRF- 2013R1A1A2005479)
HrdAk 20149029219, LA 2014906907, 4 ¢4 2014908€01¢¥

(1840)



20144 8& MKt
Journal of The Institute of Electronics

a5k
o
and

I.M E

H Al AR F8E A4 AR-UAE WHEY
(time to digital converter)o] thgt A7} ASIC (appli
cation specific integrated circuit)¥} FPGA 7]9¥to=&
gite] O]-Eroix]j ‘”D}. ASICO] 73, tARl HAE
23 A8k & O} Rk H]
£l HW}T’—,
FPGA®] 7%
A7 o)

o)

] ql

Hol

T
a

= 2o 2
AbgE 3 e
glo] ile] Aeo]7h AojxH
9] zpol 2 <13 A E I (accuracy
7} golAa, L A8l S4ol tid Aol F71el
= wdo] gt A olgdt dallo] #ele] HolE
=ol7] 9l 2 A =9, 4 % ARg-8hE
7h ol A g g 9
A FHE ALgsle=

o A

R

I-['I

R

= ]
=295

o

=

710]E

19y 299 s
QI 2L
HM— B-EJ,] _,4)\1—0

A-UAE WS

3ko] gitel
Al Z o] A
7
Al

-
.

gt

o] vl A 7H-URE W3] o)A
Fak7b 100 MHzol 2 e A91e] it B3
psetal 7pgEd 9o F8 W] 49
10 ns A17H& SAgeloF A 500 7He] el A%

W

3
Information Engineers

(1841)

==X H 51 & ® 8 &

157
Vol. 51, NO. 8, August 2014

sttt 2 914 29 WA 4
T 0HE Y 5‘}‘% 7 9%
StEE 94 T
9 o] 7
&t A 50074 Wr
o] 25 nsolBZ ¢
S/l E 7ot
ARl AE ARRSto] vE A H o] &
Z89 dFst= 20 nse AHE
28 YA = 1000 =2 S8t
A R S 3 A AIY Y] & 10007, 500
N, 250707} %E‘r.
ANEARD &9 Ad AZFE vl do] An2 g
Ao Aol7t dojRH ujMPA, E3] ultra wide bin
Qe AL Aste] gEo] Frpgth 28
F ARl ANt Srkebd thAlE FhRlo] of
o gazx &g FHAA dHo]
oA Aljbet= AIZ-HAE W)= 4
3l st delo] 2kl
ARyl Al state
o] &3t o5 AH WS T wEt 2H o
FEE FEstEEA, 24 125 /e A A AN AF
A O]Q Aol & HASFFo M, H|

?l

9

O =

& 4A A
5 ns9] A|7HS

20072 A
g A ARl
B P s
g AREEE ALY

Q
ar
)

Ak 5‘-34 m-)\]

e

fe > ok
ri e

125

mlo

—3],

=

+

]

A%
ek,
H,

=
=

of

1% (-

I Q
=
C}—}\

N

o rlr

5
o

a
e

(

AU e
o[> 1
r
I
>
)
R

b o
o

il
Ny
ey
Mo
)
o%

w
e

o

=

o
ro
o
1>

o)
off I8

W
o
[\
il
i)
>

rir

o

R

. SIGNAL<®] &
Fo = JHEHE 9
high (D1 A= AHe 9

=
t agRg 3aRE Y

]_
o] SIGNAL
o] Afujz

HN

- 0=

st
7]

.



158

A=
Fig. 1
CLK_0

CLK_90

Field Programmable Gate Array 7|8t Ct=

223 0|5 48 3IYS 01F AT

EEC T
1
FES '
=5 I
1
™ =
A L B
2210 ey
. Py
JH
[N
mepame gl o
I R
= A2
S TE

M otsts AlZ-CIX|E HEHT|

=] | -
E%_I_

Proposed time-to—digital converter block diagram.

CLK_180

CLK_270

SIGNAL

START

2Tcp

STOP

ATS:TOPI

<>
0.25Tge
&>

ATsrop

agl 2.

TDCo| ==t utd

Fig. 2. Operanon waveform of multiphase-TDC.

Ir ofo
et

>~

=

=

)
lo,

Mo [

>,
o

0<ATstop<Ter, 0<ATstart<Tcp

e = ATstart -

a8l
-t A g

|
o
N
do g

am
2y L

M o

X,
=)

o

o,
1o
>
~
tlo

= (N-1) » Ter+(Ter-ATstop)+ ATstart
= N - Tcr - ATstop + ATstart
=N-Tc + e

HaRolAE ol &3 A
7F W

191 ofdls} 2

o] EAY F vk

0<ATstop2<2Tcr, 0<ATstart2<2Tcp
e = ATstart2 — ATstop2 3)

0<ATstopl <0.25Tcr, 0<ATstartl <0.25Tcp
e = ATstart - ATstop
= (ATstart1+0.5TCP)-(ATstopl+0.25Tcp)
= (ATstartl-ATstopl)+(0.5TcP - 0.25Tcp)
= (ATstartl-ATstopl)+0.25Tcp (4)

9 9 FEHS AREske AR-UAE WE] oA
&2 F947) 330 MHzeba &b mheli =4 A7k
ATstart, ATstope] #Hdl =71 3.03 nsolt}, 1 B=2
Aot deol7f 22 DSO] A A QNS A&kl 3.03 nsE
SA87] e & 13849 Al dew o
t} 94, HEe iEﬂ olE HHlE 37l A8 AR
oA g 233 Ae mRlFe A= ATstart, ATstop
A Hol g F= Fr|vkgEe AIHE o SAdof g
t}. = ATstart?, ATstop2E 6.06 nso] % a1, o] AJzt
HAAE S45t7] Aal 2ask Al A= 27670
=g

U FIE AT 4 A FHE AMESE A
-tA Y WET|o A BQ1F-o] 274 AJZF ATstartl, A
Tstopl®] Hdl 271 @ 94 29 oiv] 1/4%= &

B 760 ps7t HH & 35709 AAAE AEs)
o] 248 4 vk T AazrolA il o]F AE
HHS 538 vEl 2HolE HEHE dEIER B =E
ol -HA" ®s)= HFHoR 3B
2 gt webA, gl 9 299
ARV A E o] &g WAl ulal AHelA|Qle] ATt
2767H°M BNE, oF 18 o2 ot

N

}_

Rl o
o>,
1
e
_;
o,
2
il
=
>,
ﬁod
Q
=,
m
)«
&
mTE
o
=
il
(el
it

]_

oft

me wy e

rkaﬁ _IR

i tﬂ—I:]-
=4 94 23 Aloj oA welzEo

]
B2 #9sly] 98 2718 4] 9A 298 A ‘JB‘r



2014 88 XS =ts
Journal of The Institute of Electronics and Information Engineers

2. M8 =
ot e
Signal —VED
Qp— START [—
I 5
:
p Q—STOP_,_
—> .7
% 3 YR 58
Fig. 3. Input block diagram.

a7 3& 9 29 STARTS STOP A52 AAs)
= dgroltt AAaRelM SAA ek up edge
H-Eo] ATstartl®} down edge F-3#9] ATstoplS 274
o IIF-E 3l 72 SAs] fl8iA, START <+

<)}
H

1513 /\g

] up edge Atolel A7k TRQIFO A SA 7T
AFlM ZA4g mAl AIRE Azes 2

o]l N=EA AoluhE 4 FE3 e
OR Alo|Eo] olaff A€t 471¢] &1

=l

glo] ghels
Zt deo] 2l
deo] el NFE A 1=
HER 4709 deo] 2kl ¥ Azt
AUE AstE 9 4 Ak

agan, ARyl E AMEEA 7]
o] #iRle] Holg AARUo|AE ARSI X9
a 122 =Y F ok o]yd FxRe dyo] #
N 4 = o deo] 29l
Aol 9l o] dio)

A Az Aol stk

2o

==X H 51 & ® 8 &

(1843)

159
Vol. 51, NO. 8, August 2014

Virtex62] Mixed-Mode Clock manage-
ment (MMCM)& AR&ste]l F@aksitk. MMCM2 66
MHz &5 949& §i=grtolbs, 330 MHz F3H+E 7}
A 9Q0=H 9 zholu= 47119l &8 CLK.O0,

CLK_90, CLK_180, CLK_270< A/ gt}
dazdolA glo] HEtXEolE HHE &
9fal, AR AIF-tAd W)= wE A
2719 Ao -5 A& F Ao o] AH
S ZYZF setup time THF TE2A &7
ztolu= &8 CLK 45,

a7 83 47 4HEA
CLK_135, CLK_225, CLK 3152 Z3%o|A F7l2 A}
=g

gol

17

]
=

Input
N b |
. H—
=
CLK_0 7|-_C,’_ E.I —
iR
H—
START ! |
| | FINE_CARRY_UP_1
T
1
ako | S 1
— 2 |
1
1
CLK_90 1 s g ] FINE_CLK_UP_1
—:_ : !
ck_180 | s ; :
—:_ i !
al— 1
LK 270 | T |
STOP —_——_m—————
4,— F— — — = ——— — — FINECARRY_UR2
I L]
ako | b !
a !
1 |
CLK_90 I s | ; ! FINE_CLK_UP_2
I r
1 |
axaso 1Y e 1
——T 12 I
1 |
Ql—
CLK_270 | - |
Q
— = _____ !
8 4. Hetste CiEfld 28Hg ALEE 2AR X
Fig. 4. Proposed coarse block diagram with multiphase
clock.
2t molg

Virtex6= 2} configurable logic block (CLB)vit} €
dol RIS FAE + e A& AMAA(carry
chain)& A3k AbAdel] wEwW Virtex6 (grade

-1) swolA AEARle] Dol ARk 80 psolt.



160 Field Programmable Gate Array 7|8t CtE 223t 0|5 At FF g 0[E8 AlZH-CIXE HE| Yed 9

COUT (To Next Slice)

Camy Chaln Block
(CARRY4)

: > DMUX/DO"
06 From LUTD |
ozl
DMUX
05 From LUTD - H —
DX : —DQ
I bl (optiona
Coz : — cMUXCa*
06 From LUTC |
oz!
CMUX
05 From LUTC . i L
[ : —ca
I b loptionay
= i > BMUX/BO"
OB From LUTE |
|
o1
— BMUX
©5 From LUTE | > !
BX I B0
: s (Optionaly
coo } [ AMUX/AQ"
06 From LUTA |
oo | UG4[0 (40208
[ AMUX
©5 From LUTA | > i
AX I —el
— _______J B {Optlonal)
* Can be used
unregisterediragisterad
outputs are fres.

CIN (From Previous Slice)

2 5. Viex6 CLB 2te| FHe|A| el F=(Vitex6 AF2EAM)
Fig. 5. Virtex6 carry chain block diagram in CLB.
lﬁ_&ii o1 iiL QN+2
L_cp_u_T:z)D__' oo
w | LN, 9
! 03 L
—L:if)D | 1. — Qe
e 1 /TN ob 0
! oL !
D
ﬁs +.q
CIN
I
FINE_CARRY_UP
I
FINE_CLK_UP ——

a3 6. HelMelS AREsto] & Eallo] 2tel =
Fig. 6. Delay line block diagram using carry chain.

atuke] A ARl & Felo] 7k 80 pso] & o]Hrt H
S A7) fEiAl AGARINAA EFE = 470
Ne F 205 ARSIt 19 59 A AR
|41 CINellAl COUT 7hA1 €] A7k 80 ps& &
t, CINOlA O1, 02, 03, 04744 ¢] A|zke 7}7]
deba], Zb &9 7k AIZE Abel7h 20 ps(=80 ps/4) =
FAEA Gk AlEHolA Adfe] wEW 00 A
0271A19] ddlo]& 35 ps, 02014 Q07412 d o]

e 710
M

2

(¢

Lo

0 oo o
{f _1}m

43 psol™ OlelA 037471 Dol 40 ps, 03¢l
O174A1¢] delo]7} 38 pso|th watA], 4719 &8 =
A7 0]l £ Fdd 013 035 AHgste] 1 63

2ol 40 ps Ral5S 2 Qelo] gelg T,

ot M o{&
Ao FARo|M AbgEE 4709 FY F oW
e e Feol oy AP 2 QEow

1
#4159 up edge’t EFA Aol
AACdA 47) 917 28 e B

Ao el A HEL~EH oS FAZE TS W &
Input L __ |
J—L clko 1 s Q1

I L 7| !
ckoo ! : Q2
J | . ° !
clkiso ! ' Q3
1 .; 1
1 CLk270 ': | Q4
N
oo 1
CLK 45 |“"“" T1
! I.§ !
cLk13s ! — 12
S v i
clkas | 1 T3
1 .,T 1
1 CLK315 - ',\ : T4
|___'_‘____I
a2 7. MR 28
Fig. 7. State machine block diagram.
0= aHiEaE B
CLOCK e
I I 11 I
Lo IR IR AE ‘
CLOCK LR
180 L
CLOCK | SN R S
o 'AJ Bl'CJ o
1 23 4 ABCD
a8 8 HMoF EZ|A AM zE OF
Fig. 8. State machine trigger point figure.



2014 88 XS =ts
Information Engineers

Journal of The Institute of Electronics and

2 AHE 9)S F glth B =RdAe o] & 4s)
7] A&l 93-S B vE FEH s FrE ARG
o} 4559] 9 Aol AR EHERY setup time
of sjFstez 271 47)9] FE el A wEtEjo]Eo] W
Aetds o el EolE AHE Blojd AN &
2 JEE 3EE ¢ Qdrh

PS50 up edge AlHNAM Ao 28 gs ¢
oW o QS Ze FEo] IRIFA ALEHE
A itk & 5ol 27 83 o], 1H AlFelA
YA 5] up edge7t T 7HEHA} o] A5 0
%= 299 up edge’t 1 A3} 74 7hkoldl] qlom
2 19 AJFHAMEE 0= F29 up edgeZtA 9] Azt
ol gIF7F Hrk 1 A 85 0%olAFH of
=2 go] g7k 0011 gtel =iz, o] #s 0% &9

o] FIFZ ARgo] HATA Ao Zlojrt. w7
2 2W Aol 228 9o 10010] HaL, 3 AlFe
1100, 49 A]5-2 0110°] .

&2 HEfngolEe] BAsE A5 s Al
A Aol A Al5e] up edge 7F 2 A5 A ARl
A 7H 7Pk 299 up edgets oA o E 0= F9
ojth, 1Ak F 3} 42 edge 7+ AT THF o] Y F
Zropr] wgl~Elo] o] WA FEo] =t}

utebA, WEl~ElolE el E S| e 71E 4
N 93§l HEH 9ol AeluE AY B, C),
D' Aol A
C,D thn|
ojmE A Az}

A AsE Y

7

=
=

1% 99k o] Ajke AlZ-tAE WEY]E Xilink
Are] Virtex6 evaluation board(grade -1)olA] &3}
i, o dEE 81110A < TS Aol 94F
225 50 usH-E 1000 us7H4] 50 us® F7HAI7IHA
Sttt Y Y B2z tis) 8034
stlom Az-txd ®igr)e &9 A3 ISE
tool®] chipscopeE A3l =45kt

)
2

7

==X H 51 # X 8 5
Vol. 51, NO. 8, August 2014

161

(1845)

Vitex6 2E 2 of A2 E
A picture of Virtex6 board
generator.

=
Fig.

10. ZH2Ix 22| Place and Routing
10. A Place and Routing of carry chain.

a9 109 112 viwd She"oE AAg A
7 24 242l9] Place and Route 18-S HoFr)h 1
102 Do) SRIGH A I FHEF
ole] dyol& Haslety| Sl A<
¥ XOR Al°|EE 74 CLBYY
TZ5 YEdTh

=
a9

T

s, dH S471, dkle



162 Field Programmable Gate Array 7|8t CtE 223 0|5 At FFg 0[28 AZH-CIXE HE| Yed 9

az 1. 229 2 2}ele| Place and Routing
Fig. 11. A Place and Routing of global clock line.

=3
Al ZHus)
1200

: -
@ o /

——7lz=Alzt ==z

0 -uf oras
S e RRERG88058BREBERE ta
=5
- =R
AlZHns)

1.5

1

05

0 -

05 -

-1

-1.5

Jg 120 2A B =

Fig. 12. Coarse measurement graph.

= 9 A #Alola 12(h) e 7 FH A
o] Ay oakE yepdit) o] A= SJEAINY &
2 7)o Aapujebe] Afol= mQIFol| A ZA o &}
= A7He £83) Best straight fit #2412 4839
ZA4E FA 2AE= 61 ns, AP 1.25 ns, U
EFHAE= 15 nsSth

el 2.8 nsHE 3.7 ns7HA 50
A=A ZAE AeS
T A0S s AARDA

o} ojd] 29-H dyol=

0]
H

5

n

1o

>

N

N

©

[u—

e

=

ic)

_—)&l

o

=2

& oo =
[ ol b

dylo] xfol=
22 psith 1Y
ARgsto] 57
F 42 ps, H]AE
5ol 38 psellAl
ol g 11 Aol

&
ui
>
o
L)
;‘
o, %
X
A
__>:I_"1
(HANE
—
o
u

)3

A=A 367

o Ay
ox
iin)
&
rlr

= N

= N

o My N o

Qg

e 9F 88 psA
22 psE Fopxl
A 19 M= Z71et

AL
=
R
dlo
(ol
X
3

LAY
__>i’.‘

2 [H
e
ko
o
Y

=%
AlzHns) sz S EEA T
S00

800
700 /
600 /

500 /

400 /!:;;,ﬁf’-

300 /

ol
=

i)

100 ‘ 150 I 200 I 250 ‘ 300 I SSDI 400 I450 ‘ SE}DI SSDI 600 I 650 ‘ 700I 750 ‘ 800 I 850 A|ZHns)
a3 13 el &Y Jef=
Fig. 13. Carry chain measurment graph.

Al best straight fit&

R vjl
A eAk= 20 psSith

’

(1846)



20144 83 HAS 3

Journal of The Institute of Electronics and |

!
G
4
(=)

ooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmm

a3
Fig.

14, AR 3 ZMet Golf I =Y gz

14. Fine with coarse measurement graph.

—Wonaz

AN e
NSV AVASVA"A

40

20

EFEA & A AlZE O2f=

Fine standard deviation and time error graph.

700 ps AR olA SAHE AE 7] AIRE Abel 9] @
A7b A os F ole ) FEE 94 ele}
ZA7F Atk 700 ps A7 E up edgest down edge?)
2 o] FE AP 2Z2AR 700 psE o]F =
89 o] M7t 202 F7Vebr] Al AEksit) ol
up edgeoll A2l 47 &8 AA 3, down edgeol A
28 Ade 29" ddoldl Aol7t gla
29 Atelo] o] ztol7t ¢F 20-30 ps

= =

s wFoz FAE

N

v

J

TC

43+ 23

7 23

== T (< o [ o (.Y

(U
e

(1847)

(2]

[7]

[8]

==X H 51 & ® 8 & 163
nformation Engineers  Vol. 51, NO. 8, August 2014
OR A°lEE Tl 4 91 29 & =9Alzst 71
7Pk 283 48 Az eke] AIZE A& shue] 2
o] gkl AREstel FAgT webA 29 W 2ol
ekl s AREeh dubA Rl v A el Ha) 2
o] 2}l I+ BA Apol& Q3 e AE FAAAA T 9l
FPGA W 242 AHSE 29 & Stk 28, 42
ZuolAE talste] o]F dH SAS Fall viekH
ole& WHsy] wWtel, JARYIAE A T
o vl o] 219 Aol 123 FY F U]
A, Deflo] B 3+ AAARZE Zpol = AZE QAFE FHAA]
AR

T A A A-UAE M@v)e] el of
22 psolaL, =Y 4 ARkl vigk Hd FEHAE 90

ps, best straight fit 7] B|AEAS 25 psith

REFERENCES

B. K Swann and K. M. Baldwin, “A 100-ps
time-resolution CMOS time-to—digital converter
for positron emission tomography imaging
applications,” IEEE J. Solid-State Circuits, vol.
39, no. 11, pp. 1839-1852, Nov. 2004.
P. Palojarvi and J. Kostamovaara, “Integrated
time—-of flight laser radar,” IEEE Trans. Instrum.
Meas., vol. 46, no. 4, pp. 996— 999, Aug. 1997.
R. Szplet and R. Szymanowski, “Field-
programmable-gate-array-based  time-to—digital
converter with 200-ps resolution,” IEEE Trans.
Instrum. Meas., vol. 46, pp. 51-55, Feb. 1999.
J. Wu, “An FPGA Wave Union TDC for
time-of-flight applications,” IEEE Nucl. Sci.
Symp. Conf. Rec., pp. 299-304, Oct. 2009.
J. Wang and Q. An, “A fully fledged TDC
implemented in field-programmable gate arrays,”
IEEE Trans. Nucl. Sci., vol. 57, no. 2, pp. 446~
450, Apr. 2010.
A. Mantyniemi and ]. Kostamovaara, “A high
resolution digital CMOS time to digital converter
based on nested delay locked loops,” IEEE Int.
Symp. Circuits Syst., pp. 537-540, May. 1999.
C. Hwang and H. Tsao, “A high—precision
time-  to-digital converter using a two-level
conversion scheme,” IEEE Nucl. Sci. Symp.
Conf. Rec., pp. 174-176, Oct. 2003.

R. Szymanowski and J. Kalisz, “Field
programm able gate array time counter with



164 Field Programmable Gate Array 7|8t CtE 223t 0|5 At FF g 0[E8 AlZH-CIXE HE| YA

[l

two stage interpolation,” Rev. Sci. Instrum., vol.
78, no. 4, pp. 045104-045104-5, Apr. 2005.

[9] Z Yin and Q. An, “A high-resolution time—to-
digital converter based on multi-phase clock
implement in field-programmable-gate-array,”
in Proc. of IEEE Conf. on Real Time, pp. 1-4,
Jun. 2012.

[10] A. Aloisio and S. Loffredo, “High—precision
time-to-digital converter in a FPGA device,”
IEEE Nucl. Sci. Symp. Conf. Rec., pp. 290-294.
Oct. 2009.

[11]M. Kim and S. Kim, “A low-cost and
low-power time-to—digital converter using
triple-slope time stretching,” IEEE Trans.
Circuits Syst. II, vol.58 no. 3, pp. 169-173,
Mar. 2011.

N KA 7
g o HE) o o &(E3)
2012 Fe-ohehal vy ot 1996 A&t o1
sl £4] A7) F e AF E4.
2014 Fdistul vk ok} 1998 A 2o skl
AL £41.

717 37 E g e
AL E4.
20043 A2 o skl 47141 57 E

TR w41,

S
<FHAEC: duid= A" A
A, AsaF wd AA>

(1848)




<<
  /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


