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ENERGY HARVESTING TO GO
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Energy Harvesting

E ™ Energy Storage
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= Environment energy captured and converted into
electricity for small autonomous devices making them
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What is Energy Harvesting “WE—-

WURTH ELEKTRONIK

The process by which energy is derived from external sources, captured and stored
for use in electronic systems

Energy harvesting is the process by which ambient energy is captured and converted
into electricity for small autonomous devices, such as satellites, laptops and nodes in
sensor networks making them self-sufficient.

: | 93
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Peltier Cell SR, Enoroy Storage
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Where is it useful? ==

WURTH ELEKTRONIK

=  Where line power is unavailable or costly
= Where batteries are costly or difficult to replace
=  Where energy is needed only when ambient energy is present

Asset

Plant Automation
Tracking/Monitoring S ————

Building
Security, Lighting
&

Climate Control

Source: LTC - Sam Nork — Energy Harvesting Presentation
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more than you expect .
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wmm-l ELEKTRONIK

Typical applications

Energy, Gas, | Home and | Alarm and | Health Smart

Water and | Building | Security | and Accessories

Smart Meters | Automation | Fitness
I I I | |
| | " 1 €) 9 |
I I ' I | |
I I | | |E€E |
| | | o | Tm |
| | | I | |
| | . | ‘ 2 | Portable Medical | g |
| | LightControl | e I"\"_JJJ | | Q |
| | oz | I?:J: lar Alarms | | |
| | - | Bure | | |
| | | : | | |
| - | | — | |
| Gas Meters | Climate Control | I | | = _ |
: l‘jﬁill | Q1) |_I | - I | Ultra low power :

- - | | | I add-ons and
L Smart Meters | Remote Control | Motion Sensors | Remote Diagnosticsl dongles |
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Where to find ,,free energy*

WURTH ELEKTRONIK

= Typical energy harvester output power = Typical energy harvester voltages

- RF: 0.1uW/cm? - RF:

0.01mV

- Vibration: TmW/cm? - Vibration: 01~04V
- Thermal: 10mW/cm? - Thermal: 002~10V
- Photovoltaic: 100mW/cm? - Photovoltaic: 0.5~ 0.7 V typ/cell

Energy scavenging
becomes more
capable

Rotary E-lectromagm:l i
Photovoltaic, Thermoelectric 100m aptop
Vibration: c\ 1omW lectroluminescent Display

Piezoelectric or Electr ti )

162(;::;; ric 01. fac loliz:gne 1 W PALM. MP3. Bluetooth™ Transceiver
ransmission

Miniature Photovoltaic,\ 100pW

. . Miniature FM Receiver, Advanced
Linear Electrodynamics 10pW ’
N

WSN, Active RFID

1pW Hearing Aid
100nWV Passive RFID Tag Elect i devi
10 n Electronic Watch or Calculator ectromce devices
_ become less power
32 kHz Quart Oscillator

hungry

Idle

ource: Intel — Kamal Shah - Energy Harvesting Presentation
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Linear Technology - Applications

Wireless Remote Sensor Application Powered

from a Peltier Cell

nF
: I— o1 vsToRe P
= 4 [ o
THERMOELECTRIC ! 1TC3108 :
GENERATOR 220 330pF /-'T-\ 6.3V
|_ I
20mV TO 500mV = i e i3
—sw  vLDO
-Lz.z F
== HF ISENSORS y
33V =
vs2 Vi
74488540070 [ our ﬂ—m ¢ | RrLnK
- ="
VSt Voura_en =
VAUX GND 3108 TAO1a
W=
"
Peltier-Powered Energy Harvester for
Remote Sensor Applications
COOPER BUSSMAN PB-5ROH104-R
1nF 5V OR KR-5R5H104-R
1 VSTORE T Corone
S ° =i
THERMOELECTRIC = 63V,
GENERATOR Cin 330pF Vourz T2, 1
PGOOD —{SENSORS
173108
AT=1°CTO20°C = VLDO 2.2V uP i
2.24F XMTR
v 33V = }
out
e
74488540070 e T
= Vst Vourz_en =
VAUX GND ore[on]_
*Cour VALUE DEPENDENT ON JT-
THE MAGNITUDE AND DURATION —_L—WF
OF THE LOAD PULSE =

3108 702

WURTH ELEKTRONIK

Energy Harvesting Operates from Small Differentials

of Either Polarity

TEG
(THERMOELECTRIC GENERATOR),

74488540070

B0MVTO500MY qgp I
- |— 1A Voura [— OPTIONAL SWITCHED OUTPUT FOR SENSORS
470pF
33v
s 15 |— C2A Vour ny 1
— dsm  woo[2e A704F
—— o
Vina —ll = LOW POWER j7
1763109 = HADIG
ciB
- SENSOR(S)
|— 28 PGOOD
SWB' Vourz_en
Ving 525V
VAUX — V81 VSTORE
J__— Vs2 VAUX 11 ; +
= GND - H G:CSTDRE
- = 31037A0Ta

|||—

Energy Harvesting Operates from Small Temperature Differentials of Either Polarity

(THERMOELECTRIC GENERATOF) 1

+30mV T0 £500mV

1nF

74488540070

1:100
S |— C1A  Vour2 [— OPTIONAL SWITCHED OUTPUT FOR SENSORS
|§j 470pF
3.3V
|— C2A Vour 1
= zv — I
SWA  VLDO e
P Vil oo = LOW POWER
T2 1nF \Tes1 = RADIO
100 l— ) 3109 =
g SENSOR(S)
470pF WP |«
I-— €28 PGOOD
= SWB Vourz_en
Vin 5.25V
V1 VSTORE
Vs2  VAUX +
GND TF 7~ Csore
L = s09Th2
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Linear Technology - Applications o

WURTH ELEKTRONIK

Li-lon Battery Charger and LDO Powered Li-lon Battery Charger and LDO Operates from a Low Level AC Input
by a Solar Cell
T 0.014F SomyTo g -
v |— c1 VSTORE [— 300mV RMS ' 4:100 |_ r
SOLAR CELL* @D'A/ - Vourz [— 470pF
- o T oo DL |— CA  Vour ﬁm LOAD
I = 20V
L 2.2V —] SWA VLDO VLDO LTC4070*
= —  lsw VLDO VLDO " FAIRCHILD
74488540250 | m— T M | T P ep
* 2" DIAMETER MONOCRYSTALLINE CELL e —Li-lon aAF |_ GIp A Vgg  NTGBIAS [— NC
LIGHT LEVEL > 900 LUX J__ St Vourz en [— q 470pF gy NC—ADY
= VAU G0 L €28 PGOOD |— T BATITERY GJN_D
_l_ = —swe Vour2 en [— i =
4.7F Ving “THE LTC4070 IS A PRECISION BATTERY
— VSi VSTORE CHARGER OFFERING UNDERVOLTAGE
= — 7 4 48 8 540 0 7 0 Vs2  VAUX PROTECTION, WITH A TYPICAL SUPPLY
GND 14F CURRENT OF ONLY 0.45pA
L
Supercapacitor Charger and LDO Powered by a Thermopile Generator Dual-Input Energy Harvester Generates 5V and 2.2V from Either or Both TEGs, Operating
at Different Temperatures of Fixed Polarity
HONEYWELL 470F
0200 i
THERMOPILE i C1 VSTORE — CIA  Vouro |—
= ol .
i out2 |— _
e2 330pF o 25mV T0 500mV R Vour
|— c2 PGD f— PGOOD — \S/WA :_D St
S —&% ko 235V e S 74488540070 a vioo 22 = V0
74488540120 | e =T
VS2 o isomr 2.24F THERMOELECTRIC gg+ bl T
Hes o voma— o e
— VAUX GND 35mV TO 1000mV C2B  PGOOD [—— PGOOD
- 1 J_ CAP-XX GZ115F = = SWB Vourz en [—
2.2uF Ving
- — VST VSTORE
. 74488540120
GND uF

“THE VALUE OF THE Cqyy CAPACITOR IS
DETEMINED BY THE LOAD CHARACTERISTICS
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Linear Technology - Applications — W —o_
WURTH ELEKTRONIK
Dual TEG Energy Harvester Operates from Temperature Differentials of Either Unipolar Energy Harvester Charges Battery Backup
Polarity
THERMOELECTIC
- TnF GENERATOR
: 5V FERROTEC 9500/127/100B T 33nF
HOT |— ¢l VSTORE :
- : ° - F " I CIA  Vour [—
THERMOELECTRIC . STORE ==
GENERATOR 330pF ouT2 ouT2 ':E mIF -
00LD l— e 01 peplpeoon N - | A Vour s
1 : = | 330¢ 163109
= —_ W VLDO VLDO T
V§2 Vour %Vom 744885401 20 SWA  VLDO —f—'gy—vmo -
— VS1 V, e 2.24F ViNa 2.2uF
74488540070 - oma e, Hie T
VALK B — = L—{c2B  PGOOD [— PGOOD
ﬂ_ J_ OFfoN = SWB Vourz_en [
W i m VSTORE FAIRCHILD
T ] L (164070
= VAUX _E VS§2 GNIJVAUX _L1pF FDG328P 180 180 = e
1nF T T i NTC DRV p=NC
1] — - . |
COLD & |— C1 VSTORE [— = ) ] Vgg  NTCBIAS [~ NC
THERMOELECTRIC - v, = Lilon S D
GENERATOR 330pF o e = BATTERY
HOT |— (2 PGD p— = 3109 TAOG:

74488540070

SW VLDO

VS2 Vour
E VSt Vour2_en
= VAUX GND

L

3108 TAOT

= Linear Technology Preferred Partner for Magnetics

http://cds.linear.com/docs/Product%20Info/EnergyHarvestingPartners.pdf
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What is behind the WE-EHP transformer? 8 =

WURTH ELEKTRONIK

= winding style
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Wurth Elektronik eiSos components

WE-EHPI

Energy Harvesting Power Inductor

NEW!

Low profile: 4 mm

Small footprint 6 x & mm
Very low secondary R,
Different turn ratios available

component
Optimized, high reliable winding style

Optimized for

LTC3108/LTC3109
and more

Separated welding/soldering pad for a high reliable

WIURTH ELEKTRONI}

Wireless fire, alarm, gas and metering remote
sensors driven by environmental energies based on
energy harvesting voltage transformers like
LTC3108/LTC3109

Sensors with predictive battery replacements in
applications which are difficult to access

Energy self-sufficient supply

using subsequent installed QR-Code

sensors for energy harvesting

Order Code L, £20% L, £20% n
(uH) (nH)

744 885 40070 75 75000 1:100

744 885 401 20 12.0 33000 1:50

744 885 402 50 250 10000 1:20

IH1
(A)
19
17
15

WURTH ELEKTRONIK

6,0 +0,1

60 +0,1

40 0,1

Il.l1.1 HIE’I Ftl]ﬂ
(A) (€2) (<)

13 0.085 205
1.0 0.080 135
0.7 0.200 42

Transformer designed on EP7 cores are available on request — Order code: 760370096, 760370097, 760370098

During design stage of this series, we used S11100032, S11100033 & S11100034.

With our standard series we have replaced these order codes.
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more than you expect .
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WURTH ELEKTRONIK

EMC / EMI NOISE SOURCES
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Representative noise sources E‘f—o——‘f

WURTH ELEKTRONIK

Conducted Emission Radiated Emission Conducted Emission

PN
/ \ P \\
/ \ / \
//l/‘\ e - / \
Il \ -7 ~~a / \
_ - S~ | |
| . I -7 ~ | I |
\ ||n | e (Vm \\\\ —~ | out )
\ I / C s \U \ I / :l
\ / AN \ ,
\\"// // \\ \\ //
/ -
/ \\
/
/ \
v Vo | (== = v
o] == i —
\ /
\ Cin Cout )/
\ ’
\ 7/
7/
N\ AN ///—\
~N 7
) . U
N

Input current caused by voltage ripple

> ,,Conducted Emission*
= Power traces and choke radiate EMI -> ,,Radiated Emission*
=  Output current caused by voltage ripple > ,,Conducted Emission*

Radiated emission will increase by using long input / output lines(cables)

25
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Conducted noise at converter input WE—

WURTH ELEKTRONIK

lin DC —< }
OO ANN P O
7”!_sup Rsup I‘ - " /1 DC
L - | |R+ ESR |
Vsup L Vin I | + I V out
@ 4/0/;96’\\\ I C T C I Cin
|l EsL |
| L
' v |Cap /L/W v

O |

Conducted Emission is generated by voltage drop across Rg,, and ESR|
Vinoise = Rsup *lin + ESR = ICap

VNoise = Rsup * lin + ESR*Icap

Resonance circuit is formed by L
f,= 1/ 2M\(Lsup-ESL)*Cin

Different harmonics due to fundamental frequency from fp¢,pc and froconance circuit

C,, and ESL;,

sup?’

26
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Conducted noise at converter output WE—-

WURTH ELEKTRONIK

Lconverter Iout
l l Y E o
F1 [T — 1
| ESR | & | IR+ ESR |
(V2]
| c | S + |
I
DConverter I D Z% I %.. : ¢ C I COut Vout
' | Q | I EsL |
e \E LT v
| _——1 leap 1

= Conducted emission is generated by voltage drop at ESR.
Unoise = ESR o * ICout
= Resonance circuit is formed by Cp o nverter : Coutr Lconverter » @NA ESL gy
. 1
fo= 2m\/(ESL,, )*COut
= Different harmonics due to fundamental frequency from fpc;pc @and freconance circuit

27
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28
Wideband input filter M=
= o
(recommended filter solution) WIRTH ELEKTRONIK
T -filter —/ rerite N
\ DC
oo B
'\ Lin /,' DC
\
@ \\\ — 4 //Vin l — Vout
Vsup \\\\\ Cﬁ|te/r// / Cin
s sl )
—/

=  T-filter recommend for wideband filtering
> L, for low frequency filtering (DC/DC converter switching frequency)
> Ferrite for high frequency filtering
> Ciner Shorting ACnoise to GND (220pF < Cye, < 1nF, low ESR)

Attention!!! This filter is not efficient to reduce common mode noise on input lines

28



29
uT“ - OUtPUt filter T_o_
(recommended filter solution) e ;;;
I—filter )
Ferrite
— " o1l . |
N
DC
Vout — Vout
Cfllter
N
N

=  T-filter recommend for wide bandwidth filtering
> Lgier for low frequency filtering (DC/DC converter switching frequency)
> Ferrite for high frequency filtering
> This kind of output filter is for powering radio devices high recommended

Attention!!! This filter is not efficient to reduce common mode noise on output line

29



PCB-Layout recommendations

T-filter
~ \ coupling path
' iy

./

not recommended

= Keep PCB traces as short as possible
= Avoid indirect trace routing

=  Avoid any kind couplings 2> “capacitive”, “inductive”

=  AC-current should flow across capacitor

30

_—)
==
— ——O-
3
I o

WURTH ELEKTRONIK

recommended

=  Short way for AC-current direct to GND (place double vias to GND)
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PCB-Layout recommendations ==

WURTH ELEKTRONIK

DC/DC buck converter

O

-
l:::lﬁ Q

not recommended recommended

= Avoid GND planes under inductor (between inductor pads)
= Don’t route any kind of signals (analog, clock) under the inductor
=  Fill out unused space on PCB with GND (flood)
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Magnetic field leakage

Fielilines
=E -8

00 _ s

IUnshielded

Shielded

SRl s P E =i i g =g iy

EWE O @S0G m D e 0 O s = 0 0 S = 0 O e = oo

Maorking
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FieldLin
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Radiation by inductor =

WURTH ELEKTRONIK

. Spektrum 1 - Inductor @ Z2MHz Clock {1.000,000 kHz - 30.000,000 kHz)
WE - PD2 unshielded
REMY ;100 kHz Center : 15,500,000 kHz Sampletime : 50 ms 2,015,099 kHz

10|JH, 2MHz C|OCk, 1A Span ¢ 29,000,000 kHz Attenuatar : -1 dB &0,00 dBim

[-- B - T, [ L L ]

WE - PD shielded
10uH, 2MHz Clock, 1A

19dBm dlfference 3,900,000 5,500,000 9,700,000 12,600,000 15,500,000 15,400,000 21,300,000 24,200,000 27,100,000
kHz




Magnetic leakage shielded vs. unshielded

unshielded

L T 17 T =1 LIS

(Hz 2000000 kHz 40000 kHz B00.000 kHz 800000 kHz 1.000 MHz
Channel: 2 Window Type : Blackman Window See: 8152
Cursor Information : Cursar off
Hamnonic: [nf omnaton
Tet: 286,750 kHz -26.956 &8 and: 573250 kHz -33547 B

34

WE=-

WURTH ELEI(TRON IK

shielded

Jid : BG0.000 kHz -51.847 B dih: -~

L L L L L | TT o1

Maorking

mfil

\I||1I .“H...i.

200,000 kHz 400000 kHz E00.000 kHz S00.000 kHz 1.000 Mk
Chanrel: 2 ‘window Type : Blackman ‘Window Size : 8192
Curgor Information © Cursos ofl
Harmonic: Information :

15t - 286.500kHz 46977 dB 2nd; 573000 kHz 52705 d8
3id - 859,750 kHz 56160 dB dth: -~
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Let us work together! W=

WURTH ELEKTRONIK

Helpful tools for engineers
& purchasers:
www.we-online.com/toolbox

Technical Support
® Design Guide “Trilogy of Magnetics”,

“Trilogy of Connectors” & ,Simulation in LTspice IV*
= |ocal support

Design-In Support
® EMC test lab racks
m Reference designs of IC manufacturers
® Toolbox for engineers & purchasers
= Free design program
Component Selector

Delivery

= All products available ex stock
= Within 24 hours

= No MOQ

m Service degree: 98.5 %

m Samples free of charge

Service

® Free technical seminars

® Design Kits with lifelong free refill
m EMC Test lab search engine
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sveeTEEe ¥ I e and at our local distributor:

\

ye 4 LNEN

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com


http://www.we-online.com/
http://www.farnell.com/
http://www.element14.com/

	Energy Harvesting To Go
	Foliennummer 13
	Energy Harvesting
	What is Energy Harvesting
	Where is it useful?
	Typical applications
	Where to find „free energy“
	Linear Technology - Applications
	Linear Technology - Applications
	Linear Technology - Applications
	What is behind the WE-EHP transformer?
	Würth Elektronik eiSos components
	Foliennummer 24
	Representative noise sources
	Conducted noise at converter input
	Conducted noise at converter output
	Wideband input filter� (recommended filter solution)
	„T“ - output filter�(recommended filter solution)
	PCB-Layout recommendations
	PCB-Layout recommendations
	Magnetic field leakage
	Radiation by inductor
	Foliennummer 34
	Foliennummer 36
	Energy Harvesting To Go Kit 


<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /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 ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



