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Introduction

m Centre Tecnologic de Telecomunicacions de Catalunya

m Foundedin 2001

m Research Staff: 45 Ph.D. and 25 M.Sc.
m Four Research Divisions

m Communication Networks, Systems, Technologies & Geomatics
m Communication Technologies

m Department of Microwave Systems and Nanotechnology
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Introduction

Active microwave circuit design

* Energy Harvesting and RFID

* Inkjet printed RF circuits and sensors

* Oscillator design including integrated % 74
CMOS oscillators ——

 Active antennas, phased arrays CMOS VCO for UWB-FM
retro-directive arrays

e Substrate Integrated Waveguide (SIW)

C-band Coupled Oscillator
Reflectrarray prototype

S-band retro-directive array
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Motivation

m Ubiquitous sensor networks

m Monitoring (environment, wild-life), security, health...
m Low power, conformal and low profile circuit topologies

m Low cost (manufacturing, material and maintenance)

m Autonomous operation
m Operating with high efficiency

m Minimize dissipated power / maximize harvested power

m “Green” networks

m Environmental friendly materials and fabrication
(Spent batteries pose a waste management concern)
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Motivation

m Choice of harvesting module(s) is application dependent

m Transducer efficiency depends on available power density
and load variation

m Transducer efficiency depends on signal characteristics
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Motivation

Energy Sources Harvested power Conditions
examples
Light / Solar 60 mW 6.3 cm x 3.8 cm Flexible solar cell
AM1.5G Sunlight (100 mWcm™) [1]
Kinetic 20 mW PMG-FSH Electromagnetic
Mechanical transducer [2]
Thermal 0.52 mW Thermoelectric Generator TEG [3]
Electromagnetic 0.0015 mW Ambient power density
0.15 pWcm™ [4]

[1] Silicon Solar Inc., Flexible Solar Panels 3V,
http://www.siliconsolar.com/flexible-solar-panels-3v-051282-p-500992.html.

[2] Perpetuum, http://www.perpetuum.com/.
[3] MicroPelt Inc., TEG MPG-D751. http://www.micropelt.com.

[4] A. Georgiadis, G. Andia, and A. Collado, "Rectenna Design and Optimization Using Reciprocity
Theory and Harmonic Balance Analysis for Electromagnetic (EM) Energy Harvesting, " IEEE
Antennas and Wireless Propagation Letters, Vol. 9, pp. 444-446, July 2010.
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Motivation

Total available power Available power for
Human Body Sources .
from body harvesting
0.2-0.32 W
Body heat 2.8W-48W (neck brace)
Breathing band 0.83 W 042 W
Walking 67 W 5.0-8.3 W

Thad Starner, 'Human powered wearable computing', IBM systems journal, vol. 35, no. 3-4,
1996
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Solar energy harvesting

n Photovoltaic Effect (Observed by Becquerel 1839)

s Photoelectric Effect
(Mathematical Description by Einstein 1905,
Nobel Prize in Physics 1921)

= Ubiquitous Solar Energy
n [rradiance (W/m?) versus I/luminance (1 lux)

m [/luminance measures the perceived power density of
light weighted by the sensitivity of the human eye using
a luminocity function.

n Spectral Irradiance (W/m2/nm)
n 1sun=1000 W/m? = 100 mW/cn¥
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Solar energy harvesting

= American Society for Testing and Materials (ASTM)
Reference Solar Spectra

= AMO or ETR
(Solar constant = 1.366 KW/m?2)

= AM1.5G (1 sun = 1 KW/m?)
(includes direct and diffuse radiation)

= AM1.5D (0.9 KW/m?) Sun O Zenith

(concentrator systems) O AM15
= Average solar irradiance g8 AMO
on earth much lower A
than 1 sun Atmosphere
(~1/6 of AM1.5G Irradiance) / Eam
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Solar Energy Harvesting

N
o

m ETR Spectral Irradiance
Distribution is modeled as
black-body radiation
with T= 5800 K

— ETR
—— Global Tilt
—— Direct & Circumsolar

N
o

-
a
T

m  Atmosphere Absorption
bands visible

-
o

Spectral Irradiance (Wm?nm™)
o
(6)]

0 500 1000 1500 2000 2500 3000 3500 4000
Wavelength (nm)

m  Principles of thermodynamics and black-body radiation
allow estimating performance limits of solar cells
(Shockley-Queisser Limit 1961)

= The maximum theoretical efficiency of an ideal (single energy gap)
solar cell was estimated by William Schockley and Hans S.
Queisser in 1961 to be approximately 31%.
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Solar Energy Harvesting

m wafer based solar cells (150 S/m2 — efficiency 20%)

m thin film solar cells 100
(30 $/m2 — efficiency 5-10%) |
m third generation solar cells &
(high efficiency, low cost) % T
9
£ 40—
L

................

N
o

0 |
cellt 0 100 200 300 400 500
Cost ($/m?)
Cha//enges M. Green, Third Generation Photovoltaics,
. . Advanced Solar Energy Conversion,
High efficiency and low cost Berlin Heidelberg: Springer-Verlag, 2006.

Integration with other circuitry

Indoor conditions?
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Solar Energy Harvesting
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Integration of Harvesting Modules

m Solar cell efficiency, measured under AM1.5GatT=25C

Classification Efficiency (%) |V,. (V) |J),(mAcm2) |FF (%) |Description

c-Si 25.6 0.74 41.8 82.7 Panasonic HIT

mc-Si 20.4 0.664 |38 80.9 FhG-ISE

GaAs (thin film) |28.8 1.122 |[29.68 86.5 Alta Devices

CIGS 20.5 0.752 |[35.3 77.2 Solibro

CdTe 19.6 0.857 |[28.59 80 GE Global Res.

a-Si a1 0.886 |[16.75 67.8 Oerlikon Solar Lab

Dye Sensitised 11.9 0.744 |22.47 71.2 Sharp

Organic polymer |10.7 0.872 |17.75 68.9 Mitsubishi
Chemical

M.A. Green, K. Emery, Y. Hishikawa, W. Warta, E.D. Dunlop, ‘Solar cell efficiency tables (version
44), Progress in Photovoltaics: Research and Applications, vol. 22, no. 7, pp. 701-710, June 2014
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Kinetic/Vibration Energy Harvesting

m Conversion of mechanical movements
to electrical energy
m Vibrations
m Displacements

m Forces or pressures

m Sources
m Traffic

m Human movement
m Heating, Ventilating and AC (HVAC)
m Air currents

m Water movement
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Kinetic/Vibration Energy Harvesting

m Transducer types:
Electromagnetic (inductive)
- Faraday’s law
Electrostatic (capacitive)

- Vary the capacitance or charge of a
variable capacitor

Piezoelectric

- Piezoelectric strain d tensor relating
Mechanical Stress T to Electric
Displacement D
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Kinetic / vibration energy harvesting

m Piezoelectric Transducers:
Piezoelectric strain d tensor relating Mechanical
Stress T to Electric Displacement D

= Anisotropic behavior:
direction of Strain relative to Polarization
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Kinetic/Vibration Energy Harvesting

m Vibration transducers modeled by frame
mass m, attached to a frame using a k
: * z
spring k [*]. L
m Mechanical to electric conversion M-
losses included in d. 45

mz+dz+kz=-my )
y(t) =Y, sin(wt) A =w2Y, P.nay = M?A%/(4d)
[*] C.B. Williams and R.B. Yates, ‘Analysis of a Micro-Electric Generator for Microsystems,’ in

Proc. 8t International Conference on Solid-state Sensors and Actuators and Eurosensors IX,
Stockholm, Sweden, pp. 369-372, June 25-29, 1995.
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Kinetic/Vibration Energy Harvesting

m Require low frequency high-Q resonators
m Application dependent

Application / Vibration source Vibration Acceleration
frequency (Hz) amplitude (ms?)

Door Frame (after door closes) 125 3
Clothes Dryer 121 35
Washing Machine 109 0.5

HVAC vents in office building 60 0.2-1.5
Refrigerator 240 0.1

Small microwave over 121 2.25
External windows next to busy street 100 0.7

S. Roundy, "On the Effectiveness of Vibration-based Energy Harvesting,”
Journal of Intelligent Material Systems and Structures, vol. 16 no. 10, pp. 809-823, Oct. 2005.
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Kinetic/Vibration Energy Harvesting

Challenges:
Self-tuning / Adaptive tuning, Wideband / Multiband

Description Frequency (Hz) |Power REF
(mW)

MEMS AIN Piezoelectric 325 0.085 [*]

JouleThief Piezoelectric 50, 60, 100, 120 (1.2 [**]

PMG-FSH Electromagnetic |50, 60, 100, 120 |20 [*%*]

[*] R. Elfrink, et al., "First autonomous wireless sensor
node powered by a vacuum-packaged piezoelectric MEMS
energy harvester," in Proc. IEEE International Electron
Devices Meeting (IEDM), pp.1-4, 7-9 Dec. 2009.

[**] JouleThief, AdaptivEnergy.

[***] PMG FSH, Perpetuum.
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Thermal Energy Harvesting

m Conversion of temperature differences to
electrical energy.

TH TH
m Sources
2 2
m  Waste heat from industrial plants — + o
1 V, 1 i
m Heating systems - / T 4
m  Automobiles, other vehicles 2 2
= Human body e Te
Seebeck Peltier
Effect Effect

m Seebeck
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Thermal Energy Harvesting

m The Seebeck coefficient is much higher for semiconductor
materials rather than metals and metal alloys, where it can
reach magnitudes of 1ImV/K.

m Thermoelectric generators (TEGs) are formed by pairs of
coupled of N-doped and P-doped semiconductor pellets
connected electrically in series and placed between two

thermally conductive plates.

I
- AN —

| R |
Metal .~ | :

| —

contacts\ I apAT | RL g

1] ! |
Ceramic plates e — - — — — [
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Thermal Energy Harvesting

s Gulielmo Marconi
m ~ 1895

n Villa Griffone,
Bologna, Italy
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Thermal Energy Harvesting

m Thermoelectric 2.0
Figure Of Merit: I 1A i
< 16 superlattice
2 @
a“oT £ a4
ZT == }\ g 1.2 ‘ Zn5b4 F€4C05b12
20 SiGe
% 0.8 a5 GaygGeyy
m High Seebeck Coefficient (o) s
£ 04
. . . . 5
m High Electrical Conductivity (o)  %* .
- ST

0 200 400 600 800 1,000 1,200 1,400
m Low Thermal Conductivity (A) Temperature (K)

S. Beeby and N. White, Energy Harvesting for
Autonomous Sensors, Artech House 2010.
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Thermal Energy Harvesting

Challenge:

Increase conversion efficiency and maintain temperature gradient

Carnot efficiency: N = (Thor Teoid)/ Thot

Conversion efficiency: @ = n.(2 — 0.5n, + (4‘/ZThot))_1

Conversion Efficiency limited by Carnot Efficiency

Example:
Teog =293K(20C) and T,,, =303K(30C) => n<3,3%
Toog =233K(-40C)and T,,, =293 K(20C) => n< 20,48 %
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Thermal Energy Harvesting

s Power amplifiers are fundamental blocks in every
transmitter circuit.

» Linearity requirements and technology limitations result
in a significant amount of wasted heat.

m Challenge: Recover DC electrical power from the
generated heat:

= thermoelectric generators
= principles of heat transfer and Seebeck effect
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Thermal Energy Harvesting

Power amplifier used as heat
generating mechanism:

n freq=2.45 GHz
H PdlSS:1'37W

o
L

-
A

Voltage, Current
(normalized)
N

/ Current § Voltage

o

0 0.5 1

Time (normalized)
M ” U2 Output
J— %50 Ohm

out3‘|‘
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Thermal Energy Harvesting

Measurement of the temperature along
the ground plane of the PCB, 72 points

60 70
Temperature (°C)

Measured Results
Max Temperature 82.4 °C (355.4 K)
Room Temperature 25.7 °C (298.7 K)

n.=15.95%
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Thermal Energy Harvesting

Experimental setup:
s Thermoelectric Generator
(thermoelectric material Bi,Te;,).
m Power amplifier circuit on Arlon 25N substrate.
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Thermal Energy Harvesting

Thermal Model
= analogy between the electrical and heat charge.
= only steady state conditions are considered.

Device Aasn TEG Package Heatsink
r- -7 - L I~ - 7
| l |
' Ro1 Rpz ! RAZSN: Raium Risol  Rregpes Ratum || Rs |
T VYWV ’\/\/\/;.’\/\/\,I —VW——],
T : T | : I o Thot Tcold : | T
T | Q : | | T
— = 1 | Rrepack ! g
Quantity Symbol VALUE (K/W)
R, for device (junction-ambient) Rp1 125
Ry, for device (junction-substrate) Rp; 29
Ry, for substrate and contact Razsn 10
Total Ry, for TEG package Rregpack 18
Ry, for TEG PCB Rrecrcs 12.5
Ry, for heatsink Rus 5.8
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Electrical Power Generation

7
Tcold=305-9 K
6 | — Simulated n,
— — Simulated ¢
¢ Measured n,
51 e Measured ¢
2 - Py =1.37W
g 7=2.5x10° K*
________________ §----"
' It Al |
0 5 10 15 20
Temperature gradient (AT) (K)
Thot (K) | Teaia (K) [ AT (K) [N (%) | @ (%) | Puax(mMW)
Sim 318.1 | 306.7 11.4 | 3.58 | 0.51 2.1
Meas | 313.1 | 305.9 /.2 2.3 [0.074| 1.015
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Motivation

Heat dissipation from top case into air

Power storage Thermoelectric
Thermal  and management module

¢ i ,,ﬂ > insulation Back case

Wrist watch: SEIKO thermic
~ 20-40 uW required to power a quartz digital wrist-watch

S. Beeby and N. White, Energy Harvesting for Autonomous Systems,
Norwood: Artech House, 2010.

S. Kotanagi, et al., “Watch Provided with Thermoelectric Generation Unit,”
Patent No. WO/1999/019775.
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RF energy harvesting

. L] L]
m Challenge: determine available power
FM Radio Analog TV Digital TV
> -20
1 A Scenario 1
X Scenar!a2
% o ! i . : =
< ‘ i \I -40 o I
= | - = 2 .
) £ X X &
!-I:'- 0.01 J“ 1 =] % x =
"Vl --‘-‘»[L i )\ | ‘ g -
e R z — 8
100 200 300 400 500 600 700 -60
Frequency (MHz)
(a)
FM Radio VHF Radio Digital TV S : : .
165 - 0 1 2 3 4
Distance (m)
g
>
9 e I } ' A '” Desk with equipment
o I f
= |
@ il ' LIk I =z =
0.01 ,b Fqn | 5§< -gg'
LU WAL IV X T2 osmasm 8
3 i @
400 500 600 700 ba 3
F MH
reque:?; (M Desk with equipment

R. Vyas, B.S. Cook, Y. Kawahara and M. M Tentzeris, "E-WEHP: A Battery less Embedded Sensor-Platform
Wirelessly Powered From Ambient Digital-TV Signals," Microwave Theory and Techniques, IEEE
Transactions on, vol.61, no.6, pp.2491,2505, June 2013
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RF energy harvesting

m Key element: Rectenna (Brown US3434678, 1969).

m Rectifier circuits: envelope detector,
charge pump circuits Schottky diodes,
low / zero barrier diodes

@) @

_ [
t'l‘j,l;lil:.l:f
l l!. i

Reported UHF rectifier efficiencies for available input power levels in the order of 10 uyW
are approximately 20 %, and increase to > 50 % for available power levels of 100 uW.
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Integration of Harvesting Modules

—
Solar / Electromagnetic
harvester

T 1.9 GHz /-1.5 dBm
fsgt!',a,tEng Transmitter

2.4x3.9 cm?
Bak

4

-p

solar cell

{(b) A-A section

Shad Roundy, Brian P. Otis, Yuen-Hui Chee, Jan M. Rabaey, Paul Wright, A 1.9GHz RF Transmit
Beacon using Environmentally Scavenged Energy IEEE Int. Symposium on Low Power Elec. and
Devices, 2003, Seoul, Korea.

M. Tanaka, R. Suzuki, Y. Suzuki, K. Araki, "Microstrip antenna with solar cells for microsatellites,"
IEEE International Symposium on Antennas and Propagation (AP-S), vol. 2, pp. 786-789, 20-24
June 1994.

S. Vaccaro, J.R. Mosig, P. de Maagt, Two Advanced Solar Antenna “SOLANT” Designs for Satellite
and Terrestrial Communications, IEEE Transactions on Antennas and Propagation, vol. 51, no. 8§,
p. 2028-2034, Aug. 2003.

T. Paing, J. Morroni, A. Dolgov, J. Shin, J. Brannan, R. Zane, Z. Popovic, "Wirelessly-Powered
Wireless Sensor Platform," in Proc 2007 EuWIT, pp.241,244, 8-10 Oct. 2007
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Integration of Harvesting Modules

SCIENTIFIC Ji
AMERICAN ==

FUTURE LOOKS FLEXIBLE

m Multi-technology harvesters

m Solar antennas and rectennas

m Flexible electronics
m Paper / Textile / Plastic Substrates

m Solar powered batteryless circuits

wires connecting solar cells with circuitry

flectron patch

raa:

si—H solfr cdlls

T T I

‘ c;nnection

B e=

DC+

solar cell GND — flectron patch
CPW Inverted F monopole

flectron GND plane
S~pHEMT

N3509M04
DC - DC +

Solar Cell
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Integration of Harvesting Modules

Flexible amorphous silicon (a-Si) solar cell

0.06 0.06

0.05 0.05

0.04 0.04

|

-~ 0
< 003 003 —
— é Zn0O

0.02 0.02 =~ Aluminium

0.01 0.01 Polyimide

0 0

0 05 1 15 2 25 3 35 4 a5
V(V)
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Integration of Harvesting Modules

m Textile /flexible foam passive and active circuit integration.

m Wearable smart fabric with sensing and communication
(transmission) capabilities.

wires connecting solar cells with circuitry

flectron patch

T™TTiT T T
T W_T_T‘
DC— | con-nection

solar cell GND — flectron patch

2, e
Zea TEEESEG

180° |=--without solar cells
flectron GND plane E e LT with solar cells
——CST simulation

DC - DC +

Flexible polyurethane (h=11mm /e=1.16 /tand=0.01

Aramid textile layer (h=0.95 mm /e=1.97 / tan3=0.02)
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Integration of Harvesting Modules

m  Multi-band rectenna / Solar energy harvester

20

simulation (a)
- — — — measurements
15+
— Il
X |
> I /
e 10t Iy \
9 I I\
e I AW
o | \ | \\
5L 1 I \
I \ /
| N\ ~ / \
/ N (RN / \
| ~~ _- \
0 - =
0.7 1.2 1.7 2.2
frequency (GHz)
45
40| | —— f=0.83 GHz measurements
—e— f=0.85 GHz simulation
35F| — — — £=1.91 GHz measurements
— » — f=1.85 GHz simulations
< 301
=)
3 251
g
5 207
£
o 15¢
10 1
5t Z= (b)1
"— .

% 30 25 20 5 do 5
.. . . . Input Power (dBm)
A. Georgiadis, A. Collado, S. Via and C. Meneses, "Flexible Hybrid Solar/EM Energy Harvester for Autonomous

Sensors", in Proc. 2011 IEEE MTT-S Intl. Microwave Symposium (IMS), Baltimore, US, June 5-10, 2011.
A. Collado and A. Georgiadis, "Conformal Hybrid Solar and Electromagnetic (EM) Energy Harvesting Rectenna,"
IEEE Transactions on Circuits and Systems |, 2013 (early access).
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Integration of Harvesting Modules

Radiating element size minimized by eliminating areas of a
semicircle monopole where field distribution are weaker

DC interconnect line for solar cell integration place for minimum
effect on antenna performance

E-plane 1.85 GHz
90

120

180

H-plane 1.85 GHz

210

simulation
U measurements w/o solar cell

————— measurements with solar cell antenna w/o solar cell
-40 e N et antenna with solar cell

1 2 3 4 5 6
frequency (GHz)
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Integration of Harvesting Modules

m Compact design: Meander (PET) or Slot (Paper)

m Antenna surface shared with solar cell

CPW Inverted F monopole

\ [
. S~pHEMT Solar Cell
N3509M04 ,

Solar Cell Solar Cell

A. Georgiadis, A. Collado, S. Kim, H. Lee, M. M. S. Kim, A. Georgiadis, A. Collado, M. M. Tentzeris, "A Inkjet-Printed
Tentzeris, ‘UHF Solar Powered Active Oscillator Solar-Powered Wireless Beacon on Paper for Identification and
Antenna on Low Cost Flexible Substrates for Wireless Power Transmission Applications", IEEE Transactions on
Wireless Identification Applications,” IMS 2012. Microwave Theory and Techniques, Dec 2012

Energy harvesting and wireless power transfer towards autonomous wireless sensors and RFID's Slide 42



Integration of Harvesting Modules

Harmonic Balance
Oscillator Simulation

Lg
Y T

Vg
Solar Cell H Solar Cell
lg Solar Cell - Solar Cell
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Integration of Harvesting Modules

Semiconducting pellets

/]

Metal ~~
contacts\
]
Ceramic plates
Carnot efficiency: N = (Thot Teod) Thot

Conversion efficiency: @ = n.(2 — 0.5n. + (4/ZThot))_1
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Integration of Harvesting Modules

(dB)

—— meas !
1
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Integration of Harvesting Modules

<«— Solar cell

TEG top layer

TEG

TEG bottom layer
Antenna substrate
Antenna shorting vias
Antenna patch

Antenna ground

0 10 T v
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Rectenna Designh and Optimization

= Circuit topology
important
in low available power
conditions

= Trade-off between
efficiency
and output voltage

m Efficiency varies with load

Conversion Efficiency

60

501

'S
o

w
o

N
o

-
o

order 1 (s)
—=— order 1 (p)
— order2
— — -order 3
— - — order 4

Efficiency (%)

-15 -10 -5 0 5 10

Input power (dBm)

Load (KOhm)
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Rectenna Desigh and Optimization
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Energy Harvesting Assisted RFID and WSN

m RFID tag and wireless power transmission

m Using Impinj reader
and RF signal generator

m Read rate improvement

m Saturation

70 ; ;
40 ; ; Py ; —— f =868 MHz
: : : : 60_ . f _ 8657 MHz ..........................................
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m Solar tag with high efficiency
DC-to-RF converter: Class-E oscillator
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m Solar powered data logger (SWAP project)
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Thank you for your attention !

Questions

Apostolos Georgiadis

Department of Microwave Systems and Nanotechnology
Senior Researcher

Centre Tecnologic de Telecomunicacions de Catalunya (CTTC)
Avda Carl Friedrich Gauss 7

08860 Castelldefels - Barcelona Spain

Email: ageorgiadis@cttc.es
Google: https://sites.google.com/site/apostolosgeorgiadisl/home

Energy harvesting and wireless power transfer towards autonomous wireless sensors and RFID's Slide 53



Wireless Power Transfer Journal

http://journals.cambridge.org/action/displayJournal ?1id=WPT

Wireless
Power

Wireless Power Transfer (WPT) is the first journal dedicated to Transfer
publishing original research and industrial developments relating to fu—
wireless power. =
Vol. 1. No. 1. March 2014

Vol. 1. No. 2. November 2014

Vol. 2. No. 1. April 2015

Vol. 2. No. 2. Nov. 2015

WPT covers all methods of wireless power transfer and articles will
reflect the full diversity of applications for this technology, including
mobile communications, medical implants, automotive technology,
and spacecraft engineering.

Wireless Power Transfer

Energy harvesting and wireless power transfer towards autonomous wireless sensors and RFID's Slide 54




<<
  /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


