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Abstract—The minimum input voltage from which switched-
inductor boost converters can draw power is a critical parameter,
especially for power supplies that draw power from low-voltage
sources like thermoelectric generators. When a battery is absent
or fully discharged, the power supply relies on a millivolt input to
wake and supply the system. This paper explains and quantifies
what determines this minimum threshold both with and without a
charged battery present. Analyses show that CMOS converters
can wake with 44 mV, but not output power until the input source
voltage vg is 268 mV. With a charged battery, they can transfer
energy with 4.6 mV, but not output net power until vg is 64 mV.

Keywords—Switched inductor, CMOS boost converter, power
supply, charger, minimum input voltage, wake, startup.

1. SWITCHED-INDUCTOR BOOST CONVERTERS

Wireless microsensors can save energy and save lives [1]-[4].
They can rely on 40-350-mV photovoltaic (PV) cells and
thermoelectric generators (TEGs) for energy and power [5].
Chargers and regulators must therefore boost this 40-350 mV
to 0.5-2.0 V so that wireless microsystems can operate.

With such a low input voltage vy and a resistive source,
input power is very low. The power supply should therefore
be as power efficient as possible. This is why switched
inductors (SLs) are so popular. When the battery is absent or
fully discharged, however, the SL in Fig. 1 must wake with a
low viy. Even when the battery voltage is over the headroom
voltage Vi of the CMOS circuit [6], viy must still rise above
a certain threshold for the boost converter to output net power.

Switched-Inductor
Boost Converter
Fig. 1. Sourced and loaded switched-inductor boost.

The value of this theoretical limit is absent in literature [5],
[71, [10], and [13]. This paper therefore explains and quantifies
the lowest possible voltage of the input source with which SL
boost converters can wake and can output net power. Sections
IT and MI derive this threshold without and with a charged
battery present, respectively. Section IV then discusses the
effects of temperature and Section V draws final conclusions.

II. WAKE THRESHOLDS

Mg in the SL boost from Fig. 2 closes to energize Ly from vy.
When Mg opens, Ly's current iy charges Csy until D forward-
biases and steers ip into the output Co. But when the output
(battery) is fully discharged, the SL relies on the low-voltage
source vs to wake the microsystem. Rg is the source resistance.

When the source vg raises vy above the SL's first threshold,
vin supplies the ring oscillator and drives the switch M. Below

this functional threshold vy, the oscillator does not work.

Vwr 1s therefore the lowest vs with which the SL can operate.

The SL, however, cannot output power Po until input power

Py is high enough to supply the power lost in the SL. Thus,

loss-limited output threshold vy, is the lowest vg such that the

SL can output power when waking without a charged output.
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Fig. 2. Waking (input-supplied) switched-inductor boost.

A. Wake Functional Threshold

In the ring oscillator, one inverter drives another. So vy equals
voL, and viy equals voy, where vy, vou, viL, and vop are the high
and the low voltage levels of the input and the output of an
inverter, respectively. An inverter is a series stack of PMOS and
NMOS, so the gate-source voltages vgs's and the drain-source
voltages vps's of the inverter's PMOS and NMOS add up to vi:
VIN = VsGgp T VGsN = Vspp t Vpsn, (D
where vy is the oscillator's supply voltage as labeled in Fig. 2.
When vg is near vw), the ring oscillator is in sub-threshold
(later validated by vw)'s value), and the boost hardly draws
current from vs. So, vrs (the voltage across Rg) is negligible
and vyy is near vs. MOSFET sub-threshold current iysr) is [8]:
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where n is sub-threshold slope factor, and V, is thermal voltage.
When the inverter's input is high and output is low, its PMOS
current iypst) equals its NMOS current iyst), and vice versa:
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The oscillator halts if voy equa’1s VoL, and it oscillates if Vou 18
higher than vop [9]. Solving the lowest vs such that voy is
higher than vop using (1) — (4) gives vw). Fig. 3 plots the
calculated vy versus PMOS and NMOS widths Wp and Wy.
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Fig. 3. Wake functional threshold across Wp and Wy.

In addition to [9], this paper finds the optimal Wp and Wy.

In Fig. 3, the solid line labels the lowest v (denoted by

Vw))- It shows that the optimal Wp and Wy can counter the



differences between PMOS and NMOS in mobility p, sub-

threshold slope factor n, and MOSFET threshold voltage vry

to balance their strengths, and thus can reduce vy Vw) 1S

44 mV in simulation. By observation the optimal sizes satisfy:
(W/L), Lo _pny [ Vo ) (Yo || 5)
(W/L), L) tomy n,V, Vv

Fig. 4 plots the error compared with simulations using 0.18-

um CMOS. The highest error of the v analysis is 7.06%.
With vy variations, v is about 44—220 mV across corners.
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Fig. 4. Wake functional threshold error (compared with simulations).

B. Wake Loss-Limited Output Threshold

This paper finds vw(o) in two steps. First, find the lowest vy for
the SL boost to output energy. Then, add vgs to vy to get the
minimum source voltage vwo) High Cn suppresses the
voltage ripple of vy, so VN, Vrs, and igg are roughly dc. To
reduce cost, Mg is not a native NMOS [10]. So, Mg is in sub-
threshold (later validated by vwo)'s value) and its conduction
resistance Ry is much higher than the inductor's equivalent
series resistance (ESR) Ry. Thus, Ry is neglected. The boost is
in Discontinuous Conduction Mode (DCM) since the current
level is low. The wake-up process ends if vq is charged to V.
The boost converter in Fig. 2 can output energy if the
inductor Lx's peak energy Ej k), along with the input energy
Enm) provided by vy during the drain phase, can charge Csw
to one diode voltage vp above the output voltage vo:
Emvo) T Erer) > Ecswvo + vp)- (6)
Parasitic pin capacitance Cswpmny and Mg's drain capacitance
add up to the total capacitance Csw. Csw'S loss ECSW(VO+VD) 18:
Ecswvorvp) = 0.5Csw(vo + VD)Z- @)
Fig. 5 shows that this high sub-threshold Ry limits the growth

of Lx's current ir.. Lx's highest current is iy (pk), and Ey k) is:
2
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As i, drains Cgy across drain time tp (LxCsw's quarter resonance
period t;/4), i 's sinusoid draws Eqyp) from vin:
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where iinp.ave) and i p.ava) are the averaged input current and
averaged inductor current across the drain time tp (a quarter of
tLc). Substitute (7), (8), and (9) into (6), and solve for vy:

7Cqy .
aly +R, 6t
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The oscillator's switching period togc is long since it is in sub-
threshold. So it is roughly a square wave (Fig. 5). Assuming the
oscillator has 50% duty-cycle, Lx's average current iy avg is:

. . v
1 ave) = 0.5 gy = O.S(RIN ) 1n

VN = (Vo +VD)RMG

MG
The driver draws average current icvc.ava) to charge/discharge
Mg's gate capacitance Cgmg) to turn on/off Mg. icoug.ave) is:
C VlN C.."W L v
i G(MG) _~ox MG MG YN (12)
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where Wy and Ly are Mg's width and length. Neglecting the
oscillator's current consumption ipsc, the theory finds vgg by:

VRs =iRS(AVG)RS z(iL(AVG) +iC(MG.AVG) )Rs' (13)
The theory then finds the minimum source voltage vw(o) by:
Vw©) = VrRs T Vi, (14)
and v (o) is the lowest v such that vg can be charged to V.
Simulated: vs = vy o)
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Fig. 5. Simulated inductor current during wake-up.

Vur is 1V, Rg is 350 Q (TEG resistance [11]), vp is 0.4 V,
and tosc is 100 ps in calculations and simulations. Fig. 6 plots
the calculated vy(o) versus Wy and Lx. Raising Wy lowers
Rumg and thus reduces the lowest vy required to output energy.
But raising Wy raises Mg's parasitic capacitance. This raises
icmg.ave) and raises vgg. Therefore, the lowest source voltage
vwo) (denoted by vy(o)' in Fig. 6) for a given Ly satisfies:
vy |
aWMG aWMG VW(O)'

Rs =350 Q 2 Q<R <110Q
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Fig. 6. Wake loss-limited output threshold across Wy and L.

Fig. 7 plots the error compared with simulations using 0.18-
um CMOS. The highest error of the vy(o) analysis is 9.84%.
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Fig. 7. Wake loss-limited output threshold error (compared with simulations).

Since the SL boost often wakes the system with a low vg
[6], vwo) is the bottleneck and should be minimized. A higher
Lx carries more energy for a given current, and thus can reduce
Vw(o)- Since Ry is much higher than the inductor's ESR Ry,
we should use the highest Lx within the system's volume
constraints regardless of Ry to minimize vyw). For system
miniaturization, miniature inductors should be used. Off-the-
shelf miniature inductors can offer a highest Lx of 10 mH (3.7
x 3 x 3.6 mm’) with 110 Q ESR. With this miniature inductor,
Vw(o) 18 268 mV in simulations and is 280 mV in calculations.
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Fig. 8. Wake loss-limited output threshold across headroom level.
Fig. 8 plots the calculated and simulated vy o) versus Vyg.

Raising Vg raises the loss in Csw and raises V(o). Thus, Vyr
should be the lowest voltage that meets system specifications.



III. STATIC THRESHOLDS

When the SL boost's output vp is above Vyr, which is the
lowest voltage to supply the system's controller and to fully
turn on power switches [6], vo supplies the controller and the
gate-driver in Fig. 9. This way, the boost charges or regulates
vo. Under this static steady-state condition, the static functional
threshold v is the lowest vg such that the boost can operate.

Static transfer-limited threshold vgx) is the lowest vs such
that ip can charge Csw until comparator CPq closes Mg [14] to
let ip drain and transfer energy into Co. However, the boost does
not output net power to vo until input power Ppy is high enough
to overcome all the power losses, including the power lost in the
vo-supplied controller and the gate-drivers. Static loss-limited
output threshold v is thus the lowest vs such that the boost
can output net power when operating with a charged output.
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Fig. 9. Static (output-supplied) switched-inductor boost.
A. Static Functional Threshold

In static operation vg is above Vyg, so the controller and the
driver can always operate. Therefore, the SL boost can always
draw energy from vy if vg is above 0 V. Therefore, vy is 0 V.

B. Static Transfer-Limited Threshold

In static operation, the vo-supplied driver turns Mg fully on.
Thus, Mg's on-resistance Ry is low (less than 1 Q). Again, for
miniaturized systems, the miniature inductor's ESR R can be
up to 110 Q. Thus, Ry overwhelms Ry, and Ryg is neglected.
Lx can transfer energy to vo if its peak energy Ej pk), along
with the input energy Epnp, offered by vy across the drain
phase, can overcome Ry 's loss Egy and charge Csy above vo:
Envo) + Erer) > Ecswvoy + Ere. (16)
The boost operates differently to minimize vgx). After viy is
charged to vs, the controller closes Mg to energize Ly. This
maximizes the voltage across Lx. Moreover, a high Cpy holds
vin close to vg across the energizing time tg until iy reaches its
limit. This maximizes E pk) and thus minimizes vsx). Erpk) is:

2 2
. v, V.
By = 0.5y g, = 0.5L (R_m) - O.SLX(R—S) .an
L L

Ecswvoy is the energy lost in Csw. Ecsw(vo 1s:
2
ECSW(VO) =0.5Cgwvo'. (18)
Similarly, at vgx), i drains into Cgw across a quarter of Lx-
Csw resonance period t c. During this drain time tp, Egy is:

. 2
; 11 (pk) t
En =1L(D.RMS)2RLtD z(f) R, (%) > (19)

where i(p ruvs) 18 Lx's root-mean-square (RMS) current during
tp. Like (9), during this drain time tp, vy offers energy Ein):

. . 2\. t
ErN(D) =VIN1rN(D,AVG)tD =~ Vsl (p.ave) b = Vs (E) I (pk) (]ZTC) - (20)
Substitute (17), (18), (19), and (20) into (16), and solve for vs:

C
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Fig. 10 plots the calculated vsx, versus Lx and R, when vg is
1.4 V. Fig. 11 shows that the highest error is 10.99%.

Vsx) when iL drains into Vo

%‘ ‘3‘8 Q\§ Rs=350 Q Cswemn) =8 pF
ELE RS s S et
Z 10 7 Calculated = oyt

X 080100

1 23435 D 1n
Ly 7 8 910 20g/ (@)
Fig. 10. Static transfer-limited threshold across Ly and Ry.
For miniaturization, the inductor used in static operation
must be the same inductor used for system wake-up (10 mH

with 110 Q ESR in this paper) to reduce system volume. In this
case, Vsx) is 4.6 mV in simulation (4.36 mV in calculation).
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Fig. 11. Static transfer-limited threshold error (compared with simulations).

C. Static Loss-Limited Output Threshold

Similarly, vin, Vgs, Irs are roughly dc in static operation, and
the boost converter operates in DCM. The input power Py is:

Py = Ps — Pgs, (22)
where Pg is the power from vg, Pgg is the power burned in Rg.

. V=V

Ps = Vlrgave) =Vs( SR = )9 (23)
S

(Vs ~Vin )2
and P =—>—1. (24)
RS

At vg(0), Viv 1s much lower than vo, so drain time tp is much
less than energizing time tg (Fig. 12). Lx's peak current iy (pk) is:

. \'% A%
1 (pk) =(L_m)tﬁ “(L_m)tx’ (25)
X

X
where ty = (tg + tp) is the time during which the boost

converter draws and transfers energy. Ry 's power loss Py is:
2

. t i
Po =i s Ry (ts_)z(% R, (f;—W) ; (26)
W X

where i (rms) is the RMS value of iy, fx is the reciprocal of tx,
and fgy is the switching frequency. Cgw's power loss Pcgy is:
PCSW = O.SCsonzfsw. (27)
Again, the inductor used in static operation is the same
inductor used for system wake-up. Thus, Ry is much higher
than Ry, and Ry 's ohmic loss Pgy is much higher than Ryg's
conduction loss Pyr. Also, for optimized power switches, the
gate-drive loss Pyc should be equal to the conduction loss Pyr
[12]. Thus, Pyr and Pyc are both negligible compared to Pgy.

200 Vs = Vs(0)' = 64 mV te 39 ps
Z 100 Lx=10mH R =110Q =2 pis
= Cswerm=8pF  vo=14V Simulated
- I tsw= 377 s
-100 - y »

0 0.25tsw  0.50tgy 0.T7_5tsw 1.00tsw 1.25tsw  1.50tsy
ime
Fig. 12. Inductor current at the static loss-limited output threshold.

Part of the controller is always on (i.e., voltage monitoring
circuits), and draws steady state current igss). Its loss Pqss) is:

Pqss) = iqss)vo- (28)



The other part of the controller is duty-cycled (i.e., comparator
CPy), and draws current igx) only during tx. Its loss P, is:

. t ) . f
Por =lop Vo (t_x) =g Vo (%) : (29)

SW X
Neglecting Pyr and Py, the total loss is approximately:
Pross = Pre + Pesw + Poss) + Pow)- (30)
The minimum vg such that Pyy is no less than Py ggs 1s vs(o):

. . P
Vs(0) =1Rs(AVG)Rs +ViN =11N(AVG)RS VN = V_IN RS+V1N
b (31)
P P +Pow +P oo +P
=( Loss)RS v, z( RL T HCsw TQ(ss) T Q(x)

Vin Vin

Ry +vy.

Figure 13 plots the simulated and calculated vso, when
iQ(SS) is 151 nA [13], iQ(X) is 2.45 IVLA [14], and fX is 16.7 kHz.
Py rises when fgyw climbs because the converter draws energy
more frequently. Except, Pcsw and Pqx) also increase with fgy.
So the lowest vg(o) (called vg()) results at the foy that balances
P, Pesw, and Pox). (vin is not the 0.5vg that conventional
maximum-power-point theory predicts because the inductor
needed for wake-up adds Ry's 110 Q to Rs. So with the values
mentioned, theory predicts vge) is 63 mV and simulations
show that vg)' is 64 mV, where the highest error in Fig. 14 is
2.25%. vso) in [15] is lower at 20 mV because Ry in [15] is
only 230 m€, which requires a bulkier Ly.

Lx=10mH R.=110 Q Vs when Py > Piogs
Cswerny=8pF  vo=14V
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Fig. 13. Static loss-limited output threshold across switching frequency.
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Fig. 14. Static loss-limited output threshold error (compared with simulations).

IV. EFFECTS OF TEMPERATURE

Figure 15 plots vop, VoL, and trip-point vrgip of an optimally
sized inverter under different supply voltages vs at 0°C, 27°C,
and 85°C when normalized to the thermal voltage V.. When vg
is below vw ), Von equals vor, so the inverter cannot invert and
cannot function. When vg is higher than v, vou is higher
than vor. So the inverter can trip and the oscillator can
function. Simulations at these three temperatures match and
show that vy ) is 1.69V, to 1.76V,. During wake-up, Mg is in
sub-threshold, where current is largely the result of diffusion.
So Rumg falls as temperature climbs, which means i k) and
Ey(pk) 1ise. Vw (o) therefore drops when temperature climbs.

Since wake-up requires an Lx with a Ry that is high and
climbs with temperature, static operation suffers the same R;.
vsxy) and vg, therefore rise with temperature. Table I
summarizes the input source voltage thresholds and their
simulated temperature coefficients (TCs).

V. CONCLUSIONS

This paper theorizes the minimum input source voltage vs for

switched-inductor boost converters with and without a
charged battery. Theory shows that without a charged battery,
boost converters can wake with 44 mV, but not output power
until vg is 268 mV. With a charged battery, they can transfer
energy with 4.6 mV, but cannot output power until vg is 64
mV. Simulations using 0.18-um CMOS validate this theory.

= 5.00 Simulated at 0°C, 27°C, and 85°C

= 3.75 vwe = 173V, i vou

g 2.50 5 VIRIP . *
=5 1.25 .V()L

> O.OO~O 1 »

Fig. 15. Simulated vou, VoL, and vrrip across vs at 0°C, 27°C, and 85°C.

Table I: VOLTAGE THRESHOLDS AND TEMPERATURE COEEFFICENTS (TCS)

Yw) Yw©) Vs Vsx) Vs(0) Unit
Theory 27°C 42.5 280 0 4.36 63 mV
Simulated 27°C 44 268 0 4.6 64 mV
Error 3.4% 4.5% 0 52% | 1.6%
Simulated TC 150 -700 0 20 90 uv/eC

*Rs=350Q, Ly =10 mH, R, =110 Q at 27°C, and Cswiv) = 8 pF.

ACKNOWLEDGMENT

The authors thank Drs. A. Blanco, O. Lazaro, and J. Morroni
and Texas Instruments for their sponsorship and support.

REFERENCES

[1] T. Torfs, et al., "Low Power Wireless Sensor Network for Building
Monitoring," in [EEE Sensors Journal, vol. 13, no. 3, pp. 909-915, 2013.

[2] S. Sarkar and S. Misra, "From Micro to Nano: The Evolution of Wireless
Sensor-Based Health Care," in /[EEE Pulse, vol. 7, no. 1, pp. 21-25,2016.

[3] C.C. Enz, et al., "WiseNET: an ultralow-power wireless sensor network
solution," in Computer, vol. 37, no. 8, pp. 62-70, 2004.

[4] V. Raghunathan, et al., "Energy-aware wireless microsensor networks,"
in [EEFE Signal Processing Magazine, vol. 19, no. 2, pp. 40-50, 2002.

[S] A.A. Blanco and G.A. Rincén-Mora, "On-chip starter circuit for
switched-inductor DC-DC harvester systems," 2013 IEEE International
Symposium on Circuits and Systems, Beijing, 2013, pp. 2723-2726.

[6] A.A. Blanco and G.A. Rincén-Mora, "Energy-harvesting microsensors:
Low-energy task schedule & fast drought-recovery design," 2016 [EEE
59th International Midwest Symposium on Circuits and Systems, Abu
Dhabi, 2016, pp. 1-4.

[7] N. Sze, et al., "Threshold Voltage Start-up Boost Converter for Sub-mA
Applications," 4th IEEE International Symposium on Electronic Design,
Test and Applications, Hong Kong, 2008, pp. 338-341.

[8] C.Engz, et al., "An analytical MOS transistor model valid in all regions of
operation and dedicated to low-voltage and low-current applications", in
AISCP, vol.8, pp. 83-114, 1995.

[9] E. Vittoz, "Weak Inversion for Ultimate Low-Power Logic," in Low-
Power Electronics Design, C. Piguet, Ed. CRC Press, 2005.

[10] Y. Teh and P.K.T. Mok, "Design of Transformer-Based Boost Converter
for High Internal Resistance Energy Harvesting Sources With 21 mV
Self-Startup Voltage and 74% Power Efficiency," in IEEE Journal of
Solid-State Circuits, vol. 49, no. 11, pp. 2694-2704, 2014.

[11] J. Matiko, and S. Beeby, "Applications of Energy Harvesting
Technologies in Buildings," Artech House, pp. 17-18, 2017.

[12] R.D. Prabha and G.A. Rincén-Mora, "Maximizing Power-Transfer
Efficiency in Low-Power DC-DC Converters," in IET Electronic Letters,
vol. 51, no. 23, pp. 1918-1920, 2015.

[13] A.A. Blanco and G.A. Rincén-Mora, "Compact Fast-Waking Light/Heat-
Harvesting 0.18-um CMOS Switched-Inductor Charger," in [EEE
Transactions on Circuits and Systems I: Regular Papers, vol. 65, no. 6,
pp. 2024-2034, 2018.

[14] S.S. Amin and P.P. Mercier, "MISIMO: A Multi-Input Single-Inductor
Multi-Output Energy Harvesting Platform in 28-nm FDSOI for Powering
Net-Zero-Energy Systems," in /EEE Journal of Solid-State Circuits, vol.
53, no. 12, pp. 3407-3419, 2018.

[15] E.J. Carlson, et al., "A 20 mV Input Boost Converter With Efficient
Digital Control for Thermoelectric Energy Harvesting," in IEEE Journal
of Solid-State Circuits, vol. 45, no. 4, pp. 741-750, 2010.





<<
  /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


