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Abstract—The reliability of gate oxides in SiC MOSFETSs has
come under increased scrutiny due to reduced performance under
time dependent dielectric breakdown and increased threshold
voltage instability. This paper investigates how 10% gate voltage
(Ves) derating in SiC MOSFETs can be implemented with
minimal impact on loss performance. Using experimental
measurements and electrothermal simulations of power
converters, the trade-off between reduced Vs and conversion loss
is investigated. It is shown that 10% Vs de-rating increases the
ON-state resistance by 10% and the turn-ON switching energy by
7% average while the turn-OFF switching energy is unaffected.
The low temperature sensitivity of the ON-state losses in SiC
MOSFET: can be exploited since the rise in junction temperature
due to Vs derating is marginal, unlike Si devices where ON-state
resistance rises significantly with temperature. The load current
and switching frequency influences the effectiveness of Vgs
derating. It is also shown that reducing the gate drive output
impedance can compensate for Ves derating at high switching
frequencies, with reduced total loss penalization. This may be
important for protecting the gate oxide and enhancing its
reliability.
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Modeling, Reliability
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I. INTRODUCTION

The reliability of the gate oxide of SiC MOSFETSs have been
the subject of different studies in the recent years [1-4]. The
main challenge of SiC MOSFETs is the existence of carbon [5,
6], resulting in an increased trap density in the oxide and at the
interface. This makes the SiC/SiO; interface of SiC MOSFETs
more complex than the Si/SiO; interface in Si MOSFETs and
IGBTs.

Studies show that the performance in Time Dependent
Dielectric Breakdown (TDDB) tests of SiC MOSFETs is lower
than for Si IGBTs and heavily dependent on the manufacturer
[7]. Another issue is the threshold voltage instability under gate
bias stress also called Bias Temperature Instability (BTI) [3].
This results in parameter drifts [8, 9] that may have serious
reliability implications in the case of parallel devices with
uneven threshold voltage (V7) shift [10]. Studies in [3] indicate
that some vendors have a high dispersion of V7 shift after gate
bias stress, even using the rated gate voltage values. Some
challenges have been addressed and the reliability of the new
generation devices is improved compared to the previous
generations of SiC MOSFETs [7, 11], however they still lag
behind MOS gated silicon devices.
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A key parameter for the reliability of SiC MOSFETs is the
selected gate driver voltage. On one hand, a high gate voltage is
recommended to reduce the ON-state resistance and improve the
performance of the device during conduction. On the other hand,
a high gate voltage results in higher stresses on the gate oxide,
which may result in a reduced lifetime. Reducing the gate
voltage may result in an increased lifetime of the gate oxide,
with a penalization in the performance of the device. Given the
superior properties of SiC power devices [12], evaluating and
benchmarking the performance of SiC MOSFETs using reduced
gate driver voltages may still result in a superior performance in
the application. This paper presents a study of the implications
of reducing the gate driver voltage in SiC MOSFETs. A fully
electrothermal model, based on the extensive experimental
characterization of the SiC MOSFET under study is used to
benchmark impact of a reduction of 10% of the gate driver
voltage on the performance of a grid-connected converter in
different scenarios, including the impact of the switching
frequency and the load current.

II. SIC MOSFET CHARACTERIZATION

The device evaluated in this study is a 900 V SiC planar
MOSFET from Cree/Wolfspeed with datasheet reference
C3M0065090D and a current rating of 23 A at a case
temperature of 100 °C. The recommended gate driver voltage
for this device is 15 V.

A. ON-state resistance

In the voltage range of 900 to 1200 V, the channel resistance
Rcn plays a fundamental role in the total ON-state resistance
Rps.on of SiIC MOSFETs, which can be approximated by (1).
The other main components are the channel resistance (Rcw),
resistance of the drift blocking layer Rprirr and the resistance of
the JFET region Ryrer [13].

Rps—on = Rey + Rpripr + Ryper (D

The channel resistance is gate voltage dependent and a high
gate source voltage Vs is required for minimizing its value, as
shown in (2) [3, 13], where L is the length of the channel, W is
the width of the channel, u is the mobility ,Cox is the gate oxide
capacitance density, Vs is the applied gate source voltage and
Vry is the threshold voltage
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The impact of the gate voltage is not only in the nominal
Rpson. It also affects its temperature sensitivity. Fig. 1 shows
the normalized ON-state resistance of different 1200 V SiC and
Si MOSFETs, of a similar current rating of around 20 A at case
temperature of 25 °C. It can be observed that for a gate voltage
of 17 V, the temperature sensitivity of SiC MOSFETs is lower,
especially in the case of the 1% generation SiC MOSFET. This
is caused by the different temperature coefficients of the
resistances in (1), negative for Rcy and positive for Rpgsrr and
RJFET [14]
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Fig. 1 Normalized ON-state resistance as function of temperature for
different Si and SiC MOSFETs [8]

Evaluating an earlier generation SiC MOSFET with a similar
current rating than the selected 3™ generation SiC MOSFET, the
role of the gate driver voltage on Rps.ow is particularly important.
Fig. 2(a) shows that the 1* generation devices required a gate
voltage in the range of 16-20 V to operate in well-defined
Positive Temperature Coefficient (PTC) region. The selected 3
generation SiC MOSFET operates in a positive temperature
coefficient at gate voltages of 10-15 V, as the measurements in
Fig. 2(b) indicate. However, the temperature sensitivity of the
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Fig. 2 Impact of gate driver voltage and temperature on the ON-state
resistance: (a) First generation 1200 V/80 mQ SiC MOSFET
(b) Third generation 900 V/65 mQ SiC MOSFET

ON-state resistance reduces as Vgsis reduced. This is critical for
paralleling devices without the risk of thermal runaway [10, 14].

B. Switching transients

Reducing the gate voltage will also affect the switching
transients, which can be characterized using a conventional
double pulse test setup [15, 16], as shown in Fig. 3.

L
Y YY)
D
H N
C p BT a;_ \‘DUT
VDCC—) prm— G “"_‘ ,|
VGG‘ \\._/,

Fig. 3 Double pulse test circuit [15]

The Device Under Test (DUT) is the SiC MOSFET
C3MO0065090D and the switching transients were characterized
for a set of load currents (10 A and 20 A) at different case
temperatures. The case temperatures were adjusted using a small
DC heater attached to the case of the device, allowing enough
time to reach thermal equilibrium, hence the chip temperature
can be assumed equal to the case temperature. The clamping
diode D in Fig. 3 is a 650 V SiC Schottky with datasheet
reference C3D10065A.

The measured turn-ON and turn-OFF transients for a load
current of 10 A, temperature 7 of 25 °C and DC link voltage Vpc
0f' 400 V are shown in Fig. 4.
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Fig. 4 Impact of gate driver voltage on the switching transients.
V=400 V, I,04p= 10 A, R =100 Q, T=25 °C
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The measurements in Fig. 4 were performed using gate
driver voltages Vg of 13.5 V and 15 V and an external gate
resistance R of 100 Q. The gate driver is unipolar, meaning
that the turn-OFF voltage is 0 V. From the switching transients
it is clearly observed that the turn-ON transient is affected by the
reduction of the gate driver voltage whereas there are no
noticeable changes in the turn-OFF switching rates.

Equations (3) to (6) are useful to understand the switching
transients [13]. Vg is the gate driver voltage, Vep is the gate
voltage plateau, Rs is the total gate resistance (sum of the
internal gate resistance of the device and the external gate
resistance R¢™7), Cgs and Cgp are the gate-source and gate drain
parasitic capacitances, /7y is the threshold voltage and g, is the

transconductance of the device.

4Vps-on _ _ Vec—Vgp

observed that the penalization because of the reduction of the
gate driver voltage will be in the turn-ON switching energy, as
the turn-OFF switching energy will be gate driver voltage
independent.

The turn-ON measurements for a load current of 20 A at a
temperature of 75 °C are shown in Fig. 5, including the turn-ON
energy, turn-ON d//dt and turn-ON delay time. Fig. 6 shows the
corresponding measurements for turn-OFF. From these results
it is clearly observed that the penalization of reducing the gate
driver voltage a 10% will be on the turn-ON energy, especially
when using large gate resistances. The turn-ON and turn-OFF
delay times were calculated according to [17, 18]. The delay
times are important when high switching frequencies are
required, as they define the required dead time [18]. From the
results in Fig. 5(c) and Fig. 6(c) it can be observed that reducing

at RaCop 3) the gate voltage increases the turn-ON delay and reduces the
. turn-OFF delay. In this case, the total delay can be considered
Ip—on = 9m [VGG (1 _ e__Rg(C465+CGD)) _ VTH] 4) Ve invariant, hence the impact of reducing V¢ on the dead time
can be neglected.
4Vps-orr _ _VeP (5)
dat  ReCop III. MODEL DEVELOPMENT
_ ¢ With all the previous considerations, it is important to
Ip_orF = Gm [VGP (e RG(CGS+CGD)) - VTH] (6) evaluate how the reduction of the gate driver voltage will affect

Equations (3) and (4) correspond to turn-ON while equations
(5) and (6) correspond to turn-OFF. As can be seen in equations
(3) and (4), Vg is directly proportional to the turn-ON voltage
and current switching rates (dVps/dt and dipg/dt). At turn-OFF,
as the gate drive voltage is 0 V, Vgp is the critical factor since
Vee does not appear in equations (5) and (6).From the results
shown in Fig. 4 and the analytical equations, it is clearly

the performance of a converter. Electrothermal modelling is be
important for understanding the implications of Vg reduction
on the converter’s performance. The application selected for
evaluating the performance of the device is a grid-connected 3-
phase voltage source converter, which has been implemented in
MATLAB/Simulink using the structure shown in Fig. 7. The
converter is connected to the grid using an inductive filter and

the operating conditions are DC link voltage Vpc 400 V and
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mains frequency 50 Hz. The parameters of the filter are
RFILTER: 0.15 Q and LFILTER =0.01 H.

Three-phase Voltage
Source Converter
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inverse Park | Mdgq | current control |/ da|  power P ,Q
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Fig. 7 Grid-connected 3-phase voltage source converter model
implemented in MATLAB/Simulink, including control and PWM
modulation

The measured 3-phase output voltages veas and currents izpe
of the converter are transformed to the iy, values using the Park
transformation. The required active power P" and reactive power
0" are converted to the respective iz, " current values. A current
control loop is used to adjust the required my,, which is then
converted to the abc frame wusing the inverse Park
transformation. The PWM gate signals of the converter are
modulated using the obtained m,.. The 3-phase output currents,
considering a peak current of 20 A, are shown in Fig. 8.
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Fig. 8 3-phase output current generated using the MATLAB/Simulink
model

This paper uses a fully electrothermal model where the
measured switching energies at different gate driver voltages,
load currents and temperatures are uploaded in a Look-Up-Table
(LUT). The ON-state resistance as function of the gate voltage
is circuit independent and its temperature sensitivity can be
extracted from the device datasheet and uploaded into another
LUT. The methodology for calculating the conduction and
switching losses (including load current and temperature
dependencies) is shown in Fig. 9. This methodology was used in
[19] for evaluating the use of different power semiconductor
devices in an electric vehicle powertrain inverter. Fig. 9(a)
shows how the conduction losses and the temperature
dependency are determined. First, a logic operation is executed
to verify if the MOSFET is operating in the first quadrant. If the
current i is positive, the conduction losses are calculated as the
product of the current and ON-state voltage of the MOSFET.
The ON-state voltage is calculated using a 2D-LUT, which
includes the ON-state resistance as function of temperature. Fig.
9(b) shows the methodology for calculating the turn-ON
switching losses. As shown in the conceptual representation in
Fig.10, the current across the device is pulsed as a result of the

gate signal applied, with a turn-ON energy corresponding to the
positive edge of the gate signal. The algorithm in Fig. 9(b) uses
the gate signal to detect the turn-ON edge and the corresponding
turn-ON current (isamp). A 2D-LUT is used to determine the
turn-ON energy as function of the temperature 7y and isqup. The
total switching losses are dependent of the frequency, which is
the inverse of the period 7.

Z_D Eun Pon
LUT

(b)
Fig. 9 Calculation of (a) ON-state losses and (b) turn-ON switching
losses [19]
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A similar algorithm is used for calculating the turn-OFF
losses but using the negative edge of the gate signal. The model
uses a SiC Schottky Barrier Diode (SBD) as anti-parallel device
and it is important to remark is that the temperature of the SBD
does not affect the switching losses of the SiC MOSFET [20] as
its reverse recovery is temperature independent [21].

IV. IMPACT OF GATE DRIVER VOLTAGE REDUCTION ON THE
CONVERTER OPERATION

Different parameters will influence the impact of Vgg
reduction on the efficiency of the converter, including the load
current /ro4p and the switching frequency fsw. Increased losses
from Ve reduction will cause increased junction temperature
(T)) and larger junction temperature swings (47)) during



operation, which can cause a reduction of the lifetime of the
converter due to higher thermomechanical stresses [22, 23].
However, accelerated stress tests show that reducing the gate
voltage extends the lifetime of the gate oxide [24-26], hence the
importance of evaluating the trade-offs of using a lower V.
This has been studied using the grid-connected converter (mains
frequency of 50 Hz) in Fig. 7, evaluating a reduction of the gate
driver voltage of 10%, from 15 V to 13.5 V in different operation
scenarios.

A. Impact of load current

First, the impact of the load current was investigated. For this
investigation, the switching frequency fsw was 10 kHz, the gate
resistance was 33 Q for both gate driver voltages and the case
temperature Tc4se was fixed at 60 °C. The load is purely resistive
and the Simulink control adjusted the load current to the desired
values, namely a peak current of 10 A (load power of 2.4 kW)
and peak current of 20 A (load power of 4.8 kW). The fully
electrothermal model determined the resulting power losses in
the converter and junction temperature excursions.

The junction temperature excursion for a load current of
10 A is shown in Fig. 11(a), whereas the results for a load
current of 20 A are shown in Fig. 11(b). Fig. 11(a) shows that
for a load current of 10 A, there is no significant impact of Vg
reduction on A7 (less than 0.2°C increase). However, as shown
in Fig. 11(b), if the load current is increased to 20 A, the impact
of Vs reduction becomes more apparent, causing a peak
junction temperature 7.pe4k increase of 1.3°C and the junction
temperature excursion 47 increases 1°C. This is caused by the
higher conduction losses and turn-ON switching losses, causing
the total losses to increase an 8%. As the current is increased,
the relative contribution of the conduction losses is higher, hence
the increased junction temperatures. The losses and temperature
excursions are summarized in Table I.
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Fig. 11 Impact of reducing Ve on the junction temperature excursions.
Fsw=10 kHz, Tc450=60 °C, RT=33 Q
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TABLE I: IMPACT OF GATE DRIVER VOLTAGE REDUCTION ON LOSSES AND
TEMPERATURE. METRICS FOR DIFFERENT LOAD CURRENTS (Fsp=10 KHz,
TCASE:60 OC, RGEX7:33 Q)

=10 A =20 A
Vec=15V Vec=13.5V Vee=15V Vee=13.5V
Conduction
Losses 8.69 9.52 35.55 38.76
W)
Switching
Losses 3.34 345 8.59 9.00
W)
AT,
o 32 34 12.1 13.1
(°C)
L J-PEAK 64.1 64.4 75.4 76.7
(°C)

B. Impact of switching frequency

One of the main benefits of SiC is the ability to operate at
higher switching frequencies, enabling the reduction of the
passive components and filtering requirements [12]. Hence, it is
important to evaluate the impact of Vs reduction on the
converter operation at higher switching frequencies. This has
been evaluated for load current of 20 A and a case temperature
of 60 °C, at switching frequencies ranging from 10 kHz to 80
kHz. The results for a switching frequency of 10 kHz are already
shown in Fig. 11(b) and the junction temperature excursions for
switching frequencies of 20 kHz and 60 kHz are shown in
Fig. 12. The losses and temperature excursions are summarized
in Table II.

The switching frequency has an impact on the balance
between conduction and switching losses as shown in Table I
(for the load current of 20 A) and Table II. For a switching
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Fig. 12 Impact of reducing V¢ on the junction temperature excursions.
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approximately a 20% of the total losses, however for a switching
frequency of 60 kHz they account for approximately a 59 %.

TABLE II: IMPACT OF GATE DRIVER VOLTAGE REDUCTION ON LOSSES AND
TEMPERATURE FOR DIFFERENT SWITCHING FREQUENCIES
(ILOAD = 20 A, TCASE:6O OC, RGEX7:33 Q)

Sfsw=20 kHz fsw=60 kHz
Vee=15V Vec=13.5V V=15V Vec=13.5V
Conduction
Losses 35.84 39.05 36.55 39.73
W)
Switching
Losses 17.15 17.97 51.49 53.87
W)
AT,
o 14.1 15.2 22.7 24.2
(°C)
T’;”“K 78.2 79.6 89.4 91.4
(°C)

Higher switching losses will cause a higher junction
temperature. In SiC MOSFETs the total switching energy is
temperature invariant or reduces slightly with temperature [27],
hence an increased junction temperature does not translate into
higher switching energy. For example, increasing the switching
frequency 6 times results in the switching losses increasing
approximately by the same factor (5.985 times), despite the
Tr-peax increase of 14.7 °C for a gate voltage of 13.5 V and
RAT=33 Q.

Increasing the switching frequency from 10 kHz to 60 kHz
has a minor impact on the conduction losses, caused by the
higher junction temperature. The increase of 14.7 °C results in
an increase of 2-3% of the conduction losses. Again, as shown
in Fig. 1, the low temperature sensitivity of SiC MOSFETs is
key for this. The results are summarized in Fig. 13, where the
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Fig. 13 Impact of switching frequency on
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mean junction temperature and junction temperature excursion
are plotted as function of the switching frequency.

C. Switching loss mitigation techniques

As the analysis in section 2 shows, the turn-OFF losses are
not affected by V¢ hence an option for compensating the impact
of Vge reduction can be increasing switching speeds.
Minimizing the switching losses can be particularly important if
the switching frequency is increased, as the results in Fig. 13
indicate. The most common technique of increasing switching
speeds is reducing the external gate resistance (R¢Z7). How
reduced RG*T ca be used to compensate for reduced Ve has
been evaluated for a load current of 20 A and switching
frequencies of 20 kHz and 60 kHz. In the simulations, a
converter with MOSFETs driven with Vge=15 V and R¢#7=33
Q is compared to one with MOSFETs driven with Vge=13.5 V
and Rs"A"=15 Q. The junction temperature excursion is shown
in Fig. 14 and the performance metrics are shown in Table III.
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Fig. 14 Impact of switching loss improvement at reduced gate driver
voltages (I.04p=20 A, Tcse=60 °C) (a) fs»=20 kHz (b) fsp=60 kHz

TABLE III: IMPACT OF SWITCHING LOSS MITIGATION AT DIFFERENT
FREQUENCIES (I04p=20 A, Tcuse=60 °C)

fsw=20 kHz fsw=60 kHz
Vee=15V Vee=13.5V Vee=15V Vee=13.5V
RF"=33Q | RF*™=15Q | R"=33Q | RF"=15Q
Conduction
Losses 35.84 38.94 36.55 39.35
W)
Switching
Losses 17.15 12.46 51.49 37.45
W)
AT,
o 14.1 13.9 22.7 20.1
(°C)
T’;’EA" 78.2 77.8 89.4 85.9
(°C)




The results in Fig. 14 and Table III clearly indicate the
effectiveness of reducing the RGT as a switching loss
mitigation technique. At fs = 20 kHz, the increased conduction
losses (from lower V) are balanced with the reduced switching
losses (from lower RG"T) and the impact on the junction
temperature is compensated, with 7).pg4x decreasing -0.4 °C and
AT; -0.2 °C. This is particularly effective at higher switching
frequencies, as the results for fo»=60 kHz show in Fig. 14(b).
The switching losses are dominant and reducing R improves
both turn-ON and turn-OFF switching energies, resulting
reduction of the total losses of -12.7%, and lower junction
temperatures, with 7.pg4x and AT reducing -3.5 °C and -2.6 °C
respectively.

The effectiveness of reducing the R¢"T for mitigation of the
total losses is summarized in Fig. 15, where it is clear that the
benefits of R¢*7T reduction are greater at higher switching
frequencies. The reduction of the temperature of operation is
reflected in a slight reduction of the conduction losses and the
switching losses clearly improve if a smaller R¢Z*7 is used.
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Fig. 15 Impact of reducing the gate driver voltage and gate resistance on
the converter losses at different switching frequencies
(I204p=20 A, Tcuse=60 °C) (a) Conduction loss (b) Switching loss

Other option could be a switching aid capacitor, as defined
in [28], for boosting the turn-ON voltage transient. It is also
important to mention that if different Rg*7 are considered for
turning ON and OFF the MOSFET, special attention to parasitic
turn-ON [29] is required when selecting the resistor values.

D. Gate oxide lifetime and reliability considerations

The main objective of reducing the gate driver voltage is
protecting the gate oxide and improving its lifetime. The lifetime
of the gate oxide in SiC MOSFETs is usually obtained using
accelerated stress tests and extrapolating the results obtained for
higher gate voltages to the predicted lifetime at the nominal gate
voltage. Using nominal gate voltages for extracting the lifetime
would provide a more accurate prediction but time required will

make these studies unfeasible [30]. Furthermore, the number of
parts tested is also dependent on the acceleration factor and for
obtaining the required failure metrics at stress values close to the
nominal gate voltage required very large sample numbers [30].
Examples of lifetime calculations for SiC MOSFETs are
available in [24, 26, 31]. In [31], accelerated gate stresses were
performed at different temperatures and the data indicated that
reducing the gate voltage from 20.588 V to 19.127 V improved
the predicted lifetime of the gate oxide from 10 to 20 years for a
temperature of operation of 150 °C. The studies in [24] used a
previous generation of the device evaluated in this paper and
from the lifetime projections, reducing the gate driver voltage
10% (from 20 V to 18 V) increases the lifetime approximately
3.6 times. In [26] the lifetime projections for the device
evaluated in this paper are presented. The lifetime of the gate
oxide of the C3M0065090 MOSFET, extracted from the data in
[26], increases 2.3 times, when the gate driver voltage is reduced
from 15 Vto 13.5V.

It may not only be a question of lifetime improvement. The
role BTI-induced threshold voltage in the converter operation
should also be considered, as it has been done with power
cycling [32] and SiC MOSFET electrical parameters [8, 9]. A
lower shift is expected if the device is driven with a lower Vg
[33] and this can be highly relevant for the long-term converter
operation. Preliminary studies using simulation models have
been presented in [34]. Recent investigations in [35] indicate the
importance of defining the gate driver voltage window
(maximum negative gate voltage for turning-OFF the device and
maximum positive gate voltage for turning-ON). The role of the
switching frequency is mentioned, indicating the existence a
switching induced threshold voltage shift [35]. Protecting the
gate oxide is paramount in SiC MOSFETs, but the increased
temperature of operation and temperature excursions can also
play a key role on the lifetime of the packaging. The simulations
in this investigation show a marginal temperature increase and
its impact on the lifetime of the packaging will be difficult to
quantify. Finite element simulations [36] can be paramount for
understanding the impact of these small junction temperature
changes on the packaging stresses.

V. CONCLUSIONS

Protecting the gate oxide is paramount of extending the
lifetime and reliability of SiC MOSFETs. De-rating the gate
driver voltage for protecting the gate oxide and improving the
lifetime of SiC MOSFETSs can be a suitable option, as a reduced
gate voltage improves the lifetime of the gate oxide. This paper
uses experimental measurements of conduction and switching
losses in SiC MOSFETsS driven with the recommended Vs and
90% Vs and a full-electrothermal model of a grid-connected
inverter to study the impact of Vs de-rating on performance
with the objective of protecting the gate oxide. Experimental
measurements show that reducing the gate driver voltage
increases the conduction losses and turn-ON switch losses,
whereas the turn-OFF switching losses are not affected by this
reduction. The average increase of the conduction losses is 10%
and the average increase of the turn-ON energy is 7% and the
electrothermal simulations indicate that the operating conditions
(load current and the switching frequency) have a significant
impact on what the loss penalization is.



The loss penalization increases with the load current and
switching frequency, causing a higher junction temperatures
during operation. As the switching frequency is increased, the
penalization of Vgs de-rating on conduction losses remains
constant while the loss penalization in the switching losses can
be compensated by reducing the gate resistance. The reduced
temperature sensitivity of the ON-state resistance and switching
energies in SiC MOSFETs plays a critical role in the
effectiveness of reducing the gate driver voltage for protecting
the gate oxide without incurring in a bigger loss penalization.

REFERENCES

[1] K. Puschkarsky, T. Grasser, T. Aichinger, W. Gustin, and H. Reisinger,
"Review on SiC MOSFETs High-Voltage Device Reliability Focusing
on Threshold Voltage Instability," I[EEE Trans. on Electron Devices, vol.
66, no. 11, pp. 4604-4616, 2019.

[2]  A.J. Lelis, R. Green, D. B. Habersat, and M. El, "Basic Mechanisms of
Threshold-Voltage Instability and Implications for Reliability Testing of
SiC MOSFETs," IEEE Trans. on Electron Devices, vol. 62, no. 2, pp.
316-323,2015.

[31 T. Aichinger, G. Rescher, and G. Pobegen, "Threshold voltage
peculiarities and bias temperature instabilities of SiC MOSFETs,"
Microelectronics Reliability, vol. 80, pp. 68-78, 2018.

[4] J. A.O.Gonzalez and O. Alatise, "A Novel Non-Intrusive Technique for
BTI Characterization in SiC MOSFETSs," [IEEE Trans. on Power
Electronics, vol. 34, no. 6, pp. 5737-5747, 2019.

[5] D. Dutta et al., "Evidence for carbon clusters present near thermal gate
oxides affecting the electronic band structure in SiC-MOSFET," Applied
Physics Letters, vol. 115, no. 10, p. 101601, 2019.

[6] D. P. Ettisserry, N. Goldsman, A. Akturk, and A. J. Lelis, "Effects of
carbon-related oxide defects on the reliability of 4H-SiC MOSFETs," in
SISPAD, 9-11 Sept. 2014, pp. 61-64

[71 M. Beier-Moebius and J. Lutz, "Breakdown of Gate Oxide of SiC-
MOSFETs and Si-IGBTs under High Temperature and High Gate
Voltage," in PCIM Europe, 16-18 May 2017, pp. 1-8

[8] J. O. Gonzalez and O. Alatise, "Challenges of Junction Temperature
Sensing in SiC Power MOSFETSs," in ICPE 2019 - ECCE Asia, 27-30
May 2019, pp. 891-898

[91 F. Yang, E. Ugur, and B. Akin, "Evaluation of Aging's Effect on
Temperature-Sensitive Electrical Parameters in SiC MOSFETSs," IEEE
Trans. on Power Electronics, vol. 35, no. 6, pp. 6315-6331, 2020.

[10] J. Hu, O. Alatise, J. A. O. Gonzalez, R. Bonyadi, L. Ran, and P. A.
Mawby, "The Effect of Electrothermal Nonuniformities on Parallel
Connected SiC Power Devices Under Unclamped and Clamped
Inductive Switching," IEEE Trans. on Power Electronics, vol. 31, no. 6,
pp. 4526-4535, 2016.

[11] R. Green, A. Lelis, and D. Habersat, "Threshold-voltage bias-
temperature instability in commercially-available SiC MOSFETSs,"
Japanese Journal of Applied Physics, vol. 55, no. 4S, p. 04EA03, 2016.

[12] X.She, A. Q. Huang, L. 0, and B. Ozpineci, "Review of Silicon Carbide
Power Devices and Their Applications," [EEE Trans. on Industrial
Electronics, vol. 64, no. 10, pp. 8193-8205, 2017.

[13] B. J. Baliga, Springer, Ed. Fundamentals of Power Semiconductor
Devices. Springer, 2008.

[14] G. Wang, J. Mookken, J. Rice, and M. Schupbach, "Dynamic and static
behavior of packaged silicon carbide MOSFETs in paralleled
applications," in [EEE APEC, 16-20 March 2014, pp. 1478-1483

[15] J. O. Gonzalez, R. Wu, S. Jahdi, and O. Alatise, "Performance and
Reliability Review of 650 V and 900 V Silicon and SiC Devices:
MOSFETs, Cascode JFETs and IGBTSs," IEEE Trans. on Industrial
Electronics, vol. 67, no. 9, pp. 7375-7385, 2020.

[16]

[17]
(18]

[19]

[20]

(21]

(22]

[23]

[24]
[25]

[26]

[27]

(28]
[29]

[30]

[31]

(321

(33]

[34]

[35]

[36]

Z. Zhang, B. Guo, F. F. Wang, E. A. Jones, L. M. Tolbert, and B. J.
Blalock, "Methodology for Wide Band-Gap Device Dynamic
Characterization," IEEE Trans. on Power Electronics, vol. 32, no. 12,
pp. 9307-9318, 2017.

STMicroelectronics, "AN4544 - IGBT datasheet tutorial,", 2014.
Infineon, "AN2007-4 How to calculate and minimize the dead time
requirement for IGBTs properly," 2007.

R. Wu, J. O. Gonzalez, Z. Davletzhanova, P. Mawby, and O. Alatise,
"The Potential of SiC Cascode JFETs in Electric Vehicle Traction
Inverters," IEEE Trans. on Transportation Electrification,.vol. 5, no. 4,
pp. 1349-1359, Dec. 2019

J. Hu, O. Alatise, J. A. O. Gonzalez, R. Bonyadi, L. Ran, and P. Mawby,
"Comparative electrothermal analysis between SiC Schottky and silicon
PiN diodes: Paralleling and thermal considerations," in EPE'l6 ECCE
Europe, 5-9 Sept. 2016, pp. 1-8

B. Ozpineci and L. M. Tolbert, "Characterization of SiC Schottky diodes
at different temperatures," IEEE Power Electronics Letters, vol. 1, no. 2,
pp. 54-57,2003.

R. Bayerer, T. Herrmann, T. Licht, J. Lutz, and M. Feller, "Model for
Power Cycling lifetime of IGBT Modules - various factors influencing
lifetime," in 5th International Conference on Integrated Power
Electronics Systems, 11-13 March 2008, pp. 1-6

B. Hu et al., "Failure and Reliability Analysis of a SiC Power Module
Based on Stress Comparison to a Si Device," IEEE Trans. on Device and
Materials Reliability, vol. 17, no. 4, pp. 727-737, 2017.

D. A. Gajewski et al., "SiC power device reliability," in [EEE [IRW, 9-
13 Oct. 2016, pp. 29-34

D. J. Lichtenwalner et al., "Reliability studies of SiC vertical power
MOSFETs," in IEEE IRPS, 11-15 March 2018 2018, pp. 2B.2-1-2B.2-6
D. Grider, "Recent Advances in 900 V to 10 kV SiC MOSFET
Technology," presented at the NASA Electronic Parts and Packaging
(NEPP) Program Electronics Technology Workshop, 2016

S. Jahdi, O. Alatise, P. Alexakis, L. Ran, and P. Mawby, "The Impact of
Temperature and Switching Rate on the Dynamic Characteristics of
Silicon Carbide Schottky Barrier Diodes and MOSFETSs," IEEE Trans.
on Industrial Electronics, vol. 62, no. 1, pp. 163-171, 2015.

Panasonic, "GaN-Tr Application Note (PGA26E07BA," 2019.

S. Jahdi, O. Alatise, J. A. O. Gonzalez, R. Bonyadi, L. Ran, and P.
Mawby, "Temperature and switching rate dependence of crosstalk in Si-
IGBT and SiC power modules," /EEE Trans. on Industrial Electronics,
vol. 63, no. 2, pp. 849-863, 2016.

R. Siemieniec, R. Mente, W. Jantscher, D. Kammerlander, U. Wenzel,
and T. Aichinger, "650 V SiC Trench MOSFET for high-efficiency
power supplies," in EPE '19 ECCE Europe, 3-5 Sept. 2019, pp. P.1-P.16
S. A. Ikpe et al., "Long-term reliability of a hard-switched boost power
processing unit utilizing SiC power MOSFETS," in [EEE International
Reliability Physics Symposium (IRPS), 17-21 April 2016, pp. ES-1-1-
ES-1-8

H. Luo, F. Iannuzzo, and M. Turnaturi, "Role of Threshold Voltage Shift
in Highly Accelerated Power Cycling Tests for SiC MOSFET Modules,"
IEEE Journal of Emerging and Selected Topics in Power Electronics,
vol. 8, no. 2, pp. 1657-1667, 2020.

K. Puschkarsky, H. Reisinger, T. Aichinger, W. Gustin, and T. Grasser,
"Understanding BTI in SiC MOSFETs and its impact on circuit
operation," [EEE Trans. on Device and Materials Reliability, vol. 18, no.
2, pp. 144 - 153,2018.

L. Ceccarelli, A. S. Bahman, and F. lannuzzo, "Impact of device aging
in the compact electro-thermal modeling of SiC power MOSFETSs,"
Microelectronics Reliability, vol. 100-101, p. 113336, 2019.

Infineon, "AN2018-09 Guidelines for CoolSiC™ MOSFET gate drive
voltage window," 2019.

M. Akbari, A. S. Bahman, P. D. Reigosa, F. lannuzzo, and M. T. Bina,
"Thermal modeling of wire-bonded power modules considering non-
uniform temperature and electric current interactions," Microelectronics
Reliability, vol. 88-90, pp. 1135-1140, 2018.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


