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Letters

Switching Transition Modeling of eGaN HEMT in Power Converters

Guidong Zhang , Member, IEEE, Yuanhang He, Samson Shenglong Yu , Member, IEEE,
Yun Zhang , and Chi K. Tse , Fellow, IEEE

Abstract—Selection of power switch driver resistance is crucial
for power converter design, and an improper resistance value can
lead to reduced efficiency and undesired operational behavior such
as overvoltage and false turn-ON. To select appropriate resistance,
this letter proposes an accurate switching transition modeling
method for switches in dc–dc converters, which can help guide
engineers design switch drivers. For a converter with multiple
components, i.e., a high-order converter system, the traditional
analytical methods become very complex due to a large number of
operating modes. To alleviate this problem, in the proposed model-
ing method, all nonlinear switches are modeled as linear systems,
and various operating modes are combined into one mode in the
proposed model. With the simplified mode, the driver parameters
can be easily obtained. To verify the proposed model, we take the
enhanced gallium nitride high-electron-mobility transistor (eGaN
HEMT) high-order dc–dc converter as an example for experimen-
tation. The eGaN HEMT is highly sensitive to parasitic parameters
and switching frequency, and thus, the high-order converter can
demonstrate the ease of design with the proposed modeling method.
Experiments on a Z-source converter and a quadratic-boost con-
verter validate the feasibility of the proposed modeling method.

Index Terms—Accurate switching modeling, enhanced gallium
nitride high electron mobility transistor (eGaN HEMT), high-order
dc–dc converter.

I. INTRODUCTION

A S A representative wide band-gap semiconductor device,
gallium nitride high electron mobility transistors (GaN

HEMTs) have been deployed in a variety of applications, such
as fast charging of electronic appliances and electric vehicles,
grid-interfacing of renewable energy sources, data storage sys-
tems, and 5G equipment [1]. Compared to Si MOSFET, GaN
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HEMT conducts by 2-D electron gas, which has lower para-
sitic capacitance, lower ON-state resistance, and zero reverse
recovery charge. These characteristics make GaN HEMT have
faster switching speed, lower switching loss, and less ON-state
loss. GaN HEMT can well reduce the size and increase the
efficiency of converters, which further increases the power
density.

Unfortunately, due to GaN HEMT’s faster switching speed
during turn-ON and turn-OFF periods, the change of drain-to-
source voltage (vds) and drain-to-source current (id) of GaN
HEMT is much faster than Si MOSFET. This causes interferences
to the gate–source voltage (vgs). On the other hand, GaN HEMTs
have a much narrower gate–source voltage range and lower
threshold voltage (Vth) than Si MOSFET. A smaller Vgs,max range
can cause overvoltage during the turn-ON transition for the
GaN HEMT, and a smaller Vth range can lead to false turn-ON

during the turn-OFF switching transition. These problems are
more prominent in high-order dc–dc converters because of their
complex parasitic parameters.

Therefore, driver circuits for converters with GaN HEMTs
require more sophisticated design. Using appropriate pull-up
and pull-down gate resistances to limit the speed of turn-ON and
turn-OFF processes is a common approach, wherein a trial-and-
error process is required to identify the optimal driving pattern.
However, this procedure is arduous and usually inaccurate due
to the existence of nonlinear parameters [2]. Admittedly, opti-
mizing the driver circuit, the driver IC and the control method
can achieve optimal driving [2], [3], but system complexity and
design expense are further aggravated.

For easier use of GaN devices, it is necessary to develop
an accurate and simple model for power electronics engineers
to analyze the change of vds, id, and vgs. Some models have
been proposed to analyze the switching process and loss for
Si MOSFET [4]. However, due to the nonlinear parameters, high
frequency resistance, parasitic inductance, and large current and
voltage slew rates of the GaN HEMT, these models cannot be
applied to GaN devices. In recent years, numerous research
attempts have been made in this research field. An accurate
analytical model for GaN devices has been proposed in [5], but
this model is only applicable to the D-mode (or cascode) GaN
HEMT. Some analytical switching models of low-voltage eGaN
HEMTs have been proposed [6], [7], wherein the models are
simulated and tested with the buck converter and synchronous
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Fig. 1. (a) Topology of the boost converter. (b) Equivalent circuit of the boost
converter with VCCS considering parasitic parameters.

Fig. 2. (a) Key waveforms of the boost converter in one cycle. (b) Waveforms
and equivalent processes of the boost converter during a switching transition.

buck converter, but driver circuits have not been analyzed. Also,
these models are not suitable for high-order dc–dc converters.
In [8], mathematical models have been proposed to analyze the
gate-to-source voltage, and experiments on a double-pulse test
platform have been conducted. However, practical applications
of high-order dc–dc converters are much more complicated than
the simplified experimental platform.

In view of the lack of research in eGaN HEMT modeling
and parameter design, this letter proposes an accurate general-
ized method for eGaN HEMT in dc–dc converters to describe
the switching transitions. By comparison, this model is much
simpler yet with the same level of accuracy as the extensive
trial-and-error methods, and only one set of equations is needed
to analyze the slew rate of vds, id, and vgs for the eGaN HEMT
during a switching transition.

The rest of this letter is organized as follows. The eGaN
HEMT is modeled in Section II. The proposed model is ana-
lyzed in Section III. In Section IV, experiments on quasi-boost
converter (QBC) and Z-source boost converter (ZSC) converters
are conducted for proof-of-concept verification. Finally, Section
V concludes this letter.

II. MODELING OF EGAN HEMT AND DIODES

Fig. 1 shows the topology of the boost converter and its
equivalent circuit with the proposed model, and Fig. 2(a) shows
the key waveforms of the boost converter in one switching
cycle. During a switching transition, capacitors and inductors
can be regarded as ideal voltage and current sources. In order
to make the model simpler and more suitable for high-order
converters, semiconductors are modeled as the combination

Fig. 3. (a) Curve-fitting results of nonlinear capacitances. (b) Curve-fitting
results of nonlinear forward characteristics currents.

of a voltage-controlled current source (VCCS) and capacitors.
Considering the interference from the power loop to the driver
circuit, the following equations can describe the driver circuit:

diG

dt
=

Vdrive − vgs −RGiG − LCS
did+diG

dt

LG
(1)

dvgs

dt
=

iG + Crss
dvds
dt

Ciss
(2)

where Vdrive represents the driver supply voltage, and Vdrive =
0 in the turn-OFF period of eGaN-HEMT, RG and LG represent
the total resistance and parasitic inductance of the driver circuit,
respectively, and LCS is the common inductance of the driver
loop and power loop.

There are some nonlinear parameters in this model, namely,
the nonlinear junction capacitance of diode and eGaN HEMT:
CJ, Cgs, Cgd, and Cds, and the forward characteristic currents of
eGaN HEMT and diode: ich and iF. Their relationship is obtained
using the MATLAB curve-fitting tool with the parameters pro-
vided by the datasheets in [9] and [10]. The curve-fitting results
are shown in Fig. 3, where the input capacitance Ciss = Cgs +
Cgd, which can be treated as a constant, the output capacitance
Coss = Cds + Cgd, and the reverse transfer capacitance Crss =
Cgd. The relationship between the channel current and voltage
can be obtained by superimposing multiple Gaussian models

ich = f(vgs) =
n∑

n=1

ane
−
(

vgs−bn
cn

)2

(3)

iF = f(−vD) =

n∑

n=1

ane
−
( −vD −bn

cn

)2

. (4)

Fig. 2(b) shows the waveforms and equivalent processes of the
boost converter during a switching transition. A turn-ON switch-
ing transition can be divided into two stages, and a turn-OFF

switching transition can be divided into three stages.
Stage I (t0 ∼ t1): vgs rises to Vth, id and ich start rising,

Coss starts discharging, and vds falls. Meanwhile, CJ starts being
charged, and vD rises, so iF falls.

Stage II Case 1 (t1 ∼ t2): vD rises to −VD,th, so iF drops to
zero, and the diode is turned OFF. At the same time, vds keeps
falling. At t = t2, vds drops to zero and remains constant, and
ich = id. The turn-ON switching transition is completed.

Stage II Case 2 (t1 ∼ t2): vds drops to zero, and once vD rises
to −VD,th, iF drops to zero. The turn-ON switching transition is
completed, and vD continues to rise.
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Stage III (t3 ∼ t4): vgs drops to the platform voltage VP, ich

starts falling, and Coss starts being charged. At the same time,
CJ starts discharging, so vD and id fall.

Stage IV (t4 ∼ t5): vD drops below −VD,th, and iF rises from
zero. At the same time, id keeps falling, and vds keeps rising.

Stage V Case 1 (t5 ∼ t6): vgs drops to below Vth, and the
channel of the eGaN HEMT is closed, so ich drops to zero. At
the same time, vD continues to fall, and iF keeps rising. When
vD drops to −Vr, the turn-OFF switching transition is completed.

Stage V Case 2 (t5 ∼ t6): vD drops to −Vr, the channel of
diode is fully open. At the same time, vgs and ich continue to fall.
When vgs drops to below Vth, the turn-OFF switching transition
is completed.

In the proposed model, the difference among multiple stages
is the channel switching states of the eGaN HEMT and the diode.
By using multiple Gaussian models to describe the channel
current, the function relationship between voltage and current
is continuous and linear, so multiple switching transition stages
can be combined into one stage.

III. ANALYSIS OF HIGHER ORDER CONVERTERS

In [6] and [7], the buck converters is used as an example
to analyze the switching process of the eGaN HEMT, but the
buck converter model has only a few variables and low com-
plexity. For high-order dc–dc converters, a systematic analysis
method is needed. Here, QBC and ZSC are used as examples for
illustration.

A. Step I: Identify Converter’s Variables

In this model, during a switching transition, inductors and
capacitors are regarded as a constant independent source, and
the input and output voltages are assumed constant. In Fig. 1,
the variables of diode consist of vD , iD , and iF , and the variables
of eGaN HEMT comprise vds, id, ich, iG , and vgs. The numbers
of variables for QBC and ZSC are 14 (= 3× 3 + 5) and 11
(= 3× 2 + 5), respectively. Here, iG and vgs can be solved by
(1) and (2).

B. Step II: Apply Loop Current Method

Considering the parasitic parameters of the circuit, the loop
current method can be applied for analysis. The number of
equations of loop current method is b− n+ 1, where b andn are
the numbers of branches and nodes of the converter, respectively.
Topologies and equivalent circuits of QBC and ZSC are shown
in Fig. 4. The numbers of loop current equations for QBC and
ZSC are both 4 (= 7− 4 + 1). The process of the independent
current source (inductor) can be divided into two types. Take the
reference loop selected in Fig. 4(c) and (d) as an example. Type
I is the current source in a single loop, such as IL1 in Fig. 4(c)
and IL1 and IL2 in Fig. 4(d). For this type of current source,
the magnitude of the loop current is equal to the magnitude of
the current source. Type II is the current source in a double
loop, and a classic analysis method for this type of component
is introducing a new variable, i.e., the voltage of current source.

Fig. 4. (a) Topology of QBC. (b) Topology of ZSC. (c) Equivalent schematic
of QBC. (d) Equivalent schematic of ZSC.

Fig. 5. (a) Equivalent circuit of QBC during switching. (b) Equivalent circuit
of ZSC during switching. (c) Loops in the equivalent circuit of QBC. (d) Loops
in equivalent circuit of ZSC.

But this method is not applicable for this model because voltage
change occurs on the inductor during the switching process.

C. Step III: Model the Overall Converter

In the power loops, the number of differential equations for
voltage is the sum of the number of eGaN HEMT and diodes,
and the number of current differential equations is the difference
between the number of loops and the number of inductors.
According to Fig. 5, the state equations for QBC during the
switching transition are written as

dvD1

dt
=

iF1 + iloop1 − IL1

CJ1
(5)

dvD2

dt
=

iF2 − iloop1

CJ2
(6)

dvD3

dt
=

iF3 + iloop2

CJ3
(7)

dvds

dt
=

iloop1 + iloop2 + IL2 − ich

Coss
(8)

diloop1

dt
=

−vD1 + vD2 − vds + VC1 − Lloop12
diloop2

dt

Lloop1
(9)
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Fig. 6. Equivalent processes during turn-ON and turn-OFF switching transitions
for (a) QBC and (b) ZSC.

diloop2

dt
=

Vout − vD3 − vds − Lloop12
diloop1

dt

Lloop2
. (10)

The equations for ZSC during the switching transition are shown
as follows:

dvD1

dt
=

iF1 − iloop1

CJ1
(11)

dvD2

dt
=

iF2 + iloop2

CJ2
(12)

dvds

dt
=

iloop2 − iloop1 + IL1 + IL2 − ich

Coss
(13)

diloop1

dt
=

Vin + vD1 + vds − VC1 − VC2 + Lloop12
diloop2

dt

Lloop1
(14)

diloop2

dt
=

Vout − vD2 − vds + Lloop12
diloop1

dt

Lloop2
(15)

where iloop1 and iloop2 are the current in the two loops, Lloop1

and Lloop2 are the parasitic inductances in the two loops. Term
Lloop12 is the common parasitic inductance of different loops.
The switching transition process and the model of the eGaN
HEMT Q, and diode D1, D2, and D3 are shown in Fig. 6. When
the switching process is completed, semiconductor devices will
enter the ringing period. Due to the high-frequency oscillations
of current and skin effect, high-frequency oscillation resistance
Rloop is generated in the power loop. Thus, resistance Rloop is
incorporated in (9), (10), (14), and (15).

IV. EXPERIMENTAL VALIDATION AND DISCUSSIONS

To verify the effectiveness of the proposed method, QBC
and ZSC are tested with different values of gate resistances,

Fig. 7. (a) Experimental platform. (b) Converter test prototypes.

which are compared with the analytical results. The experimen-
tal platform and the converter prototypes are shown in Fig. 7.
Theoretical and experimental results are presented in Fig. 8.
The theoretical results are plotted by solving the differential
equations, i.e., the model proposed in this letter, with the built-in
Runge–Kutta solver in MATLAB. The simulation results are
obtained in LTspice. The value of loop parasitic inductance in
the differential equation can be extracted by the ANSYS Q3D
Extractor. LLoop1 and LLoop2 consist of the parasitic inductance
of the current measurement loop, the device package, and the
printed circuit board. LLoop12 is the parasitic inductance of the
current measure loop and the device package. LLoop1 ≈ 43 nH,
LLoop12 ≈ 25 nH, and LLoop2 ≈ 45 nH in (9) and (10), and
LLoop1 ≈ 47 nH, LLoop12 ≈ 30 nH, and LLoop2 ≈ 50 nH in (14)
and (15). Due to the influence of high-frequency oscillation
resistance and other driver parameters, some differences are
observed between experimental results and theoretical analysis,
i.e., the results from the proposed model. From Fig. 8(a), (b),
and (f), we can see that compared to the simulation results (from
LTspice), the results of the proposed model (from MATLAB) are
more consistent to the experimental results.

As indicated by the blue words in Fig. 8(b) and (d), with the
given voltage and current stresses, for QBC, smaller values of
Roff may lead to false turn-ON. Inversely, for ZSC, bigger values
of Roff may lead to false turn-ON. The relationship between the
voltage spike of vgs and resistance Roff is not monotonic, which
is caused by the nonlinear junction capacitance. A large Roff,
while reducing the dvds

dt in (2), may increase the current across
the turn-OFF resistor, leading to false turn-ON.

In Fig. 8(c), experimental results and analytical results have
displayed some discrepancy because in the turn-ON transition of
ZSC, the output voltage of the dc power source Vin has produced
a voltage spike, as shown in Fig. 8(e). The input voltage changes
cause vD1 to be clamped, thus preventing any quick shutdown.
The rise of id becomes slower so that there is no large LCS

did
dt

on the common source inductance, i.e., there is no vgs spike.
For faster switching speed and smaller switching loss, a smaller
resistance Ron can be chosen.

According to Fig. 8, in order to avoid overvoltage and false
turn-ON, while improving the switching speed to pursue higher
efficiency, for QBC, the most reasonable range ofRon is between
5 and 10 Ω, and Roff between 10 and 15 Ω. For ZSC, the most
reasonable values of Ron and Roff are both 1 Ω. Fig. 9 shows
the efficiency bar-charts of QBC and ZSC with various driver
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Fig. 8. Comparisons between analysis results (red line) and experiment results (black line). (a) QBC during turn-ON process. (b) QBC during turn-OFF process.
(c) ZSC during turn-ON process. (d) ZSC during turn-OFF process. (e) Turn-ON switching process of the ZSC. (f) Comparisons between simulation results (red line)
and experimental results (black line) of the QBC.

Fig. 9. Efficiency bar charts of (a) QBC and (b) ZSC with various driver
resistances.

resistances. Comparing Figs. 8 and 9, a reasonable set of drive
resistances can be chosen to ensure that the gate to source of
eGaN HEMT is not damaged, and to improve the efficiency.
When Roff = 5 Ω and Roff = 15 Ω in Fig. 9(a), for eGaN HEMT,
faster switching speed may result in lower efficiency.

V. CONCLUSION

In this letter, an accurate and simple modeling and parameter
design method is proposed to describe the switching transitions
of the eGaN HEMT. The proposed modeling method reflects
the actual relationship between false turn-ON and turn-OFF re-
sistances, and maybe the efficiency is negatively affected by
switches’ high switching speed. The effectiveness of this method
has been verified by experimental results. The proposed model-
ing and design method can replace the traditional trial-and-error
method and help select appropriate driver parameters with ease.
It can also facilitate power electronics researchers and engineers
to analyze the dynamics of the driver circuits with various driver

resistances. However, there are some limitations of the model.
Since the initial value of vgs during the turn-ON transition is the
threshold voltage Vth and during the turn-OFF transition, it is the
platform voltage VP, the model cannot be used to analyze the
entire process of the change of vgs. Hence, this model cannot be
used to optimize the dead-time of the eGaN HEMT. There are
some other factors that affect the accuracy of the method, which
mainly include the following aspects.

1) In the model proposed in this study, the output voltage of
dc power source has some unwanted chatterings.

2) The actual inductance current and the capacitance voltage
in the experiment may differ from the values calculated from the
mathematical model. This may result in a discrepancy between
the accuracy of the theoretical analysis and the experimental
results.

3) Compared with the models proposed by other scholars,
this model neglects the voltage delay of the driver IC, the output
characteristics, and the dynamic change of threshold voltage of
the eGaN HEMT.

Each of these aspects can have an impact on the accuracy of
modeling approach to some degree. In our future work, these
contributory factors will be further investigated to construct a
more resilient and realistic model.

REFERENCES

[1] N. Kaminski, “State of the art and the future of wide band-gap devices,”
in Proc. IEEE 13th Eur. Conf. Power Electron. Appl., 2009, pp. 1–9.

[2] W. J. Zhang et al., “A smart gate driver IC for GaN power HEMTs
with dynamic ringing suppression,” IEEE Trans. Power Electron., vol. 36,
no. 12, pp. 14 119–14 132, Dec. 2021.

[3] H. C. Dymond et al., “A 6.7-GHz active gate driver for GaN FETs
to combat overshoot, ringing, and EMI,” IEEE Trans. Power Electron.,
vol. 33, no. 1, pp. 581–594, Jan. 2018.



4256 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 38, NO. 4, APRIL 2023

[4] J. Wang, H. S.-H. Chung, and R. T.-H. Li, “Characterization and experi-
mental assessment of the effects of parasitic elements on the MOSFET
switching performance,” IEEE Trans. Power Electron., vol. 28, no. 1,
pp. 573–590, Jan. 2013.

[5] X. Huang, Q. Li, Z. Liu, and F. C. Lee, “Analytical loss model of
high voltage GaN HEMT in cascode configuration,” IEEE Trans. Power
Electron., vol. 29, no. 5, pp. 2208–2219, May 2014.

[6] K. Wang, X. Yang, H. Li, H. Ma, X. Zeng, and W. Chen, “An analytical
switching process model of low-voltage eGaN HEMTs for loss calcu-
lation,” IEEE Trans. Power Electron., vol. 31, no. 1, pp. 635–647, Jan.
2016.

[7] J. Chen, Q. Luo, J. Huang, Q. He, and X. Du, “A complete switching
analytical model of low-voltage eGaN HEMTs and its application in
loss analysis,” IEEE Trans. Ind. Electron., vol. 67, no. 2, pp. 1615–1625,
Feb. 2020.

[8] B. Li et al., “Modeling and analysis of bridge-leg crosstalk of GaN
HEMT considering nonlinear junction capacitances,” IEEE Trans. Power
Electron., vol. 36, no. 4, pp. 4429–4439, Apr. 2021.

[9] Innoscience, “INN650D140 A 650 V GaN Enhancement-mode Power
Transistor.,” [Online]. Available: https://www.innoscience.com

[10] Cree, C3D10060 A Silicon Carbide Schottky Diode. [Online]. Available:
https://www.wolfspeed.com

https://www.innoscience.com
https://www.wolfspeed.com


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


