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Abstract—This letter proposes an artificial intelligence-aided
thermal model for power electronic devices/systems considering
thermal cross-coupling effects. Since multiple heat sources can be
applied simultaneously in the thermal system, the proposed method
is able to characterize model parameters more conveniently com-
pared to existing methods where only single heat source is allowed
at a time. By employing simultaneous cooling curves, linear-to-
logarithmic data re-sampling, and differentiated power losses, the
proposed artificial neural network-based thermal model can be
trained with better data richness and diversity while using fewer
measurements. Finally, experimental verifications are conducted
to validate the model capabilities.

Index Terms—Artificial intelligence, power electronic devices
and systems, thermal cross-coupling effects, thermal modeling.

I. INTRODUCTION

thermal management of power electronics [1]. With an
increasing request for higher power density and lower parasitics
in power electronic systems, a more compact power device
packaging with multichips is a trend. One of the challenges
that come with it is the thermal cross-coupling (TCC) effects
among different semiconductor chips. Junction temperature of
a chip is not only affected by its own power losses but also that
of neighboring devices. Conventional one-dimensional (1-D)
RC lumped models (e.g., Cauer and Foster models [2]) neglect
the TCC effects, and might result in misleading results for
multichip modules. Finite-element method can provide detailed
thermal results, but it is restrained to a limited time span. Beyond
multichip components, a power electronic system consisting of
multiple components also has the TCC effects [3], [4].
Thermal impedance matrix is a method to model the TCC
effects in thermal systems. However, the dimension of the
thermal matrix increases significantly with the number of heat
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sources (e.g., the number of chips). For instance, a typical
1.7-kV power module (e.g., Infineon FF1000R171E4 with 24
chips) requires a 24 x 24 thermal matrix, which imposes heavy
computation burden for long-term thermal stress estimation.
Moreover, the parameter characterization of the thermal matrix
is also time-consuming. The thermal matrix in [3] with 24 heat
sources requires 24 FEM simulations or experiments, and curve
fittings to obtain the parameters. To simplify the calculation, only
thermal resistances are considered in [3], without the thermal
capacitances which represent thermal dynamics.

Artificial neural networks (ANNSs) are used to predict life-
time of a photovoltaic system in [5]. The established work has
validated the potential of artificial intelligence-aided methods
supporting the analysis and design of power electronic systems.
However, the application of these methods to establish and
characterize a thermal model is not discussed. Thermal model
is a time-series problem essentially. Many artificial intelligence
methods have been applied to time-series applications, such as
grid phasor detection [6] and health-state estimation [7]. One of
the assumptions of these applications is that the training data and
the prediction have an identical sampling frequency. However, a
thermal model is necessary to be adaptive to different sampling
frequencies of thermal estimation (e.g., different mission-profile
resolutions). Moreover, artificial intelligence-aided methods
usually need a large number of training data to improve the
model accuracy. Thermal model characterization, however,
tends to reduce the measurement time and the number of tests.
This conflict imposes a challenge in how to obtain training data
with rich diversity while using as few measurements as possible.

This letter proposes a thermal model with the aid of an ANN
algorithm. The novel aspects are three folds: 1) the proposed
simultaneous cooling curve simplifies the thermal characteriza-
tion with less measurements, 2) the utilization of time interval
makes the trained model to be adaptive to different sampling
frequencies, and 3) the logarithmic transformation and the dif-
ferential power losses improve the data diversity.

II. CONVENTIONAL THERMAL MODEL WITH TCC EFFECTS

In a multichip power module, any device dissipating power
leads to a temperature rise not only for itself but also for neigh-
boring devices. The conventional method uses the following
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thermal matrix to consider the TCC effect:
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where AT} and P; are the temperature rise of a predefined point
(e.g., junction temperature of a chip) and power losses of the ¢th
device, respectively, and Zy,; ; is the thermal impedance.

The characterization of the thermal impedance typically relies
on cooling curves with a single power loss input at a time. For
instance, when a step power loss is applied to the first device,

ie,[P1 Py -+ P,) = [Pos 0 -+ 0], the thermal impedance
in the first column of (1) is obtained as
AT;(t

Zthi,l(t) = Tm (2)
loss

Applying the same procedure to other devices, the remaining
thermal impedance can be derived. Afterwards, each thermal
impedance is curve-fitted by the following expression as

Zthi,j (t) = Zthi,j_'U (1 _ e*t/ﬂh%,],v) (3)

where R j » and Ta; j_, are the thermal resistance and time
constant of the vth-order Foster network, respectively. The num-
ber of v is dependent on the accuracy of the fitted curve to Zy, (¢).
Third- or fourth-order network is typically employed.

Briefly, the characterization of a thermal matrix requires two
steps: 1) applying separated power loss steps to each chip to ob-
tain the thermal responses, and 2) curve-fitting for parameter ex-
traction. Two major challenges are thus involved in this process.
First, the testing time and the number of measurements increase
proportionally with the number of heat sources. For instance, a
power module with 24 chips needs 24 separated experiments.
Second, the number of Ry,—7y, parameters increases with the
square of the number of devices. If a fourth-order network is
employed (i.e., eight parameters for each thermal impedance),
the 24 x 24 thermal matrix has 4608 parameters, leading to
considerably heavy characterization process and challenge in
long-term thermal analysis.

III. DEVELOPMENT OF ANN-BASED THERMAL MODEL

By applying separated power loss steps, the conventional
thermal matrix model in essence simplifies a multi-input—multi-
output (MIMO) system into several single-input—multi-output
(SIMO) systems. With this regard, multiple tests have to be con-
ducted. Unlike the thermal matrix, artificial intelligence-aided
methods are able to deal with MIMO systems directly. Thus,
this section proposes an ANN-based thermal model considering
TCC effects with less characterization efforts.

A. ANN Principle

Various types of ANNs have been summarized in [8]. Par-
ticular network selection depends mostly on the relationship
between inputs and outputs. According to [9], the temperature
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Fig. 1. Structure of the ANN to convert power losses into temperature varia-

tions (w: weights, b: bias, and f: activation function).

estimation of a first-order network is expressed as

AT (ty) = AT (t,_q) e B3/
+ P (tn) Ry (1 e 20/™) )

where the present temperature AT'(¢,,) is determined by the
previous temperature AT(¢,_1) and the present dissipation
P(t;,). Thus, a dynamic ANN method for time-series problem
is selected, which is

y(k) = fly(k = 1),y (k=2),..,y(k—ny),
z(k),x(k—1),...,2 (k—ng)] 5)

where y(k) is the predicted value, y(k — 1) to y(k — n, ) are the
previous values of the output, z(k) to z(k — n,) are the input
data, and f[-] represents the network of the ANN.

In many applications of the ANN algorithm of (5), data sam-
pling frequencies used in the training and prediction are assumed
to be identical [6], [7]. However, a thermal model with a fixed
sampling frequency could limit its scope for different mission
profiles. To take into account the impact of different sampling
frequencies, the proposed method not only uses the power loss
information as the input but also the time interval At as inspired
by (4). As shown in Fig. 1, the proposed ANN-based thermal
model is composed of an input layer, one or more hidden layers,
and an output layer. The inputs of each layer are multiplied by
weights w and added with the bias b. The results are processed
through an activation function f, which is usually a sigmoid
function.

B. ANN-Based Thermal Model Trained by
Simultaneous Cooling Curves

As shown in Fig. 2, a common half-bridge module with two
insulated-gate bipolar transistor (IGBT) chips and two diode
chips is chosen as a case study. Their thermal responses are
measured by thermo-optical fibers [10].

Unlike the conventional thermal matrix with separated power
loss steps [2], in the proposed ANN-based thermal model, the
four chips in the power module are stressed by an ac current,
i.e., iac(t) = 5+ 35sin(27 x 100¢) A, as shown in Fig. 3. The
power losses are injected into four power devices simultane-
ously. The obtained results are thus defined as simultaneous
cooling curves. The frequency of 100 Hz is selected to ensure
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Fig. 2.  Power module used in the case study. (a) Temperature measurement
via four thermo-optical fibers. (b) Circuit diagram.
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Fig.3. The proposed simultaneous cooling method. (a) The circuit and method
to apply the power losses to the four power devices simultaneously [iac(t) =
5+ 35sin(27 x 100t) A in this case]. (b) Diagram of temperature measuring
process.
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Fig. 4. The measured temperature responses based on the proposed simulta-

neous cooling method.

a relatively small steady-state temperature variation. The mea-
sured simultaneous cooling curves are shown in Fig. 4. The four
power devices are heated up simultaneously with smooth curves
(see the zoom-in area of Fig. 4). Moreover, the additional 5-A dc
bias current is utilized to differentiate the power losses among
different devices, producing more diversified training data for
the ANN.

Afterwards, instead of being curve-fitted to characterize ther-
mal matrix, the measured temperature responses are used to train
the proposed ANN-based thermal model directly. Notably, the
performance of the ANN method is largely dependent on the
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Fig.5. Comparison of two sampling methods. (a) Temperature distribution in
the original linear measurement. (d) Distribution after logarithmic transforma-
tion.
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Fig. 6. Flowchart of the proposed ANN-based thermal modeling (training

phase) and its validation process (validation).

diversity and richness of the training data. As shown in Fig. 5(a),
although the sampling frequency is 1 kHz (i.e., 107 sampled
data in total), approximately 90% measured AT;; information
is from the steady state (around 60-80 °C). The sampled data
from the fast dynamic range (i.e., 0—1 s) accounts for less than
0.1% of the whole data set. The over-concentrated training data
might be challenging for ANN algorithm to establish an effective
thermal model. To tackle this problem, a logarithmic variable
is introduced, inspired by the exponential thermal transient
expression in (4), that is, z = In(¢). The measured temperatures
are resampled by a piece-wise linear interpolation in the loga-
rithmic scale, i.e., AT, (z) = ATj(t = exp(z)). The resampling
period is selected as Az = 0.01. The corresponding temperature
distribution is more even now, as shown in Fig. 5(b).

The flowchart of the proposed method is summarized in Fig. 6.
The power loss information, time intervals, and corresponding
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Fig. 7. Comparison between the measured junction temperature of S; and

the ANN-based thermal model with different training data. (a) Trained by the
originally linear-sampled data with the dc-bias current. (b) Trained by logarith-
mic transformation and the dc-bias current. (c) Logarithmic transformation but
without the dc-bias current.

temperature responses are obtained by the proposed simultane-
ous cooling curve. The originally measured data is converted
by the logarithmic transformation and then used to train the
ANN model, as shown in Fig. 1. In this case, the hidden layer
is a single layer with ten neurons. Since the thermal estimation
does not require the previous information of the power loss or
the time interval, At(k) and P (k) are selected as inputs, while
AT(k — 1) and AT (k — 2) are also used. The higher order of
the previous temperature than (4) could benefit the accuracy of
the ANN-based thermal model.

IV. EXPERIMENTAL VERIFICATIONS

As illustrated in Fig. 6, after training the ANN-based thermal
model, its validation process is conducted based on the same
IGBT module but operating as a dc/ac inverter. The opera-
tional conditions are as follows: 4,.(t) = 20 sin(27 x 0.1t) A,
1-kHz switching frequency, and 100-V dc voltage. The junction
temperature of the four devices is measured and compared with
the results from the proposed method. Fig. 7 presents the mea-
sured temperatures and the estimated results from ANN-based
thermal model with different training methods. In Fig. 7(a), the
ANN-based thermal model is trained by the originally linear-
sampled data. The dc-bias current is applied to differentiate the
power losses of devices in the IGBT module. It can be seen that
the estimated temperature is almost a constant without fluctua-
tions. The estimation error is as large as 80 °C compared with the

10001

TABLE I
COMPARISON OF THE NUMERICAL RESULTS OF Fig. 7 (90-100 s)

Unit: (°C) Timax  EBrror  Tiyin  Error
Measurement 54.4 322

ANN linear w/ DC 1179 -63.5 1179 -85.7
ANN log w/ DC 54.1 0.3 32.1 0.1

ANN log w/o DC 51.5 2.9 32.5 -0.3

*Note: Error = Measurement — Estimation.
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Fig. 8. Estimated errors of different methods [error = measurement — estima-

tion, ANN (log with dc): ANN trained by the logarithmic data and the dc-bias
current, ANN (linear without dc): trained by the logarithmic data but without
the dc-bias current, thermal model without TCC: conventional thermal model
without considering TCC effects, and thermal matrix: refers to (1)].

measurement. By contrast, when the logarithmic transformation
is applied, as shown in Fig. 7(b), the junction temperature can
be more accurately estimated by the proposed method and it is
in a good agreement with the measured result. It verifies that the
proposed ANN-based method is able to characterize the thermal
model of an IGBT module by a single measurement, and the log-
arithmic transformation is necessary to avoid over-concentrated
data with better data richness and diversity. In addition, various
power losses for different devices (i.e., achieved by a dc-bias
current in this case study) can contribute to a better model
training performance compared with Fig. 7(c) where the dc-bias
current is not employed. Furthermore, the numerical results
during the period of 90-100 s in Fig. 7 are summarized, as
listed in Table I. From the maximum and minimum temperatures
(i.e., Timax and Tipiy), the differences between the proposed
method and the measurement are no more than 1 °C. The
above results verify the effectiveness of the proposed method
again.

Temperature estimation errors of different methods are com-
pared in Fig. 8. Both the proposed ANN-based thermal model
with dc bias current and the thermal matrix method can achieve a
good thermal estimation compared to the measurement with the
error being less than 1 °C. Although the error of the proposed
ANN-based method is slightly larger, the minor temperature
fluctuations have a negligible impact on the reliability evaluation
according to [11]. For the ANN model trained without a dc-bias
current, a larger but stable estimation error (i.e., around 4 °C)
can be observed. Furthermore, when it comes to the conventional
thermal model without considering TCC effects, the estimation
error increases over time (not stable) and becomes the largest
among the four methods at ¢ = 100 s. The conclusion can
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TABLE II
COMPARISON OF THE THERMAL SYSTEM CHARACTERIZATION TIME AND THE
COMPUTATIONAL EFFICIENCIES

ANN Thermal matrix ~ Thermal matrix
method (4 chips) (n chips)
Thennal measurement 4% 1 4 x4 4 xn
time (hours)
Computational time (s) 109 1,005 -

*Conditions: Intel Xeon CPU@2.40 GHz, 128-GB RAM, 64-bit system.

be reached that the proposed ANN-based thermal model can
substitute the thermal matrix to consider the TCC effect with
less testing efforts.

Furthermore, the thermal system characterization time and the
computational efficiency are compared as listed in Table II. The
characterization of the thermal system (i.e., the IGBT module
plusits heat sink) requires around 4 h to complete the heating and
cooling processes. Due to the simultaneous cooling method, the
proposed ANN-based thermal model needs one test. By contrast,
the conventional thermal matrix has to inject power losses in
each semiconductor chip separately. In this case study with four
chips, 4 x 4 h are needed. In a power module with n chips, much
more characterization time (e.g.,4 X n h)is required. Moreover,
computational efficiency comparison is conducted by converting
the power loss profiles (data size: 800 019 x 4, double type) into
thermal profiles. The proposed method costs around 109 s while
the CPU time of the conventional thermal matrix is 1005 s in
total. Both of these comparisons reveal the potentiality of the
proposed method to do efficient thermal characterizations and
estimations.

V. DISCUSSION

The core idea of the proposed method is to establish a thermal
model consuming less time and efforts, while considering the
TCC effects. However, several limitations still need further
studies. First, the discussion of this letter is based on the power
module that each switch is composed of a single chip. The
feasibility for a power module in which each switch consists
of multiple chips in parallel has not been discussed. Moreover,
the thermo-optical fibers are used in this letter with a sampling
frequency of 1 kHz. The feasibility of the different thermal
measuring methods or sampling frequencies could be studied in
the future. Finally, it should be pointed out that the discussion in
this letter does not take into account the impact of temperature-
dependent material property on the thermal model parameters.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 35, NO. 10, OCTOBER 2020

VI. CONCLUSION

This letter proposes an artificial intelligence-aided thermal
model considering TCC effects. The target is to simplify the
characterization process of thermal modeling compared with the
conventional thermal matrix method. The ANN-based thermal
model can be established with the aid of the proposed simul-
taneous cooling curves. The testing time of a multichip power
module can be reduced to only once. Moreover, by using the
sampling time interval At as one of the inputs, the proposed
method is applicable to different data sampling frequencies. The
logarithmic transformation of the originally linear-sampled data
and the additional dc-bias current further improve the training
performance. The experimental measurements show that the
proposed method can provide thermal estimation with an error
less than 1 °C in the case study.

REFERENCES

[1] M. Andresen, K. Ma, G. Buticchi, J. Falck, F. Blaabjerg, and M. Liserre,
“Junction temperature control for more reliable power electronics,” I[EEE
Trans. Power Electron., vol. 33, no. 1, pp. 765-776, Jan. 2018.

Infineon Technologies, “Transient thermal measurements and thermal

equivalent circuit models,” Application Note AN 2015-10, 2018, pp. 1-13.

[3] Y. Shen, A. Chub, H. Wang, D. Vinnikov, E. Liivik, and F. Blaabjerg,
“Wear-out failure analysis of an impedance-source PV microinverter based
on system-level electrothermal modeling,” IEEE Trans. Ind. Electron.,
vol. 66, no. 5, pp. 3914-3927, May 2019.

[4] Y. Zhang, H. Wang, Z. Wang, F. Blaabjerg, and M. Saeedifard,

“Mission profile-based system-level reliability prediction method for mod-

ular multilevel converters,” IEEE Trans. Power Electron., vol. 35, no. 7,

pp. 6916-6930, Jul. 2020.

T. Dragicevic, P. Wheeler, and F. Blaabjerg, “Aurtificial intelligence aided

automated design for reliability of power electronic systems,” IEEE Trans.

Power Electron., vol. 34, no. 8, pp. 7161-7171, Aug. 2019.

[6] I.Kamwa,R. Grondin, V. K. Sood, C. Gagnon, V. T. Nguyen, and J. Mereb,
“Recurrent neural networks for phasor detection and adaptive identifica-
tion in power system control and protection,” IEEE Trans. Instrum. Meas.,
vol. 45, no. 2, pp. 657-664, Apr. 1996.

[7] M. Landi and G. Gross, “Measurement techniques for online battery state

of health estimation in vehicle-to-grid applications,” IEEE Trans. Instrum.

Meas., vol. 63, no. 5, pp. 1224-1234, May 2014.

J. Schmidhuber, “Deep learning in neural networks: An overview,” Neural

Netw., vol. 61, pp. 85-117, 2015.

Y. Zhang, H. Wang, Z. Wang, Y. Yang, and F. Blaabjerg, “Simplified

thermal modeling for IGBT modules with periodic power loss profiles

in modular multilevel converters,” IEEE Trans. Ind. Electron., vol. 66,

no. 3, pp. 2323-2332, Apr. 2018.

U. M. Choi, F. Blaabjerg, and S. Jgrgensen, “Power cycling test methods for

reliability assessment of power device modules in respect to temperature

stress,” IEEE Trans. Power Electron., vol. 33, no. 3, pp. 2531-2551,

May 2018.

[11] H. Wang, K. Ma, and F. Blaabjerg, “Design for reliability of power

electronic systems,” in Proc. 38th Annu. Conf. IEEE Ind. Electron. Soc.,
2012, pp. 33-44.

[2

[

[5

[t}

[8

—

[9

—

[10]




<<
  /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 false
  /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 false
  /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 false
  /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


