
Abstract The electrical properties and DC acceler-

ated aging characteristics of ZnO–Pr6O11-based varis-

tors were investigated with various Dy2O3 contents and

sintering times. It was found that the Dy2O3 content

and sintering time significantly affected electrical

properties and their stability. The nonlinear exponent

with increasing Dy2O3 content varied with �-shaped,

reaching maximum of 58.6 at 1.0 mol% Dy2O3 for

varistors sintered for 1 h and with �-shaped, reaching

maximum of 46.3 at 0.5 mol% Dy2O3 for 2 h. The

leakage current was in the range of 0.1–1.1 lA for

varistors sintered for 1 h and 0.3–2.4 lA for 2 h. The

increase of sintering time led to lowering of nonlin-

earity. The varistors with 0.5 mol% Dy2O3 sintered for

2 h exhibited the good stability, under DC stress of

0.95 V1 mA/150 �C/24 h.

Introduction

Various electronic devices and electric power systems

can be subjected to voltage transients (called surges)

induced by lightning, switching, and electrostatic dis-

charge. They are vulnerable to damage by surges in

excess of their voltage ratings. Therefore, they should

be protected from various surges. One way to over-

coming surges is to enhance insulating strength for

devices and systems. Another way is to use the varis-

tors. Zinc oxide (ZnO) varistors are smart two-termi-

nal semiconductor-ceramic devices made by sintering

ZnO powder with small amounts of minor additives,

necessarily containing varistor-forming oxides such as

Bi2O3, Pr6O11, V2O5, BaO, La2O3, and so on [1, 2].

They exhibit highly nonlinear voltage-current (V-I)

characteristics: electrical impedance of a varistor

decreases abruptly at increasing voltage, and at a cer-

tain point, they behave as a short circuit. They possess

excellent surge-energy-absorption capabilities. As a

result, they have been extensively used to protect

various semiconductor devices, electronic equipments,

and electric power systems from dangerous abnormal

high voltage [1, 2]. The nonlinear properties of ZnO

varistors are attributed to a double Schottky barrier

(DSB) formed at active grain boundaries containing

many trap states.

Most commercial ZnO varistors contain Bi2O3 as

VFO and they exhibit excellent varistor properties and

high performance. However, they have a few draw-

backs due to the high volatility and reactivity of Bi2O3

melted at about 825 �C during a sintering above

1000 �C [3]. The former changes varistor characteris-

tics with the variation of inter-composition ratio of

additives, the latter destroys the multi-layer structure

of chip varistors, and it generates an insulating spinel

phase deteriorating surge-absorption capabilities. Fur-

thermore, they need many additives to obtain the high

nonlinearity and stability.

In the past few years, it has been studying ZnO

varistors containing Pr6O11 as VFO to overcome these

problems [4–15]. In the former work, Nahm et al.

reported that ZnO–Pr6O11–CoO–Cr2O3–M2O3 (M =

Er, Y)-based varistors exhibit high nonlinear proper-

ties and stability [8–14]. Many researchers who are
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interested in varistors wish to fabricate ZnO varistors

exhibiting both higher nonlinearity and higher stability.

But it is never easy. Therefore, it is very important to

scrutinize the role of individual additive to apply ZnO–

Pr6O11-based varistors in various areas.

The purpose of this work is to investigate the

effect of Dy2O3 addition and sintering time on

electrical properties and stability against DC acceler-

ated aging stress of ZnO–Pr6O11–CoO–Cr2O3–Dy2O3-

based varistors.

Experimental procedure

Sample preparation

Reagent-grade raw materials were used in proportions

of (97.0-x) mol% ZnO, 0.5 mol% Pr6O11, 2.0 mol%

CoO, 0.5 mol% Cr2O3, x mol% Dy2O3 (x = 0.5, 1.0,

2.0). Raw materials were mixed by ball milling with

zirconia balls and acetone in a polypropylene bottle for

24 h. The mixture was dried at 120 �C for 12 h and

calcined in air at 750 �C for 2 h. The calcined mixture

was pulverized using an agate mortar/pestle and after

2 wt% polyvinyl alcohol (PVA) binder addition,

granulated by sieving 200-mesh screen to produce

starting powder. The powder was uniaxially pressed

into discs of 10 mm in diameter and 2 mm in thickness

at a pressure of 800 kg/cm2. The discs were covered

with raw powder in alumina crucible, sintered at

1350 �C in air for 1–2 h, and furnace-cooled to room

temperature. The heating and cooling rates were 4 �C /

min. The sintered samples were lapped and polished to

1.0 mm thickness. The size of the final samples was

about 8 mm in diameter and 1.0 mm in thickness. Sil-

ver paste was coated on both faces of the samples and

the ohmic contact of electrodes was formed by heating

at 600 �C for 10 min. The electrodes were 5 mm in

diameter.

Microstructure measurement

The either surface of samples was lapped and ground

with SiC paper and polished with 0.3 lm-Al2O3 pow-

der to a mirror-like surface. The polished samples were

thermally etched at 1100 �C for 30 min. The surface of

samples was metallized with a thin coating of Au to

reduce charging effects and to improve the resolution

of the image. The surface microstructure was examined

by a scanning electron microscope (SEM, Hitachi

S2400, Japan). The average grain size (d) was deter-

mined by the lineal intercept method by the following

expression [16]:

d ¼ 1:56L=MN ð1Þ

where L is the random line length on the micrograph,

M is the magnification of the micrograph, and N is the

number of the grain boundaries intercepted by lines.

The density (q) of varistor ceramics was measured by

the Archimedes method.

Electrical measurement

The voltage–current (V-I) characteristics of varistors

were measured by stepping up the linear stair volt-

age in increment of 0.4–1.0 V using a high voltage

source-measure unit (Keithley 237). To avoid joule

heat of varistors, the varistors were applied up to

50 mA/cm2. The varistor voltage (V1 mA) was mea-

sured at 1.0 mA/cm2 and the leakage current (IL)

was measured at 0.80 V1 mA. In addition, the non-

linear exponent (a) is calculated by the following

equation:

a ¼ 1=ðlog E2 � log E1Þ ð2Þ

where E1 and E2 are the electric fields corresponding to

1.0 mA/cm2 and 10 mA/cm2, respectively.

The capacitance–voltage (C-V) characteristics of

varistors were measured at 1 kHz with the variable

applied bias in the pre-breakdown region of the V-I

characteristics using a QuadTech 7600 RLC meter and

a Keithley 617 electrometer. The donor concentration

(Nd) of ZnO grains and the barrier height (/b) at the

grain boundary were determined from the slope and

intercept of straight line, respectively, using the

following equation [17]:

ð1=Cb � 1=2CboÞ2 ¼ 2ð/b þ VgbÞ=q �Nd ð3Þ

where Cb is the capacitance per unit area of a grain

boundary, Cbo is the value of Cb when Vgb = 0, Vgb is

the applied voltage per grain boundary, q is the

electronic charge, � is the permittivity of ZnO

(� = 8.5�o). The density of interface states (Nt) at the

grain boundary was determined by the following

equation [17]:

Nt ¼ ð2 �Nd/b=qÞ1=2 ð4Þ

Once the donor concentration and barrier height are

known, the depletion layer width (t) of the either side

at the grain boundaries was determined by the

following equation [18]:

Ndt ¼ Nt ð5Þ
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DC accelerated aging test

The DC accelerated aging stress test was performed

under four continuous conditions, such as 0.85 V1 mA/

115 �C /24 h in 1st stress, 0.90 V1 mA/120 �C /24 h in

2nd stress, 0.95 V1 mA/125 �C /24 h in 3rd stress, and

0.95 V1 mA/150 �C /24 h in 4th stress. Simultaneously,

the leakage current was monitored at intervals of

1 min during stressing using a high voltage source-

measure unit (Keithley 237). The degradation rate

coefficient (KT) was calculated from the following

equation [19]:

IL ¼ ILo þ KTt1=2 ð6Þ

where IL is the leakage current at stress time (t) and ILo

is IL at t = 0. After the respective stresses, the V-I

characteristics were measured at room temperature.

Results and discussion

Figure 1 shows SEM micrographs of ZPCCD-based

ceramics with various Dy2O3 contents and sintering

times. It is well known that the microstructure of

Pr6O11-based ZnO varistor ceramics is consisted of only

two phases [20]; as indicated in Fig. 1, ZnO grain (bulk

phase, blackish) and intergranular layer (second phase,

whitish). The SEM micrographs remarkably show two

phases, ie. ZnO grains and intergranular layers regard-

less of Dy2O3 content and sintering time. Intergranular

layers were Dy- and Pr-rich phases by XRD analysis. It

was found from EDX that they coexist at the grain

boundaries and the nodal points as if they were a single

phase. It was observed by SEM that as the Dy2O3 con-

tent increased, the intergranular phase gradually more

distributed at the grain boundaries and particularly the

nodal points. These microstructures are not greatly

Fig. 1 SEM micrographs of
ZPCCD-based ceramics with
various Dy2O3 contents and
sintering times
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different from ZPCCM (M = Er, Y) reported previ-

ously [8, 11].

The detailed parameters are summarized in Table 1.

With increasing Dy2O3 content, the average grain size

of ceramics sintered for 1 h decreased in the range of

14.5–4.6 lm and 16.5–5.3 lm for 2 h. Therefore, the

Dy2O3 was found to serve as an inhibitor of grain

growth. It was found that the density of ceramics sin-

tered for 1 h is in the range of 5.49–4.64 g/cm3 corre-

sponding to 95.0–80.3% of theoretical density

(TD = 5.78 g/cm3 in ZnO) and 5.58–4.72 g/cm3 corre-

sponding to 96.5–81.7% of TD for 2 h. The density of

ceramics decreased with increasing Dy2O3 for both

sintering times. On the whole, the ceramics sintered for

2 h were slightly densified than those sintered for 1 h.

The density greatly affects the resistance of degrada-

tion, together with a leakage current in the V-I char-

acteristics. As we should discuss later, generally the

lager the density, the higher the stability.

Figure 2 shows the electric field–current density

(E-J) characteristic curves of varistors with various

Dy2O3 contents and sintering times. For both sintering

times, the current density increased linearly in low

field, whereas it varied by orders of magnitude with

only small changes in field above the breakdown field,

called a varistor voltage. The variation of V-I charac-

teristic parameters, including the varistor voltage

(V1 mA), varistor voltage per grain boundary (Vgb),

nonlinear exponent (a), and leakage current (IL) are

summarized in Table 1. As the Dy2O3 content

increased, the V1 mA and V1 mA per grain boundary

were found to increase in the range of 181.9–481.0 V/

mm for varistors sintered for 1 h and 150.3–372.3 V/

mm for 2 h. The V1 mA is directly related to the num-

ber of grain boundaries across a series between the

electrodes. Therefore, as the Dy2O3 content increased,

the increase of V1 mA is attributed to the decrease of

average grain size caused by Dy2O3 addition inhibiting

grain growth, as mentioned when discussing micro-

structure previously. By the same reasoning, it can be

seen that the V1 mA decreased by a longer sintering

time. The Vgb that is a breakdown voltage per grain

boundaries is defined by the following equation:

Vgb ¼ ðd=DÞ1mA ð7Þ

where d is the average grain size and D is the thickness

of the sample. It was in the range of 2.2–2.9 V/gb for

the varistors sintered for 1 h and 2.0–2.6 V/gb for 2 h

with Dy2O3 content. This was within the generally

well-known 2–3 V/gb regardless of sintering processes.

One of the most important figures of merit in

varistors is the a, which characterizes the native prop-

erties of varistors itself. The a value varied with

Table 1 Microstructure, V-I, and C-V characteristic parameters of ZPCCD-based varistors with various Dy2O3 contents and sintering
times

Sintering
time

Dy2O3

content
(mol%)

d (lm) q
(g/cm3)

V1 mA

(V/mm)
Vgb

(V/gb)
a IL (lA) Nd

(1018/cm3)
Nt

(1012/cm2)
/b (eV) t (nm)

1 h 0.5 14.5 5.49 181.9 2.6 55.3 0.1 1.06 3.15 1.00 29.8
1.0 8.4 5.16 338.3 2.9 58.6 0.7 0.84 2.66 0.90 31.9
2.0 4.6 4.64 481.0 2.2 48.8 1.1 0.25 1.39 0.82 55.4

2 h 0.5 16.5 5.58 150.3 2.5 46.3 0.3 1.52 3.59 0.91 23.7
1.0 11.0 5.41 235.6 2.6 35.1 0.8 1.18 2.91 0.76 24.6
2.0 5.3 4.72 372.0 2.0 39.4 2.4 0.57 1.81 0.61 31.6
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Fig. 2 E-J characteristics of ZPCCD-based varistors with vari-
ous Dy2O3 contents and sintering time
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�-shaped in the range of 48.8–58.6 for the varistors

sintered for 1 h. As the Dy2O3 content increased, the

a value increased up to 1.0 mol%, reaching a maximum

value (58.6) close to 60 at 1.0 mol%, whereas more

contents decreased a value. On the other hand, the

a value varied with �-shaped in the range of 35.1–46.3 for

the varistors sintered for 2 h. As the Dy2O3 content in-

creased, the a value decreased up to 1.0 mol%, reaching

a minimum value (35.1) close to 35 at 1.0 mol%, whereas

more contents decreased the a value. The maximum

value of a was obtained from the varistors doped with

0.5 mol% Dy2O3, reaching a = 46.3. The increase of

sintering time in equivalent compositions will lead to the

low nonlinearity. However, the stability may be im-

proved due to the increase of density. The IL values in-

creased in the range of 0.1–1.1 lA in varistors sintered

for 1 h and of 0.3–2.4 lA for 2 h, with a minimum value

at 0.5 mol% Dy2O3 for both sintering times. The IL va-

lue for the varistors sintered for 2 h exhibited to be high

than that for 1 h. However, on the whole, the I
L

value for

these varistors is estimated to be low.

Figure 3 shows the C-V characteristics of varistors

with various Dy2O3 contents and sintering times. It is

assumed that the C-V characteristics for sintering time

will be various because the C-V characteristic curves

are arranged variously according to various Dy2O3

contents and sintering times. The C-V characteristic

parameters, including the donor concentration (Nd),

density of interface states (N), barrier height (/b), and

depletion layer width (t) are summarized in Table 1. As

the Dy2O3 content increased, the Nd value decreased in

the range of 1.06 · 1018 –0.25 · 1018 cm–3 for varistors

sintered for 1 h and in the range of 1.52 · 1018–

0.57 · 1018 cm–3 for 2 h. These do not greatly differ

from general ~1018 orders of magnitude. The decrease

of Nd with increasing Dy2O3 content exhibited the same

tendency as the ZnO–Pr6O11–CoO–R2O3 (R = Dy, Er)

system with no Cr2O3 [4, 5]. Although Dy + 3 ions have

a larger radius (0.091 nm) than Zn+2 ions (0.074 nm),

thus limited substitution within the ZnO grains is pos-

sible. Dy substitutes for Zn and creates lattice defects in

ZnO grains. The chemical-defect reaction using Kro-

ger–Vink notation can be written as follow equation:

Dy2O3��!
ZnO

2Dy�Zn þ V 00Zn þ 3O�O ð8Þ

where Dy�Zn is a positively charged Dy ion substituted

for a Zn lattice site, V 00Zn is a negatively charged Zn

vacancy, and O�O is a neutral oxygen of an oxygen

lattice site. A negatively charged zinc vacancy ( V 00Zn),

could act as a donor, gaining hole to become either

singly positively charged or a neutral zinc vacancy. This

would cause net donor concentration to increase.

However, the donor concentration decreased accord-

ing to experimental results. Presumably, it is assumed

that the addition of Dy2O3 leads to the decrease of zinc

interstitial or oxygen vacancy concentration acting as

natural donors due to any reason. The reason needs to

further deeply investigated.

The Nt value decreased in the range of 3.15 · 1012–

1.39 · 1012 cm–2 for the varistors sintered for 1 h and

3.59 · 1012–1.81 · 1012 cm–2 for 2 h with increasing

Dy2O3 content. The /b value decreased in the range of

1.0–0.82 eV for the varistors sintered for 1 h and in the

range of 0.91–0.61 eV for 2 h with increasing Dy2O3

content. On the whole, the /b value of varistors sintered

for 2 h exhibited to be lowered compared with those for

1 h. It is assumed that the lowering of /b value gives rise

to low nonlinearity, when comparing with the nonlinear

exponent (a) between varistors sintered for 1 h and 2 h.

ZnO varistors begin to degrade because of gradually

increasing leakage current with stress time. Eventually,

they result in thermal runaway from stems joule heat-

ing and the loss of varistor function. From this view-

point, in addition to nonlinearity, the electrical stability

is a technologically very important characteristic of

ZnO varistors.

Figure 4 shows the variation of leakage current of

varistors during various DC accelerated aging stresses
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Fig. 3 C-V characteristics of ZPCCD-based varistors with
various Dy2O3 contents and sintering times
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with various Dy2O3 contents and sintering times. As

shown in IL-t1/2 curves, the varistors doped with 1.0 and

2.0 mol% Dy2O3 sintered for 1 h exhibited thermal

runaway within a short time under 1st stress. This

unstable state is attributed to the low density, that is,

the low density leads to the concentration of current

through the limited conduction path and further high

current density per grain boundary. This means that

the density more predominantly affects the stability,

compared with the leakage current. On the contrary, it

can be seen that the varistor doped with 0.5 mol%

Dy2O3 sintered for 1 h exhibit remarkably high sta-

bility without a thermal runaway. Their leakage cur-

rent was nearly constant until third stress and shows

very weak positive creep during fourth stress. On the

other hand, the varistors sintered for 2 h exhibited high

stability without thermal runaway up to 1.0 mol%

Dy2O3. But the varistors doped with 0.5 mol% Dy2O3

revealed higher leakage current than that sintered for

1 h. There is need to compare the stability for only

varistors doped with 0.5 mol% Dy2O3. The stability of

varistors against DC accelerated aging stress can be

estimated from the degradation rate coefficient (KT).

The KT value increased as DC accelerated aging

stress became more severe, and increased abruptly

after 4th stress. After 4th stress, the KT value was

2.31 lAÆh–1/2 in the varistor sintered for 1 h and

1.33 lAÆh–1/2 in the varistor sintered for 2 h. This sug-

gests the varistor sintered for 2 h will exhibit higher

stability comparatively, compared with that for 1 h.

Furthermore, the detailed variation rate of V-I char-

acteristic parameters after various DC accelerated

aging stresses is summarized in Table 2. The varistor

with 0.5 mol% Dy2O3 sintered for 1 h revealed the

%DV1 mA (variation rate of V1 mA) of –0.8%, the %Da
(variation rate of a) of –14.3%, and the %DIL (varia-

tion rate of I
L
) of +600% after 4th stress. It can be seen

that The V1 mA was very stable state, whereas the a and

IL were comparatively unstable state for stress. On the

contrary, the varistor with 0.5 mol% Dy2O3 sintered

for 2 h revealed the %DV1 mA of –2.9%, the %Da of –

4.1%, and the %DIL of + 166.7% after fourth stress.

The stability of the nonlinear exponent and leakage

current was found to be well above three times than

that sintered for 1 h. In general, the stability against

DC accelerated aging stress is high, as the ceramics are
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densified and the leakage current is lowered. The

varistor sintered for 2 h with 0.5 mol% Dy2O3 have

high density and high leakage current, compared with

that for 1 h. Consequently, it can be seen that the

combination of proper Dy2O3 content and sintering

time leads to high nonlinearity and stability.

The defect model proposed by Gupta and Carlson

can be usefully used in discussing stability of varistors

[21]. The key of degradation under external stress

results from deformation of Schottky barrier between

ZnO grains. The factors relating to degradation are

meta-stable ions such as zinc interstitial ion in deple-

tion region. These ions are relatively mobile compared

with other ions. The Zni is diffused toward grain

boundaries under external stress and reacts with neg-

atively charged Zn vacancy. As a result, this process

leads to a reduction of potential barrier and an increase

of leakage current. Therefore, the way to improve the

stability is to restrict the generation of Zni within

depletion layer or the migration of Zni toward grain

boundaries. Presumably, it is assumed that the proper

Dy2O3 incorporation and sintering time are related to

the migration of zinc interstitial (Zni) within depletion

layer or the stabilization of interface states.

Conclusions

The electrical properties and the stability of nonlinear

properties against DC accelerated aging stress of

varistors, which are composed of ZnO–Pr6O11–CoO–

Cr2O3–Dy2O3 systems, were investigated with various

Dy2O3 contents and sintering times. The density of

ceramics increased with increasing sintering time,

whereas it decreased with increasing Dy2O3 content.

As the Dy2O3 content increased, the nonlinear expo-

nent changed with �-shaped in the range of 48.8–58.6,

reaching maximum (58.6) at 1.0 mol% Dy2O3 for

varistors sintered for 1 h and with �-shaped in the

range of 35.1–46.3, reaching maximum (58.6) at

0.5 mol% Dy2O3 for varistors sintered for 2 h. The

leakage current increased in the range of 0.1–1.1 lA

for varistors sintered for 1 h and of 0.3–2.4 lA for 2 h.

A longer sintering time decreased the nonlinear

properties, whereas it improved the stability against

DC accelerated aging stress in the equivalent Dy2O3

content. In particular, the varistor doped with

0.5 mol% Dy2O3 sintered for 2 h exhibited a good

stability, in which %DV1 mA = –2.9%, %Da = –4.1%,

and %DIL = + 166.7% under DC accelerated aging

stress such as 0.95 V1 mA/150 �C /12 h.
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1st 148.1 –1.5 43.6 –5.8 0.4 33.3
2nd 147.0 –2.2 43.3 –6.5 0.5 66.7
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4th 145.8 -2.9 44.4 -4.1 0.8 166.7
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4th 230.2 -2.3 25.9 -26.2 2.7 237.5

2.0 Before 372.0 0 39.4 0 2.4 0
1st Thermal runaway

6828 J Mater Sci (2006) 41:6822–6829

123



9. Nahm C-W, Shin B-C (2002) J Mater Sci : Mater Electro
12:111

10. Nahm C-W (2003) Mater Lett 57:1317
11. Nahm C-W, Shin B-C (2003) Mater Lett 57:1322
12. Nahm NC-W, Kim H-S (2003) Mater Lett 57:1544
13. Nahm C-W (2003) J Euro Ceram Soc 23:1345
14. Nahm C-W, Shin B-C, Min B-H (2003) Mater Chem and

Phys 82:157

15. Nahm C-W (2003) Solid State Commun1 27:389
16. Wurst JC, Nelson JA (1972) J Am Ceram Soc 97–12:109
17. Mukae M, Tsuda K, Nagasawa I (1979) J Appl Phys 50:4475
18. Hozer L (1994) In Semiconductor ceramics: grain boundary

effects. Ellis Horwood, pp 22
19. Fan J, Freer R (1995) J Appl Phys 77:4795
20. Mukae K (1987) Am Ceram Soc Bull 66:1329
21. Gupta TK, Carlson WG (1985) J Mat Sci 20:3487

J Mater Sci (2006) 41:6822–6829 6829

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


