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INTRODUCTION, -

In recent years the Josephson effect in tunnelling junctions
has been extensively investigated both for its great interest from
the theoretical point of view, and for its stimulating applications,

A powerful mean for analyzing the properties of Josephson
junctions is provided by the study of the dependence of the maximum
d.¢. supercurrent I; on the applied magnetic field Be, This dependence
is intimately related to the current density distribution in the junction
and gives information about the uniformity of the oxide barrier.

In the following we present and  analyze [ v.s.-Be depen
dences computed starting from different "'simplified" shapes of the
current density in the barrier (section I}, In section Il some experimen
tal details eoncerning the magnetic field measurements are discussed,
In section 1,11,I1 v.s. Be expsrimental patterns for different junctions
are reported, and a discussion of these data in terms of the analysis
developed in section l is given,

.- THEGORY

The d.c. Josephson effect .y be described by the foli winy
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(1a) J.z(x, y)=J, sin@ (x,y)
—P 2xd 2 -3
(1b) Vay P (x,y)= o B(x, y)xn

where @ (x, y) is the phase difference betwegn the two superconduc
tors, J, is the maximum current density, B is the magnetic field
d= A_+ 121+ t is the effective magnetic thickness, ¢ =2, 07x 10"7’
Gauss x cm? is the flux quantum and R is the unit vector perpendicular
to the plane of the junction,

Combining relations (1) with "Maxwell's equations we have:

(2) Vey?" 7 i @
J
where (CGS units)
1/
- f c2 ) /2
J 8We<]_§1d

is the Josephson penetration depth. If the junction dimensions are
small compared with 1jJ, equation 2 becomes: Vz ® =0 then ?go=const
and from (1b)it follows  Blx, y)=const=Be, Therefore the self-field pro
duced by the current can be neglected and we have to consider only
the external field.,
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In the following we shall consider junctions of rectangular shape
(see Fig, 1) whose dimensions (L, W) are less than AJ; with the exter
nal field Be applied in the y direction, In this case to obtain the spa
tial variation of the phase @ we can integrate equation (1b), and the
total current through the barrier is obviously:



L/z2 W/2 o d
(3) I= / ’Jf(x,y)sint[g x+ (pc)dxdy
CLj2 tW/2 o

Here the maximum current density J; is assumed to be a function
of the coordinates in the plane of the junction, to take into account
non uniformities of the oxide tunnelling barrier,

Let us define k = 2nd Bz and

P -
W /2

(4) V= [ amyay
‘w2

From (3) it follows:

L/2 . L/2 .
I(k, 9)01i=/ 3'(x)sin(kx+990)dx=lm elq)o [ ’j'(x)elkxdx}
‘1 /2 -L/2

The Josephson current I; is obtained taking the maximum with re-
spect to @ of this expression,

+00 s
(5) Il(k)==l f T(x) e ax '
)

where ‘J(x)=’5'(x) for |x:|$_§:i and J(x)=0 for |x|> —12‘- Thus,

generally, the maximum Josephson current as a function of the applied
field is given by the modulus of the Fourier transform of the function
J (%), and,of course, is strongly connected to the current density
profile J(x, y).

3

Dynes and Ful.ton(z') have pointed out that it is possible, star
ting from the I; v.s, k pattern, to construct the function '@ (x). Howe
ver this is not easy to do and, in order to have a good resolution,
extremely careful measurements also at high fields, are required
where as we will see later, the Josepshson current becomes strongly
reduced, In any case ore can get only information about ‘J(x) which
is the integral in the direction of the applied field of the physically
interesting quantity J(x,y). Also as remarked by Zappe(3) the pro-
cedure of finding J(x), starting from I; v.s, k pattern doesn't lead
to a unique solution unless of specifying some properties of the unk-
nown function J(x,y). Therefore wehave found usefulto proceed in the
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opposite direction: we start from simple current density profiles
which seems to be realistic from a physical point of view and we
compute from (5) the magnetic field pattern in each case, The expe
rimental data can be qualitatively interpreted by comparison with
the computed ones, It is also possible, in particular cases, by va-
rying the parameters which characterize J(x,y) to get a satisfactory
quantitative fitting of the experimental pattern and so to,obtain more
detailed information on the shape of the barrier, ’

a) - Uniform current density profile. -

Let us start considering the simple case of a uniform barrier
J(x,y)=const = J1

It follows from (4)

Jx=3, wp_ /%)

where
=0;|x|> v
T Py (x):
=Lixl&w
from (5) it follows that the tota:l current 13(4)1:
® ikx sink—%"-
6 I =J W! 3 : e  d l‘:I 0 |~—“ -
(6a) 1(k) 1 ]_LOOPL/z(X) x|=1(0) L

2
where I;(0)= Jy WL,

Equation (6a) can be rewritten as:

sin & (15/(13»0
(6b) 11@/9150) =1,(0) T

o

¢ = Be Ld is the flux through the junction.
This is the well known Fraunhofer pattern,

Equation (6b) is plotted in Fig, 2. Numerical values of I; /11(0)
v.S. ¢/P, are also reported in Table I, The minima (Iy=0) of the
pattern occur at k(L/2)=ng, ¢=P,). The distance between the zeros
of the central peak is twice that of the secondary peaks., The first
maximum is 0,217 of the central one, The secondary maxima decrease
rapidly to 0. ‘
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FIG. 2 - 1, /11(0) v.s. & /ipo rectangular geometry,
uniform current density distribution, (Fraunhofer

pattern),

b) - "Step-like" current density profile,-

Let us assume now for the current density J(x,y) a step-like
profile such as that of Fig, 3, (J is constant in the y direction),

It follows:

Jx)=5w &P

551)2

l+s
+
2 X

, : 1+s
‘(X) + PS /2‘(X ~ T) + PS

]

the meaning of g and & is clear from Fig, 3 and 1=1,-2s,

J(x The maximum current is thus:
1 x,5)
AN B N L1
R 1 smk*2~
(k) =J7 e : +
I1(k)=JTWL | g "y
A (7 < 2
' sink—
x N : g -
e P2 g cos H57S)
‘\ e i n k —
& [ s L \Y ! 2
1 s
G4 _14 r ‘ V- 9=
FIG, 3 - Step-like current den Il(O) J WL (§ L t2 L)

gity distribution,
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FIG. 9 - Number of
maxima N in the first
envelope v, s, g and s',
for I; v.s, k patterns

of a rectangular junc-
tion, with step like cur
rent density distribution,
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for Iy v.s, k patterns of a rectangular junction, with steplike
current density distribution,
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Eq. (7) contains two terms: a Fraunhofer diffraction term whose perio-
dicity is connected with the length 1 of the background current (density

g Jq), and a ""double junction' term which containes a diffraction part
related to the dimension s and an interference part whose periodicity is
given by the distance L-s between the peaks. Eq. (7) is plotted in Figs, 4-8
for various values of g and s'= s /L (Figs. 4-17, 3 {1, Fig. 8, g > 1).
From the analysis of these patterns it can be seen that s is strongly
related to the number N of the peaks included in the first envelope of

the maxima, whereas g gives a measure of theiratio between the central
maximum and the secondary ones, This aspect is well clarified in Figs, 9
and 10, In Fig, 9 the number N as a function of ¢ is reported for various
s' values, It can be seen that for E< 0.7 N depends only on s', In Fig, 10
the ratio ¢ between the first maximum and the central one is reported

as a function of g' for various values, It is interesting to see that

for ¢ &1 we have ¢ > 0,217, i,e. a values greater than the one in a sim
ple Fraunhofer ‘pattern, whereas for E>1we have ¢ € 0,217, In sec
tion III is given an example for the utilization of these diagrams for

the determination of s' and E-

c) '"Exponential'current density profile.-

Let us consider now the current density profile sketched in Fig. 11,
whose analytic expression is given by:

J(x¥) J,coshax
T )= ~cos h 2L
2
e | \ FIG. 11 - Exponential current density
N LY : profile,

The parameter a gives a measure of the confinement of the current
densgity at the edges of the junction. We get for the total current ‘in

the junction:
L
J. W = .
9 ,
I‘l(k) = 1 I [ coshax elkx dx
cosha— / L
2

2 ——

Evaluating the integral:

. L
sink-—
k L
— +cos k—
a al. 2
tonh -5——

2
a

a2+ k2

(8a) I, (k)=1(0)
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where:
2J al,

N al
1(0)=—"W tanh -3

In terms of the flux in the junction (8a) becomes:

. w2 i1 sin :
: 4 bo $o $
(8b) I (@/p )=1_(0) - +cosw
1 © 1 Xz-i-(————J“p)z Ytan h X ¢0 :
_(150

he:
where X = LL%__.-
2 B

This dependence is reported in Fig, 12 for different values of . In
Fig. 13 the ratio @ between the first and the central maximum is plot
ted as a function of .

By equating to zero the expression (8b) it is possible to find
the values of ¢ at which the minima occur,

We get:
w2 tan n—g—-' + Xtanh X =0
q)o QPO

In Fig. 14 the first term of this equation is plotted as a function of
® /®,. The minima are found from the intercept of a straight line
corresponding to a given value of the constant X (and so of X tanh % )
with this curve, As is expected (eq. (8b)) for X-—» 0 (uniform current
dénsity distribution) the distance between the minima occur as in a
Fraunhofer pattern. For X—»>o0 {current completely peaked at the
edges) the distance between all the consecutive minima is the same
(double junction interference behaviour).

As is cleanly apparent from Fig, 14 this one parameter model
for the current density profile is very useful to describe the gradual
passage from single to double junction behaviour when the current
becomes more and more peaked at the edges,

d) Triangular current density profile,-

Let us refer now to the triangular .current density profile (see

Fig. 15 inset) described by ‘
e L
, , 1-77- xl&—
J(x,y)= J1 qL~/éx») where qL/Z(X) = L
0 | x| 2 5
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in this case:

Jx) =3, Way iy (x)

Observing that the derivative of J(x) is given by:

2J, W
d 1 L ]

- +__.__ - o
and that(4) if F(k) is the Fourier transform of f(x), the Fourier tran
sform - of f f(x'Ydx' is given by "——(—')—- we obtain for the total
current in the junction:

sink— ) 2
(9) 9= 1,00 ) ——
4

where: JIWL

L0 ==

This expression is also plotted in Fig. 15,

e)"Circular" current density profile,

Another very interesting current density profile is that repor
ted in the inset of Fig, 16, Its expression is:

2 L2 e
x y) L ——zr -X

The total current is:

iz—e

2J1W l f \/"“'" o

Il(k) = dx |

By the simple substitution x=—L/2 cos® we get:

T2 L 2
cos (—— cosB)sin ng‘
o

Il‘(.k) =J WL 5

1
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(5)

The last integral can be computed ° in terms of Bessel functions

and finally we have:

&
(10) I(d/ @ )=1(0)
(8000 — 5 |
d)o
=
11(0)-— 4 WLJI

where chx) is the Bessel function of first kind, The expression (10)
is plotted in Fig. 16, Numerical values of I;/I1(0) v.s. B /B,
where B0 is the field for which the first minimum occurs, are re-
ported in Table II,

It is interesting to observe that a junction of circular geometry
and J =const, leads to an equivalent expression for P (x) and so to
the same I, v.s. k dependence. Let us remark that it is generally
possible to obtain the same J(x) starting from rectangular geometries
with non-uniform current densities or from an appropriate geometry
with a uniform current distribution,

fAsymmetric current density profiles, -

Let us consider now two asymmetric current density profiles,
The first one is (see Fig, 17). "

PR N S
T, 3)= 3y (1= - =) Py ()
and therefore . L 1, ,, L
n s1nk-2- W L cosk s1nk7
= [___ﬁ —— . FRAME ol &i - F
Il(k) 2J1W(1 9 ) . i2 J1 I 7( ) X 2 )

(11)
1(0)=J WL(1- 7/2)

This expression is plotted for M=1/38 in Fig, 17, It is interesting
to observe that the current ai the minima is not zero and from
eq. (11) is given by:

L (ky)= J W[k,

where kj=2nT/L is the value of k at which the n th minimum occurs.

In the second case the current density is (see Fig. 18):
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1ts
2

I+s

. » : . - 1+s
T y)=3, [§P1/2(X)+Ps/z(x' 1P gt ”P.s/z‘(x“ )]

From this expression it follows, for the total current:

sink—l—- sink—s~—
1 2 s 2 (L-8s)
= B e + F e - -+
L, (k) lelegL ! s m) ) cosk -
2 2
sink—
C o8 2 .. (L-s)
(12) -in 3 . sink > '
ks

1 S "
1,(0)=1J, WL[g—L—+(2+ n)—E_J

This expression is plotted in Fig, 18 for 71=0.4, £=0.2, s'=0,2.
Also in this case the current at the minima is different from 0.

At this point we can draw some general conclusions on the
I1 v.s. Be behaviour of junctions with non uniform current density
distribution,

i) Referring to the Fraunhofer pattern we can say that current
densities peaked at the edges produce an increase of the ratio ¢ bet
ween the first maximum and the central one (see Figs, 5-6-7-12-18).
In this case we observe also that the first minimum occurs for gp/@ocl

ii) Current density profiles peaked at the center of the junction,
give rise to a decrease of the ratio ¢ (see for example Figs, 8-15-16),
Furthermore the first minimum occurs for ¢ / @, 1.

iii) Double modulation effects can be accounted assuming a step-
-like profile (see Figs, 4-8),

iiii) Singleor double junction behaviour is well characterized by
the width of the central peak of the magnetic pattern compared to the
other ones (Fig. 14).

.....

minima in I1 v.8. Bg curves (see Figs, 17-18),

g) Non parallel magnetic field, -

All these considerations are valid only for fields parallel to
one dimension of the junction, Liet us suppose now that the external
field Be has also an x component different from zero: if a is the
angle between By and the y direction we have
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(13) Bx=Besin o By=Becos a; B_=0

For a rectangular junction with a uniform current density distribution
we have for the total current:

sin 77'——;;{— sin —(—SY-
, o 0
(14) 1,=J,WL Fx o I
(bo o
where

=W.dB =]
sbx WdBy and qsy 1.dB

It is useful to have the last expression in terms of Bg.In fact this
is generally the quantity measured inthe experiments by monitoring
the current in the coils that-produce the field,

I‘To 4.

I @4.
aj)
.5 a-::oo K
/\\/\/\P\{\/"M-\ o ~ %
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Iy L L/Io fL'
c)
2 a=6
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A
)

o, %4,

FIG, 19 - 11 /1;(0) v.s, @/ ®, for non parallel magnetic
field,
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From (13) and (14) we have

sin;n:*-qz— cosa sin n-——@— W sina
. (] b L
(15) 1(8/6)=1,(0) | — | ——%
T ——cosd T -~ —— gina
P, gbo 1.
where
<D=NL dBg

Expression (15) is plotted in Fig. 19 for W/L =1 and for various
values of the angle o .

It is evident the progressive depression of the secondary maxima.

II. - EXPERIMENTAL DETAILS, -

In this section we will describe the experimental apparatus for
measuring Iy v.s, By patterns on Josephson tunnel junctions, The
magnetic field is generated by a solenold whose characteristic are:

Length = 120 mm

Diameter = 40 mm

Total number 6f turns 7936, on 10 sheets

Copper wire 0,12 mm ¢

The resistence is about 14 Q at T 4.2°K

The magnetic field produced is: Be=0.79 Gauss/mA

Alternatlvely the field can be produced by a couple of Helmotz
coils whose characteristics are:

Internal diameter 40 mm

Distance between coils 19 mm

“Number of turns for each coil 441 (21 turns x 21 sheets)
Copper wire 0.10 mm ¢

The magnetic field produced is Bg=0,16 Gauss/mA,

Of course in this case the field is less uniform. In both cases
the coils are located around the sample directly in the helium bath.

» In our junctions the field necessary to depress to zero the
Josephson current is of the order of few Gauss and so the earth's
field is a strong perturbation to the measurements, To achieve ‘a
good shielding of the ambient magnetic field the apparatus is surroun
.ded by a cylindrical lead shield, coaxial with the solenoid and clo -
sed at the bottom (60 mm ¢ x 240 mm length) which acts by excluding
the magnetlc field via the Meissner effect,
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It is important to remark that the field produced inside the
coil will. be reduced by the superconducting currents induced on the
surface of the shield, The effective field can be expressed as:

2

r
5)

R

(16) B =By (1-

where Bg is the field produced by the solenoid and r and R are
the radii of the solenoid and of the superconducting shield. respecti
vely. We have measured the ratio Beff /Bg directly by performing
two runs of measurements on the same junction with and without
the shield (see Fig, 20). The two magnetic patterns differ only by
a scale factor on the field axis of 0,59+0,02 (in good agreement
with that computed from (16)).

The sample holder with the solenoid and the lead shield is
shown in Fig, 21,

To reduce further the ambient field and to avoid the possibility
of flux trapping in the superconducting shield the cryostat is sur-
rounded by two coaxial u-metal cylindrical cans., Their dimensions
are:

External shield: thickness 1 mm
diameter 320 mm
length 900 mm:
Internal shield thickness 1 mm
diameter 260 mm
length 500 mm

The theoretical shielding factors that we obtain (ref. (6)) assuming
22 30,000 are

Transversal screening factor Sp = 3,000
Longitudinal screening factor Sy, & 600

The maximum d,c. Josephson current is measured following
the technique described in ref, (7)(8).

The field is measured by monitoring the current in the solenoid,
The I; v.s. Be pattern can be obtained peint by point, or directly
~on an X-Y recorder,

A typical direct recording of an experimental I; v.s. Be pattern
is shown in Fig, 22,
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IlI, - EXPERIMENTAL RESULTS: ANALYSIS, -

In this section we present some experimental I, v.s. B, pat
terns and we discuss them in terms of the analysis developed in
Section I. All the experiments were carried out using the apparatus
described in the previous section. We will refer always to "cross-
-type' thin film Josephson tunnel junctions deposited on 3/4"x1"
glass substrates, Typical critical currents of our samples were on
the order of few mA, The field is generally parallel to the first-de-
posited strip,

Measurements on a S,-S, square junction (0.20x0.20 mm?)
are reported in Fig, 23a. As we can see this pattern presents a dou
ble modulation effect and we have fitted it with a step-like current
density distribution,

The number N of the peaks in the first envelope of the maxima
is about 10. From Fig. 9 this gives for s''the value s'~ 0.11. The
mean values of the ratio between the central peak and the two adja
cent ones, is @%0.8, This gives, using Fig, 10, ¢~ 0.06. The theo
retical pattern computed using the step-like current density profile
corresponding to these values of g and s', is reported in Fig. 23a,

In the same Fig, 23 is also reported a sketch of the current density
profile used,

As we can see, all the essential features of the experimental
pattern are well reproduced, This kind of pattern is often observed
in experiments: in fact a strong enhancement of the current density in
cross type junction can be due to shorts at the edges of the bottom
film, This effect can be easily verified observing that a.Ij v.s, Be
pattern measured with the field along the direction of the top film,
often gives an ordinary Fraunhofer-like: pattern.

It is interesting also to observe that the characteristic higher
value of the central peak referred to the envelope of the secondary
ones is associated with the small background current over the whole
junction,

Measurements on an Np-Pj junction (0,20x0.50 mmz) of cross-
-type geometry are reported in Fig. 24a. Owing to the absence of
double modulation and to the higher value of the first maximum (cong_
pared to the Fraunhofer pattern), we have used a current density
profile like that of Fig, 11. The ratio o between the first and central
maximum is @ = 0.4, This gives (from Fig, 13) x2 1.75 (Fig. 24b,
inset), The theoretical pattern corresponding to this value is plotted
in Fig, 24b,

Finally we report a careful fitting of the experimental results
of Fig, 22, Measurements refer to a 5, -5, cross-type junction (0,18x
x0,37 mmz). In this case the best theoretical curve has been obtained
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using a step-like current density profile starting from approximate
values of é and s', determined with the procedure described above,
and then adjusting them, by a computer program, to minimize the
sum of the square differences between the experimental and the theo
retical values, The results of this analysis are reported in Fig, 25
(the crosses are the experimental points). The best fitting parameters
are g = 0.18 and s'=0,012,
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Circular junction,.the field is normalized to the first minimum.

0.‘0
C. 0%
0.08
.12
0.16
0.20
0.25
0.33
0.37
G.4l
OOIDS
0649
. 0.53
0.57
~0a.61
0.66
OQ-IO'
0-7’1’
0,78
0.82
0.86
C. 90
0.94
.98
1.02
1.07
1.11
1.15
1.19
1423
1.27
1.31
1.35
1.3@
10‘!13
1-‘}8
1.52
1.56
1.60
1.64
1.68
1.72

1.80
1.84
1.89
1493
1.97
2.01

1.76.

B/B, 1/11(0)

1.0000D
0.99632

098771

0.97250
0.95146
0.72485
3. 89300
D.865630
0.81518
D TT014
0. 72170
C.67045
0.861696
0.56186
0.50574
0.4‘!“?23
0.3929%
0.33745
0.28332
0.23507
0.18119
013412
3.02024
0.04988
0.01331

0.01928

C.04T72
0.07196
0.09197
0.10779
Om 1]")54
D.12736
0.13148
0.13213
0.12961
0.12426
O 11[)40
D0.10643
0.09471
0.08165
0.06761
0.0652938
0.03813
0.02339
0.00910
OnOO{f“’OB
0.01707
002245
0.03846
0.04694

B/B,

::DGS
2.09%
2.13
2,17
2.721
2429
2430
234
2.38
24:,(’2
250
2.50
2054
2.58
2.62
2.66
2.71
2.75
279
2.83
2.87
2.91
2.95
299
3.03
3.07
3.12

3.106

3.20
3.24
3.28
3.32
3.36
3.40
3.44
3.48
34532
3.57
3.61
3.65
3.69
3.73
3.77
3.081
3.85
3.873
3.94
3.68
4,02
4,06

1/11(0)

0.05379
0.05897
D.06243
0.06421
0.0643%
0. 06294

0.06010

0. 055946
0. 05070
0.046448
0.03751
0.02997
0.02208
0.01402
0.00601
0.00179
0.,00918
0.01603
0.02220
0.02756
0.03203
D.035%4
3.03805
0.03953
0.04C01
0.03450
0.03 705
0.03575
0.03267
0.02891
0.02460

0.01585

0.01479
0.004956
0.00428
0.00091
0.00591
0.01059
0.01485
0.01861
0.02180
0.02435
0.02624
0.02742
0.02791
002770
0.02682
0.02533
0,02326
0.02C70

B/B, 1/11(0)

l‘}' ].O
4elt
4el8
422
’S 0.26
44320
4,35
4.3G

G043

4ot
4.51
4455
459
4-6'3
4}‘06L7
4.7k
4. TG
4».80
4484
‘:}'.88
(9'092
496
5.00
5.04
5.08
5.].2
a‘;- IT
5.21
5,25
5,29
5.33
5.37
5."1
545
549
5653
5.58
5062
5.70
5.78
5.82
5086
5.50
5494
5.99
6403
6,07
6.11

0.01771
J0.01437
0.01C79
0.CC7C5
0.00224
0.00054
0.00419
0. 00765
0.01082
001264
Q.C15605
0.01801
001948
0.02C44

0.02088 .

0. 02079
0.02021
0.01914
0.01764
0.01575
0.01352
0.0110C2
G.00231
0.00547
0.60256
G.0003%
0.00317
0.0C385
C.00833
0.0105%4
0.01245
O..C}.lfOl,
0.01520
G. 01599
0.01637
0.01635

0.01592

0.01512
0. 01397
0.01250
00 01 07(}
¢.C0880
0.00666
0.00440
0.00208
0.0052¢4

£.00250

0, 00466
0.00666
0.C0846

B/Bo 1/11(0)

O

3

¢t o 4

> C o
Lanlil SIREY)

6.3
6.35
6. 40
6o bty
6;’?8
605{)
6460

6. b4

6+68

6. T2

6.76
6 o 8 1

6o 85

6.89

6493

6.1 (;Tl
T 01
7. 05

- T.0%
“Tel3
T 17

T.21
Teldb
7.30
T+34
738

‘7'0 ‘Nx‘)
7 0.50

To5%
T.58
Tab2
7 b () “'
7.71
T.7T5
T+ TG
T 83
787
7. 91

-T+95

739
8.03
8*5 ‘38

8,12

8.16

0.01032
0.,01130

0.01229
0.01295
O.01328
0.01329
0.01297
0.01234
0.0L142

0.0102%

0.00823 |
0.00723

"0.0054%

0.00364
0.00L74

0.006017
0.0020%

0.00383
00'005’*‘9
0.00699
0.GC0829
0.00937
0.01020
0.01076 -
0.01106
0.C1107

001082

0.01031
0.00956
0.0085%2
0.00741

0.060653
0.00462 .

000308
0..001‘:8

0.00013
0.00179

0.00322"
0.00462

+0..00590
0.00701

0.00723
0.00864
0.50913
0.00939
0:i0G94%41
0.00921
G.00878
0.00815
0.00733





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


