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Abstract—1In the chemical mechanical polishing (CMP)
process, the pad conditioning density distribution plays a
determinant role in the pad wear. A precise model and detail
analysis of conditioning density function is required. To this
end, at first we construct the mathematic model of polishing
trajectories on the pad, then under the assumptions that
the diamond grains are uniformly distributed, and slowly
sweeping motion during the dressing, the conditioning density
distribution for pad in CMP process is determined. This
conditioning density function is verified through numerous
numerical examples. In the mean time, it was also observed
that to have flat distribution of pad wear rate we have to make
the ratio of disk-radius-to-pad-radius small, and the effect
of the pattern of grain distribution on conditioning density
function is insignificant, which also agree with known results
from literatures.

I. INTRODUCTION

In the manufacture of semiconductor featuring enhanced
functions, an extremely important requisite is the flatness
of wafers. In this regard, the chemical mechanical polishing
(CMP) process is increasingly being adopted as the technol-
ogy to provide flatness. It is known that in CMP process, the
pad deformation may occur during wafer polishing [1]. As
a result the wafer removal rate will be degraded. Dressing
of the pad by a conditioner so as to regenerate a new pad
surface and recover its role in the polishing process is thus
necessary.

Another main reason for pad conditioning is due to
the “glazing” phenomenon. The polishing pad in CMP is
composed of multi-holes blown polyurethane and lubri-
cated by slurry. The polishing grains in the slurry and
by-productions of polishing will be buried in and block
the holes and grooves of polishing pad. Thus the slurry
can no longer distribute uniformly on the pad surface. To
overcome the glazing problem and extend the lifetime and
condition of polishing pad, the polishing pad has to be
pruned periodically to remove the debris and by-products
in the pad. The present pruning technique includes liquid
rinsing, gas blowing and diamond abrasive wheel polishing.
The effect of diamond abrasive wheel polishing is so far the
best [2]. The CMP pad conditioner renews the pad surface
by grinding off the loading on the pad surface by means
of diamond grit bonded on stainless steel substrate, but in

doing so induces pad wear [3].

Generally, the conditioning disc is mounted on a powered
rotating chuck that can be lowered onto the pad surface. The
conditioning disc is either swept across the pad surface in a
controlled manner, or is of sufficient dimension to condition
the entire surface of the pad where it is in contact with a
wafer (see Fig. 1).

r
v Dresser

Fig. 1. CMP Schematic

In words, merits of pad conditioner are: (1) lessen pad
damages and realized long duration life, (2) stabilize wafer
grinding rates. To achieve the goals, in practical application,
lots of parameters need to be considered, including the
dimension of the dresser base, the size and property of
diamond grain, for example, the crystallization, the density
of the diamond grain distribution on the dresser base
surface and the protrusion height of the diamond grains [4].
Although the key factor in controlling the polishing pad
removal rate is the diamond type (nominal abrasive, less
aggressive abrasive or more aggressive abrasive), not the
abrasive configuration (random or structured, see Fig. 2) [5].
It was also observed that structured configuration provides
stable removal rate of dressing [6]. Hence, in this paper we
adopt uniform distribution for the diamond grains.

Pad Dresser

Random Structured

Fig. 2. Diamond Dresser Grain Configuration

Although in the last decade, the modelling of CMP has
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been progressed to a certain extent. Emphases were placed
on the physical interactions among the wafer, slurry, and
pad. The studies for pad conditioning were comparatively
not so much, see, for example, [3,7,8]. Since in the CMP
process, the amount of pad wear experienced at a point is
proportional to the conditioning density at that point [3].
In [3,7] only some simple kinematic analysis for the wear
rate were given. Therefore in this paper we focus on the
analysis of conditioning density.

The structure of this paper is organized as follows: In
section II, we start from providing the kinematic model for
the polishing trajectory caused by one diamond grain. Then
in section III, we assemble the trajectories generated by
the entire grains on diamond dresser, and provide a detail
analysis for the conditioning density distribution under the
assumptions that the diamond grains are uniformly dis-
tributed, and slowly sweeping motion during the dressing.
Finally, numerical examples are given to verify the proposed
analytical expression of conditioning density, and some
observations are also drawn through those examples.

II. THE POLISHING TRAJECTORIES GENERATED BY
ONE GRAIN

In this paper, we consider only the annular type of
diamond grains distribution. Fig. 2 shows a typical geometry
of an annular-type diamond dresser, in which R, and R;
are the outer and inner radius respectively.

dresser

Fig. 3. Definitions in pad and dresser schematic

Fig. 3 demonstrates the variables used in this paper.
Consider a typical contact point p (or a diamond grain),
we define

7p:  the position vector of contact point p relative to
the center of pad, O,,

7q:  the relative position vector between contact point
p and the center of dresser, Oy,

(xp,yp): the body fixed coordinate on pad,

(€y,€y): the unit vectors of coordinate syste_m()acp7 Yp)s

€y an inertially fixed unit vector along 0,0y,

€rpl A unit vector in 7,

€-4: a unit vector in 7y,

wp:  the absolute angular velocity of pad,

wq:  the absolute angular velocity of dresser,

P: the angle between €,.4 and space fixed e;,

0: the angle between €., and €;,

o: the angle between ¢€; and €.
Also, define v, as the angle between €,, and é,, hence,
A
Yp =0 +0, 2.1)
and for convenience define
Ao Ao Ao
rp = |[Ppll, ma = [I7all, re = [1Tapll- 22

It is easy to see that the two unit vectors €; and €,.4 can
also be written as

€; = cos(¢)é, + sin(p)éy,
€rg = cos(¢ + @), +sin(y) + ¢)€,.

Since the polishing pad and diamond dresser are rotating
with constant angular velocities w,, and w, respectively, and
without loss of generality, let the pad start at the initial
position that €, coincides with inertially fixed unit vector
i Hence, we have

¢ = —wpt, Y = wqt + Pg,

where 1)4 is the initial angular position of a typical contact
point p (or diamond grain) on dresser. In addition, the angle
0 can be obtained from trigonometric relationship

(2.3)
(2.4)

0 = atan2(rysinv, r. + rq cos ), 2.5)

where atan2 is the four quadrant inverse tangent. Note that
atan2(y,z) = tan~' (), if z > 0. Furthermore, assume
that the dresser undergoes a sinusoidal sweeping motion

re(t) = d + dssin(vs), (2.6)
where 1) 2 wst, and
d: the mean distance between the centers of pad and

dresser,
ws:  the sweeping angular velocity,
ds:  the stroke of sweeping motion, ds < d.

Hence, the loci of contact point p can be expressed in
the rotating coordinate (z,,y,) as follows

Tp€rp = Tp = T +f'dp = 14€rd + 7€, .7
= Tp€z + Yp€y,
where
zp(t) = racos(y + ¢) + recos(¢),
Yp(t) = rasin(y + @) + resin(e),

or in a more constructive matrix form
{l’p(t)} _ [rp Cos(wp)}
Yp(t) 7p sin(yp)
- 74 c0s(¥q) re(t)
= R(—wpt)R(wgat) [r‘; sin( w;f)] + R(—wpt) { 0 ] ,
2.9)

where the rotational transformation matrix, R(-), is defined
as

2.8)

R(-) 2 [COS(') 2.10)

sin(-)

—sin(-)} '

cos(+)
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Equation (2.8) implies that the polishing trajectories
(2p, yp) are a family of cycloids, and can also be realized as
moving circles centered at the contact point p, with slowly
varying radius 7., that is,

[y — racos(d + ) + [yp — rasin(é +9)]* =r?.
(2.11)
Hence, if r4+ds < d then there exists unconditioned region
in the central area of pad.
To reduce the number of variables, (2.9) can be further
written in the following dimensionless form

[%(T)} _ [pp COS(%)}

Yp(7) ppsin(iy)
- R(— pa cos(tha) [ pelT)
- R( T)R(wdnT) |:pd Sin(wd):| + R( T) 0 )
(2.12)
where the dimensionless variables
Aty g Ay, ATy o ATd s Al g,
Zp d7yp dap dapd d;s d, ( )
and y y
T= wpta Wdn é i’ Wsn, é 75, (2.14)
wp wp
pe(T) B 1+ 5, sin(wsn). (2.15)

Taking the inner product of both sides of (2.7) yields

2

T, = 72 412 4+ 2rgre cos(wat + Yq), (2.16)
or in dimensionless form
pf, = 2+ p? + 2pape cos(wWanT + 1q). 2.17)

It is worthy to note that ,, (hence p,,) is independent of w,.
Hereafter, without loss of generality, let us assume that

pa < 1,0, < 1. (2.18)
For the case wg, = 0,wg, # 0, the trajectory reaches
maximum p, in every dimensionless time interval A,
2
Ar =21 (2.19)
Wdn,

This is obtained by taking the derivative of both sides of
(2.17) with respect to T,

1
0y = — [(pe + pg o8 Y) dswsn cOS(Wsn T
o= [(pe + pa ) (WsnT) 2.20)

— PePdWdn SN w] s

and letting (2.20) equal zero then solve the resultant
equation. From (2.20), we know that p, is determined
by wgn and wg,. In the mean time, it can be shown that the
angular displacement, 1, advances

Aty = —Ar = ———,
Wdn

2.21)

for every At in the 7 domain.

Furthermore, after some algebraic manipulations, it can
be shown that

d —1{ Y
= — 1t _—
Priar an <9cp ’

. Wdn,
:f%*&%ﬁm%%WJ+£ﬂﬁ+éfﬁ%
p
(2.22)

p;ﬂ/}p

Hence, if ws, = 0,pq < 1, and 0 < wg, < 2 then we have

. 1 Wdn / 9
¢b:_1+§%m+§%(%—4)<m (2.23)
which means the trajectories on the polishing pad will
proceed backwardly.

It is easy to rewrite the normalized translational vector

nen )= [0
58qu+wmygm1%@q

2 [cos(1 4 wep )T — cos(1 — wen)T|

(2.24)

This implies that, in general, the motion of the vector 7,
is quasi periodic. The period (if exists) in the 7 domain of
7p on the pad is the common period of frequencies, (wqn —
1,1 —wsn, 1 + wsp, 1).

III. THE CONDITIONING TRAJECTORIES GENERATED
BY A DIAMOND DRESSER

It is evident from (2.11) that ¢4 determines the “orien-
tation” of the loci on the pad. This behavior is particularly
obvious when wg, is an integer or a “simple” rational
number, e.g. 1.2, %, %, .... This can be seen from Fig. 4,
in which the polishing trajectories caused by one grain of
conditioning dresser when wg, = 3 with various initial
angular position 4. Furthermore, Fig. 5 illustrates the
trajectories generated by one grain of dresser at different
location of radial distance pg4;. Hence, it is evident from
Figures 4 and 5 that the distribution of diamond grains,
or (p4,tq) equivalently, plays the role of dispensing the
trajectories on the pad when w, # 0.

The ensemble of the whole trajectories on the polishing
pad is represented by the following expression,

& nin] = ren [

j=1

Ng
+ R(—7)R(wanT) @ [lp)z Sinézjj))} 7

j=1
where

(Pp;>Wp;): is the jth polishing trajectory generated by
the jth single diamond grain located at (pq,,q,)
on conditioning dresser,
is the total number of diamond grains,

stands for the collection of the trajectories
generated by the N, grains on diamond dresser.

Ndl
d .
j=1°
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Fig. 4. Trajectories on polishing pad generated by one grain of dresser
with different wdj'

[0, ©,) =115, 0061, 5, =03, p, = 05, y,,=0, 1= 113.0973 [0y 0,,) =115, 0,061, 3, =03, p, = 0.7, , = 0, 1= 1130973

Fig. 5. Trajectories on polishing pad generated by one grain of dresser
with various pd;-

Since we have known that the amount of wear experienced
at a point is proportional to the conditioning density at
that point [3,7]. Therefore in this section, we are going
to determine the effect of the distribution of (pg,1q) on
conditioning density. The definition of conditioning density
(CD) is defined as the (time) average of total segment length
per unit area in the radial direction,

l/T lim Zje](ﬁp) %d/r
T 0 dpp—0 27Tppdpp ’

CD(p,) = 3.

where

pp: 1is the assigned radius on polishing pad (See
Fig. 6).

T: is the elapsed time in 7 domain, here we let T be
the period of the sweeping motion, i.e. T = E

dl;:  the length of trajectory segment caused by the
grain “*j” located at (pq, ,14,) on diamond dresser,

A . .
Ipp) = {ilew < pp, <pp+dpp,j=1,....Na}.
Note that the set I(p,) is time varying in general.

From the definition of A# illustrated in Fig. 6, it is not
hard to see that

2 2 2
+ c Ron
A =cos™! |min Pp T Pe ™ Tton ,1
2pppe

2, 2 2
+ 2 — RS
— cos™! |min Pp ¥ Pe ™ Bin 1,
2pppe

where R, 2 %, R;n 2 %. The length of each trajectory

segment dl; can be obtained from

(dppj)2 + (ppjdij)Z’j = la ey Nd~

Hence, for w,, < 1, after implementing (2.20) and (2.22),
it can be shown that

iy _ [ ( ey, ’ I diy, \*
dr dr Pei ~qr )

\/p?lj W, — (3, + Pflj — pP)wan, + pf,j,

(3.2)

(dl;)* = (3.3)

Q

ppj =0,
= Wdn = 1
\/ |wdn Wan — 1)]4 /s pd + k), otherwise,
3.4

where
(1 = wan)pp, + wanp?
wdn(wdn - 1)

Note that £ < 0 if 0 < wg, < 1. Assume that inside the
infinitesimal area 2mp,dp, the line segments produced by
each diamond grain is approximately equal to the average
value,

1>

A
s = sgn(wan (Wan — 1)), K

A a1 [Tl
ar )y~ Ron—Rin Jp, dar "
Pps Wan =0,
= pC) de - 1,
W fR on \/m dpa,, otherwise
(3.5)

for j € I(pp), and the total number of line segments is

N(pp) = 2ppAbdpy Dy, (3.6)

where Dd W is the density of diamond grains
distribution on dresser. Consequently we have

dl; dl;
~J N -7 .
DI W(m) , 37
JE€I(pp) e
which in turn yields
1 s dl;
D = — —Dy-2L . .
o) =7 | 3 d(dT)adr (3.8)
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The integral appears in (3.5) can be obtained from integral
table and is given in the following for convenience,

1
/\/—T2+kdr:2[r —r2+k‘—|—ktan_1( !

-2+ k

dresser

Fig. 6. Geometry of pad and annular-type dresser

Although from (3.2) and (3.5) we know that it is not
easy to analytically determine the conditioning density as a
function of p,, we still are able to obtain simpler expres-
sions for the following three cases. Also for convenience,
we define the unit conditional density as

1

CD(py) = FdCD(pp)~

(3.9)

A. Case I: wgy, =0

For the case wq,, ~ 0, each trajectory caused by jth grain,
(2.12) can be approximated by, for j = 1,..., Ny,

‘fpj (T) ~R(— Pd; Cos(wdj) pC(T) 3.10
o) =re{ [ i) + [57]} a0
which implies that the trajectories @;.V:‘il(fpj,gpj) is ap-

proximated by a series of concentric circles given by the
following equation,

7, (7) + 95, (1) ~

As a result, the length of each trajectory segment inside
the intersection area of 2mp,dp, and diamond dresser on
the pad, pp,Afdp,, can be obtained from the following
approximation,

dl; = ppdip, = ppdr, j € I(pp). (3.11)

This agrees with the one given in (3.4). Hence, we have

L [ A
Ws, / prdT
0

CD(pp) o

(3.12)

B. Case II: wgy, ~ 1

For this case, each trajectory on the polishing pad can be
approximated by (for j =1,..., Ng,)

Eﬁ 8))] - [ZZ Z?j((gj))} ~ R(-7) {p C(()T)} . (3.13)

[P, cos(a,) + pe(7)]” + 3, sin® ().

which implies

[Zp, (7) = pa; cos(vba;)]” + [T, ()
= pi(7).

— pa, sin(tg,)]”

This indicates that the trajectories @, (Zp. ,7,,) can be
Jj= 3 3
approximated by a series of circles with slowly varying

radius p., centered at € le(pdj cos(Ya; ), pa; sin(ta; ).
Hence, it is not hard to see that

dl; )
S x . jeIpy). 3.14
T~ pesj € 1(pp) (3.14)

This result also agrees with the one shown in (3.4). Hence,
we have the conditioning density for each grain

(3.15)

C. Case lll: wg, >1

For the case wg, > 1, we have for j = 1,..., Ny,

o] = ) [257] = Rt [0 b))

Yp, (T) Pd; Sln(quj )
which implies that
~ 2 . 2
[Zp, () = pecos(=7)]" + [Fp, (T) = pesin(=7)]" = p7 .

Obviously, the polishing trajectories EB;V:dl (Tp;, Up,) is a
series of circles centered at comparatively slowly moving

point, (p.cos(—T), pesin(—7)), with radius pg; .
U g i € 1(p,), (3.16)
dr ~ Pd; dn,] Pp .

Equation (3.16) can also be obtained simply by letting
wWan > 1 in (3.4). For simplicity, we use the average value
of % over the range Ri, < pq; < Ron,

1 Ron g1

o Ron + Rin
Ron - Rzn

E pdj - 9 wdnaj S I(pp)a

to represent the mean value of
that

,] € I(pp). It follows

(3.17)

Wsn /“)2:;’ Ad Ron + Rzn
—7wdnd7'.

2 ™ 2
IV. NUMERICAL EXAMPLES

CD(py) ~

Example 4.1: In this numerical experiment, we adopt the
following data: R,, = 0.4, R;, = 0.25,0s = 0.6, wgq, =
0.5,ws, = 0.01, Ng = 360. The CD of three different
kinds of diamond grain distributions (left hand side of
figure) are shown in Fig 7. As we can see, the analytical
expression of C'D matches that obtained from numerical
experiment very well. In addition, we also observed that
the pattern of diamond grain distribution does not influence
the conditioning density in a significant way, which agrees
with the conclusion given in [5].

Example 4.2: Consider a data set taken from the exper-
iment 1 of [7], Ry, = 0.357, R;p, = 0,05 = 0.682, wy, =
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Fig. 7. CD of different kind of diamond grain distributions with the

same Dg.

R, =0357,R_=0000, N, =332 R, =0.357, R, =0.000, 5 =0.682, o, = 1022 v =0054

S A S
st
Biinininy

Fig. 8. CD of Example 4.2

1.022,ws, = 0.054. The shape of C'D shown in Fig. 8 is
very similar to the wear thickness given in the paper.

Example 4.3: Three different sets of data are used for

this example, Ny = 360 in all the following three cases:

1) Ry =0.5,R;, =0.3,65 = 0.5, ws, = 0.01.

2) Ron =0.3,R;, =0.15,05 = 0.7, ws, = 0.01.

3) Ron =0.5,R;, =0.0,6, = 0.5, ws, = 0.001.

The corresponding results are shown from the top to bottom
in Fig. 9. Some interesting observations can be drawn:

1) wan =~ 2 provides a flatter distribution of conditioning
density in the area around p,, = 1, although this needs
to be verified analytically in the future.

2) In the mean time, it was also observed that to have
flat distribution of pad wear rate we have to make the
ratio of disk-radius-to-pad-radius as small as possible,

3) As wyy, increases, the peak of pad wear rate moves
toward the central area of pad (p, = 0).

V. CONCLUSIONS

In this paper, we present a precise CD function through
a kinematic model describing the polishing trajectories
generated by diamond dresser. The only assumptions used
for deriving the CD are: the diamond grains are uni-
formly distributed, and slowly sweeping motion during the
dressing. This CD function is verified through numerous
numerical examples. In the mean time, it was also observed
that to have flat distribution of pad wear rate we have
to make the ratio of disk-radius-to-pad-radius as small as
possible, and the effect of the pattern of grain distribution on
conditioning density function is insignificant. In the future,

R, =05,R, =03,5,=050, =001

W
W
Q&Q \\\\\\\\\‘

W

CD(p D,

\
N

R, =03,R, =0.15,5 =07 0, =001

&
RN
i

R

Fig. 9. CD(pp) with 0 < wg, < 10.

lab experiments must be conducted to rigorously verify
the relationship between pad wear and conditioning density
function. Finally, a question we eagerly want to answer:
Can a sweeping process achieve a uniform profile in the
CD? The answer is no.

REFERENCES

[1] K. Achuthan, J. Curry, M. Lacy, D. Campbell, and S. Babu, “Investi-
gation of pad deformation and conditioning during the cmp of silicon
dioxide films,” Journal of Electronic Materials, vol. 10, 1996.

[2] T. Manabu, “The trend of the technology of cmp equipment,” Journal
of Electronics, vol. 6, pp. 96-103, 2001.

[3] B.J.Hooper, G. Byrne, and S. Galligan, “Pad conditioning in chemical
mechanical polishing,” Journal of Materials Processing Technology,
vol. 123, no. 1, pp. 107-113, 2002.

[4] Y. Chang, M. Hashimura, and D. A. Dornfeld, “An investigation of
material removal mechanisms in lapping with grain size transition,”
ASME Journal of Manufacturing Science and Engineering, vol. 122,
no. 3, pp. 413-419, 2000.

[S] M. Bubnick, S. Qamar, T. Namola, and D. McClew, “Impact of
diamond cmp conditioning disk characteristics on removal rates of
polyurethane polishing pads,” tech. rep., Abrasive Technology, 8400
Green Meadows Dr., Lewis Center, OH 43035, U. S. A., 2001.

[6] J. Sung and Y. L. Pai, “CMP pad dresser: A diamond grid solution,”
in Advances in Abrasive Technology III, pp. 189-196, The Society of
Grinding Engineers, 2000.

[7] C.-Y. Chen, C.-C. Yu, S.-H. Shen, and M. Ho, “Operational aspects
of chemical mechanical polishing polish pad profile optimization,”
Journal of The Electrochemical Society, vol. 147, no. 10, 2000.

[8] Y. yang Zhou and E. C. Davis, “Variation of polish pad shape during
pad dressing,” Materials Science and Engineering, vol. B68, pp. 91—
98, Dec. 1999.

2057



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


