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1. INTRODUCTION

Fusion reactor performance depends upon the rate of impurity injection into a plasma. This in turn has
some effect upon the lifetime of the wall or limiter, and the rate at which radiation power is lost owing to
the presence of impurities.

In a previous data library [Cook and Rose 1981], the Maxwellian-averaged rate of sputtering was
tabulated and made available in magnetic tape form. It has since been added to the atomic data library
ADL-1 [Clancy, Cook and Rose 1981]. However, since that time, new experimental information has become
available on the angular distribution of sputtering coefficients [Cooke and Rose 1985] and this affects the
Maxwellian-averaged coefficient quite considerably. The present report gives an updated version of the
sputtering rates for twenty-one target materials. together with the laws governing the extrapolation procedure.

2. SPUTTERING RATES

The law found for the sputtering rate of a material with incident ions of mass m, and wall material of
molecular mass m, are [Cook and Rose 1985]

E'“ET
S(E 8) = A(m,m,) { ———=—) e e~ | ]
(E, 6) (m, “);(E-f-B)z}e M
where E is the energy of the incident ion, E is the threshold for sputtering
4m|m2
= E/(v(1-y)), where y = —F——5,
(m+my)°

E, is the sublimation energy = 0.0345Ly, Ly is the latent heat of sublimation, t = 1/cos 8, and § is the
angle of emission of the outgoing ion.

The Maxwellian-averaged sputtering coefficient is
' TR

S(T)=% T~ L: dE [ d9 S(E ) E* e~/ .
The scaling coefficient A (m ), m,) is
A(m\my) = A(m,) exp (m,—1)
= exp(Co+Cim,) , .
Co = —11393, C,=015362for22<Z, <29 ,
Co = —18187, C,=0.15362 ford4l < Z, <47, and
Cy = —31409, C,=0.15362for74 <Z, <79.

The constant value of B in equation (1) is B = No Ry; Ry = N7 where R, is the average lattice spacing
¢ = the microscopic absorption cross section; N is the number density = p Ny/m,; g is the density of the
wall and Ny is Avogadro’'s number. The average over angle is

S(E) = lli_ S(E0) . )

The integral (1) was evaluated both numerically and analytically and the agreement was seen to be good.

The resulting coefficients are plotted in figures 1 to 21. Tables of these values are given in Appendix A

together with temperatures in the ADL-1 format. It must be remembered that if T is the plasma temperature

at the wall then, owing to the existence of a surface electrical sheath, the ions are accelerated to an effective

temperature of 3T; this must be used when referring to the tables. The nuclides covered are Be, C, Al, Si,
Sc, Ti, V, Cr, Fe, Co, Ni, Cu. Zn, Zr, Nb. Mo, Rh, Ag, Ta, W and Au.

3. REFERENCES

Cook, J.L. and Rose, EK. [1981] - SPUTLIB - a library of Maxwellian - averaged sputtering coefficients.
AAEC/E54].

Clancy, B.E., Cook, J.L. and Rose, EK. [1981] - ADL-1 : An atomic data library for the use in computing
the behaviour of plasma devices, including fusion reactors. AAEC/E5135.

Cook, J.L. and Rose E.K. [1985] - The effect of the angular dependence of sputtering in fusion reactors. Aust.
J. Phys., 38:623-31.
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* TEMDIODATURES
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6.000F=-01L
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*
*

ANC=DEPD.
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APPENDIX A

Angular dependent sputtering coefficient library — March 1985

™
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ANG=DEPe.
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1.8503F=02 1.604FE=02
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*
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2.621E-05

ANG=NEP,
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2.627E=02
1.688E-02
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ANG=DEP,
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24 275E=01
1.148E-01
Je835E~02
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ANG-DEP.
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ANG=-DEP,
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SPUTTERING CQEFFT YOR
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SPUTTERING COEFFT FOR
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1.322E-02

1le331E=-02
1.0645-=01
1« 600E=01
1.218%-01
$.338E-02
1.007==-02

3e5790E=0
1.1415-023
e $L0E=0-4
e JSSV:-O‘-‘
1.789E~-0+4
1 527E=~US



9 ¥ ®

2.038F-0"1
24236F-02
Se132F=-02
3 214F-02
1«6207¥=02
3«558F=073
8« 879E~-04

*

*

6e525F=04
1.744F-02
1. 083F=01
1.510E-01
0.873F~02
3.383E-02
6.020F=03

*

*>

5370E~07
7. °50E~06
2., 188F~05
1. 583F~05
Be 263E~046
2.835E~06
5.042F~07

W

*

4.136F~04
D+ 493F~-04
5.945F-04
2.927F-04
1.028F~04
1.827E~05

ANG=-DEP.

ANG~DW% P,

ANG=-DEP.

4e528F-03
2.561E=0)2
S.118E=-02
2.8353E-02
1« 447E~-02
10 845T-03
T2 289E-N1

1. 9518=-03
20 174E=-02
1.167E-D1
1e444F-M
Be705E=N2
2.533E=N2
40 141 E-03

1. 310E=00o
1. 073T=N5
2 [ ] 2 1{)5_05
1e421E=-05
7436 6E~-06
2.47E~-06
37205-07

8e 375E-03
14737E=-04
5.466FE-01
5¢2337=01%
2.669E-04
S J62E=05
1«3 138E=-N5

7.224¥-03
2.891E-02
5.080F=02
2¢573E-02
1. 306F—-02
40316¥-03
5874E~04

3«702r-03
3- 458!’:-02
1.237r-01
1. 2374F-01
73957502
2.630E=02
3¢570E-03

2.230E-06
1.147F~-N5
2.227FE-NZ
1.292F=-05
6664706
2.203E=06
2e9)3F-07

1 33¢F~-04
e J48E-D1
9.306F~-01
4.70605-04
2. 415%~-04
72984E~05
1.086F-05

17

ANG~DEP., SPUTTERING COEFFT FOR

1.,000E-02
103735"02
53.027E-02
2.338F-02
1.185E=-02
3.205E=-03

SPUTTEPING COLTFT FOR

5.333E-03
4o U0 2E=N2
1.225E=-01
1.306E-01
Te2854T=02
2.350E=02

SPUTTFPING COFFFT R

34238F=-06
let 437=05
2.228L-035
1.151£=05
G«100E-06
1.3U3E=06

SPUTTERING COEFFT FOR

1.3¢10-04
EeNB3E~-04
Ce208F-04
42 125E=-04
2.2110-01
7.2231-05

AL D+

1.301¥-02
4., R13E-02
2.1417-02
3. 575E-07

AL 4HE*

8. 298F=-03
6« 98B4F~02
1.241F=01
6.730F-02
2.178T-02

S1 D

2.407r-04
S8« ©03F~-04
Oe 1 83F=0N4
20 043E-04
e 612F=05

1. 605F=-02
5«019E-02
4-254E" 02
1¢974E-02
B.142FE~-03
3.303E-03

1« 197F=02
S«555E-02
1. 5531F=-01
1.130E~-01
44966E~02
2,013E=-02

50476E°'0b
2.050F=05
2.010E-05
1.N05F=05
4 1 539F =06
1.586F—06

30(‘505-04
1.5077=04
6.110¥v=05

1.917E-02
5« 108E~-02
3.666E-N2
1.829E=-02
6¢567E-0J
1.661E-0)

1.,412E=-02
S5.313E=-02
1.550E~-01
1.123E-01
4.002E-02
1.012E-02

06875-00
- 37E=-05
1.. " 2E=-03

Se3x =06
T A52E-06
8. 17UE-07

3.546E=04
e 410E-04
6+781E=04
3.3835=-04
1« 215E=-04
2.073C—( 3



*

x

1.202F-05
3«212E-04
1. 995E~-03
2.781E=03
1.818E-03
6.235E=-04
1.109E~04

*
*

3.,011FE-06
4.915FE~05
3.960F-04
Se529F-04
J.650E-04
le 252F=-04
24226E~-05

*

*

1.289F=05
3« 366E-04
1.837E=023
2. 482E-07
1.579E~03
S¢413F=04
9.626E-03

*
*

3.346E-04
T7.387E=03
4,587F=-02
7« 090E=02
4.933E-02
1692E-02
3.008E-03

ANG—-DEP,

J.593E=-05
40N 04E=-04
2.150E-03
2.6608—03
1.620E-03}
S« 438FE~04
8.189F=05

ANG=DEF,

7+ 638E=06
5758E=05
4.266E-04
5« 291E-=01%
3.252E-04
1.092F-01%
1. 642F=05

ANG=DFP,

Je B23E=03
4.320E~-N4
2.071F=-03
2¢353E-03
1.406E-N3
de 721¥%=04
7+ 102F-035

ANG—-DEP.

S.603E-04%
B8e5343F=-N"
4.979E=-02
6877E=02
4393E—-02
1.475E~02
2.219F—03

6.818F-05
4¢ 526F-04
2.,278E-02
2.331E-02
1.465F-03
4¢8-$14E-04
6.592F=05

1. 317E~05
6+633E-05
4. 320F-04
5.033E-04
2.942E-04
9.7247-05
1.323E-03

7.223E=03
4. 852E=-04
2.180€E-03
24224F-'01
1.,272E-03
4.206T%-04
5.723F-05

1. 77¢0~'03
9.600F-03
S+309E-02
6.621E=02
3s876E-02
1.314E-02
1.7895-=03

18

SPUTTERING COYFFT FOR

1.074E-04
9.1:7'5'“—04
2.384T=-03
2.403E-03
1.341E-03
1.383E=-04

SPUTTERING COEYFT FOR

1.038L-05
1.683E-04
1.731E~04
4.7¢NE-04
2.0493E-04
Q.798E~05

SPUTTERING COEFIT FOP

1. 134704
Be1673E-01
2.260E=03
2.102E=01
1163E-03
3-805“’04

SPUTTFRING COETFT FOR

2756E~-03
2.017E=-02
55G0E-D2
0Ge356N=02
J3«C $0E-02
1.1897~-02

ST 4HE+

10528?’04
1¢286F=-01
2.473F-03
2. 285E-03
1« 240F-03
4.012F=04

SC H+

2.615T-05
24536F-04
4e GORE~-D4
4. 554r=04
2.438F-04
8-054F—05

SC p+

l1.£10L=0+4
1.291F=-03
2.2421-03
1.U0381-03
1.076F7-03
Je 4537r—-04

SC 4HE+

32 86CFE-00
2.8687-02
S.830L-N2
€+ 084E-02
3363F-02
1. 088F=-02

2. 032F=04
1.576FE~-013
2.836E=-03
2.173E~-03
0. 145F-04
3.707E-04

3340F-05
1. 126E-04
S5.662F-0N4
4.3733F-04
1« 336F=04
T« 412E-05

2,143¥-04
1.561F=03
2.£721¥=-03
1.£33F=-0)
7«040E-04
J.219r-04

S.106E-03
3e556F=02
€. S 8TE-02
Se841F~-02
2.481F=02
1.0)6F=02

2.601F=04
1.307E=03)
2.8371FE~=03
2. 069E=07
7.371F=04
1.865E-04

4. 105E=03
Fa 5EXE=04
5.703F-0+4
1a1270-04
1.430E=04
Je7H43E~03

2 TI0E~04
1.770E-073
2.581F=03
1.786FE=-013
6¢350E=0 1}
l.610R=04

6.228E-03
44120%~02
7.131E=-02
54602E-02
2.0005=02

5.030E-03



*

*

4¢554E~0¢6
T7¢434F—-05
5¢920F-04
S« 363F=04
5¢520F-04
1. 892E=-04
J.366F-05

*

*

1. 775F~05
4+ 636E-04
2.668E~03
3.418E-03
2.174E-03
7.456F=04
1. 126E-04

*

*

5.011%=04
1. 106E-02
68370%=02
1. 062%-01
7.388E-02
2.539F=-02
4.505E-03

02F—04
774FE=03
2. 477E-02
1«635CE-03
S5¢607E~04
9.970F-03

a*

%
1.3497-'03
2.2

le

ANG—=DFEP.

ANG=NCP,

ANG~-DEP,

1., 155E-03
Se TO08F=03
6¢453E~04
Be 1) 3IE~04
4918E-N1
1.6515=04
2+484E-05

56 26bE~-035
5330E=-041
2.852E~03
3.241F-03
1.9737E~012
9.782E~-035

1« 4713E-03
1«279E-0N2
7e456E-02
1. 030E=01
6.581FE=-02
2.209T-02

J3e321F-03

2.377u-04
1.911E-03
2.370F=03
1.457E-03
1. 990E-04
7«3565=-05

ANG=DEP+ SPUTTEVING

{.991E-03
1.003F=04
6.836E-04
Te02U0E~04
4.440E-04
1e4717-04
2.002E-03

SPUTTERING

3.94CF=05
6+633E-04
3« 064F-03
1.752E-03
S5e¢T793F-04
7.883r-035

2.664T=03
1.451E-02
7-E51F=-02
9:C16TF=02
S5¢834r-02
1.956EE=02
2.674F=03

3. 8I5F-05
20717=04
2.025Fr=-03
2.2575=-03
1.318E-03
435604
£49281-085

19

COI'FFT FOPR

7« 155E-04
Tel2i5L-04
+.073L-04
1.331E=-04

COT2TT T OP

1.5631-04
1.303E-017
J.1237r-03
2.805n-03
1.624i0-03
S«241E-04d

SPUTTERPING COLFFT FOF

4.127r=03
J.021F=~-02
8¢ 3T71E-02
3.5181=02
SediS1E-02
1.751L~-02

SPUTTEPING COQLFFT FOR

B« L50T~-05
7e3385T-0%
2.110F=-03
2.1326%~-01
1.200F=-03
J.041F=04

TI1 H*

3.555F=05
Je B66F=-04
T«423F-04
Ge E85F~-04
3.763F=01
1. 218E=-04

T! D+

2.218F-04
1. 783FE=-01
3.226E-03
2738E~01
1« 4%82F-03
14.708r~-04

TI $HE+

5.7¥5E=03
40295T=02
Be¢T721F=~02
e 126F=02
5. 036F-02
1.60F=-02

vV H*

1.171¥=-04
1. 145F=07
2-040}""03
1.1151-03
. 60EF-04

5«052E-05
4. 732E=-04
64 533E=074
2.777E=-04
1.126F=-04

2.{!52E~04
24151F=03
3.610E=-03
2.593F=03
1.094F~-02
4. 4331~ 04

7.64T7E=03
S.326FE=02
1.046E-01
8.748F=-02
J.716F=-02
1.506F=02

140 6T =-04
1.4027-03
2.539F-03
1.¢41F=-03
Be224E~-04
3.334F-04

6¢214E-05
5.420E~-04
S+ 623E-04
bel42E-04
2.238E-04
5.661E-035

3.700E~04
2.438E-03
3.568E-03
2« $6UE=0)
881 1E-04
2.230E-04

9.327Lt=0J
6e170L-02
1.077r=01
S.1380E=02
2. QU5E-02
73576%~03

1.340L-0 %
2.555E-0)
1. 345T-01
be 623E-04
1« 677E~-0U4



n * #*

S« 8839E-05
1.538E=03
8. 850F=03
1.134E=02
T«214F-03
2.474E-03
44 399E-04

* ANG—-=DEPo,

*

1.544E~03
3. 408F=-02
2 117F=01
34272E=-01
2276F-01
7«805F~02
1«388E~02

*

*

8. 875E-06
1.449E-04
1. 167F~03
1.630E-03
1. 076E-03
3.689F-04
64 560E-05

*
*

3.800E~-05
G.226E-04
5«711E-03
7«318E-02
446 55E—~03
1.596E-03
2839E-04

ANG=DEPe

ANG-DEP.

1. 7178-04
1«974E~-01
9.463F-03
1.073E=-02
6e426E-03
2.157E-03
J«215F=-04

4..431E=-03
Je428=02
2.297E-01
J.173E=-01
2. 028E-N1
6807F=02
1. 024E=-02

24 251F~05
1.697F—-04
1.258€E-03
1. 569F=07
D«581E-04
16 2139E~=04
44 840E=035

1.128u-04
102745‘03
6.‘072-03
6+9739%-03
4e 1 47FE—03
1«392E-03
2.024E-04

SPUTTIERING

3.301F-04
2.217E~023
2.960r-03
1.016E-02
5.814F=0C3
1.,922r-'03
2.615F=-04

SPUTTERING

8.209E=-03
4.471E-02
2.450r=-01
3.055F=0i
1.834E~01
6+064E-02
8¢253F=-023

J3.881E~05
1.955E~04
1.332E-03
1.485F~03
S«671E~01
2.E866E~-04
3.901E-03

2. 130F~-'04
1.431E~-03
6.428E-C3
6.559%-017
34752FE=03
1.2408-03
1.688F-04

20

COERIT FOR

5.18-tE~0+¢
4.324E—03
1.037%.~-02
9-605E-03
S5322E~03
1.739E~02

COEFFT FOPr

1.272F=02
2.308E~-02
2.379E=01
2,033F=~01
1.672E~-01
S«¢486E~02

ANG--DEP, SPUTTERING COEFF¥T FOW

5.711E=-05
1.960E-04
1.394F=-03
1.4128-017
T.938T-04

2.503E-04

SPUTTEPING COLI'FT FOP

3«34¢CE~-04
2,751T=-N2
Ca6O1E=01
64103%=-03
J+435E-03
1.,122E-03

VvV D+

7.357F-04
S« 915E-01
1. 070F=-02
9.084r~-03
4. 918F-03
1.582E=-01

Y 4HE+

1. 785E=02
1.3235.=-01
2,6201r-01
2.812r-01
1.552¥-01
S.022F=-02

CR H*

7.7071 =05
7.534r=04
1.447E-03
1.342F-0"
7+ 335FE=-04
2.374F-04

CP D+

4.743E-04
3¢5177=-07
€eENCT=-03
5.862F-03
3.174F-03
1.027r=0"7

e 7G04F=-04
7.135F=-03
1. 103F=-02
%« 604FE~-03
J«628F-03
1.47‘F-03

2.356E=02
1le641E-01
3.22147-01
2+4605F~-01
1.145F-01
4.641F~-02

Y«48545F=-05
£e222F=04
1«671E-03
1.2777=03
S5.411F~-04
2.194F~04

1. 217E=-03
Be«DUYOE~0UT
1.184E-02
8.162E-01
2.5924E-0D
T 398E-04

2.374E~02
1. 801E-01
JeJ183~01
2.5853-01
9.227E-02

2.334E-02

1. 2116~-04
1.058F=03
1.631F~-03
1.216r=0)
1.361F=-04
1.103%=-04

S3eN50F=-04
5.221E=0)
Te56-10E=01
5206701
1.887L-03
1 7740-01



¢« 865F=-04
2«178FE=-02
1.352F-01
2.091F-01
1.454E~01
4.987E-02
B« 849F~03

J o %+ ¥

&
e

1. 29T7E=~05
2.280E~044
1. 837F-03
2.5657=-073
1.693F-03
580SE-04
1. 032F-04

[ . 3

5.082F=05
1.728E~03
T« 6JYE-03
Q. 788F-03
€e«227F-03
2. 135E=-03
3«797E-04

'« S5K1F=03
«490%—-02
2.167F=01
3 350F=~01
2.331F-01
7.991E=-02
1« 421FE=02

*
*®
1
3

ANG—=DFPe.

ANG=DF P,

ANG=DEP,

ANG=DEP,

2.871E=03
2.35319E-02
1.468E-01
2.027=5-01
4. 3530E=-02
6.3 13E=03

1o 543F=035
2.671E=041
1.278F=0)
2¢451E-01
1.3508E-93
SeN64v~04
Te61TE~N5

15085=04
t.704=~073
8¢ 16SE~D1
9. 282E=-07%
S5«547F~03
1.862F~03
2891E~-04

4¢517E=03
1.036E-02
2.352E=01
T2249%-01
2.076%-01
6Ga270%=02
1.N47L=02

S5¢246F-03
2857E-02
1.563E-01
1.1727-01
3e873E=-02
54273F-=03

6. 108F~05
3. 077F-01
2.006F=-03
2,237%=03
1.363E-03
4.511FE-04
€. 135E-05

2.340E~-04
t.014E=072
3.598F-03
3774%~-01
S.018r~-073
1.630F~-02
2.258%-041

«405F=-03
«37EF-02
2.50FF=-N1

: td v D

66 200E~Q2
8e430%m-N3

21

~

SPUTTERPING COEZFT FOP

E5e¢125E-03
594802
1.618E=-01
1.5745=01
{.0735-01
3.500bF=02

SPUTTEPING COEFTFT FOR

EeIS3E=05
7.E£03E-N4%
2.124E-03
2.222£-03

e 249E =03
4,0815-04

SPUTTERING COEFFT FOR

4.475E~04
Ne733F=-0NN
8e U40E~0J
je 281F=07
1¢5048-03
1.5301E-01

SPUTTERING COEFI'T FOR

1.302E~02
CenINII=-02
2e641E~N1
3.707T~-01
1.7191-01
Se6p6177=02

CR 4HE+

1.141F=-02
8+4535E~02
1.710F=~01
1.797F=01
BeSL6F-02
3. 209E=02

FF U+

1.213x=N4
1.186F=07
2.277F~03
2. 112F-013
l.1541-03
3.736F=04

TF D+

t«351F=04
5. , 06}'-03
9.238¥-03
7.841F-03
1 374F¥-01

FI 4uUr+

1e828F=02
1. 355L~01
2.754F~01
2.879r~01
1. 580F~01
Se1421~02

1.505F-02
1.048E-01
2.060r-01
1.722E-01
T«316F=-02
2.8965E-02

1.519E=04
1.451 =03
2.630FE-13
2.0107-03
8.516F-04
3.452E-01

Re454F=04
be 159F-0D2
1.0341-02
7+427F=03
3.132F-03
1.270E-03

2.412F=02
1.650F=-01
J«3D1FE-01
2.760E=01
1.172F=-01
4732702

1.836E-02
1.213E~01
2.120E-01
1.632E-01
3« 886E~02
1.402E~02

1.906E-04
1e6647~03
2.615E-0J]
1«914E-03
6o ‘303}'_--04
1. 736—-04

1« 077E~03
1.022E-02
7+040F-02
2.524F~=03
6o ’380}:—04

2aUL2E-02
1.940E-01
3.307E-01
2.646E=-01
Oe 317E-02
2,3908-02



*
*

Je228E-05
5269F-04
4.245F-03
54927E=03
Je913E=-0]
1.342E=-03
2.386E-04

*
*

1.166F-04
3.045E-03
1a752F-02
2.245E~02
1.428F=02
4. 887F-023
8«707E~04

*

*

8« 788E~03
1.940%-01
1.205F+00
1.863E+00
1. 296E+00
40 443F=01

*

*

2¢674E-04
4.365F=-03
JeS17E-02
4.211F-02
Je242E-02
le112E-02
1. 977E-02

ANC=D%Pe

8« 183E-05
6 172E~-04
4+573E-03
S5.67271~=03
3« 435E~N3
1.170F=03
1.760E=-01

ANG=DEPe.

Je 450E-01
3.908F=~0)
1.873E-02
2.129E-02
1.272E~-02
4.271E-03
60 424E~04

1.411F=-014
T« 110F=N1
4« 345F-03
S5S«.401E~01
J.153E-03
1.042=-03
1.419F-04

SPUTTEPING

6 534E~04
4.380t=-013
1.572r=-02
2.N112%=02
1.151E-02
3.804F=-03
5¢177E-04

22

SPUTTEPING COQOLFTT FOR

2.077E~04
1.30:4=-N73
3.071E-02
5.135E~01
2.337C~-02
£ed31r=-01

COERET FOR

1.026E-03
8e56IE-01
2.032E-02
1.801E~02
1.03547-02
2.112E-01

ANG=DEPe SPUTTERING COETFFT FOP

2:522E=02
24244E-01
1.303E+00
1. 806E+00
1. 154E+00
3.875E-01
S5+830E=-012

ANG~DEP.

6e¢ T8IE=04
S« 113E~-0)
3.789E-02
4. 620E-02
2 888E-02
9.695E-01
1.458E-~03

4¢674FE=02
2.545F-01
1. 335E+00
1.730FE+00
1. 044E+0Q0
3¢ 432F=-01
1.6987=-02

SPUTTERING

1.162F~03
5891E-03
14014F=02
1« 475T=-02
2.612E-02
S+ 636E~-07
1.173E-0J

7.239E-02
S5e¢200E=-N1
1.1683E+00
1.670F+00
Je5061R=01
J.123r-01

CORFFT FOP

1.721-“"03
ledt4r=02
4e202E-02
1e254r=02
2.372C-02

coO H+

2.803r-04
2.740F~073
5¢261r-023
4.882Fr=-01
26671 -03
So 633F=-04

Co D+

l- 4561’-01
1.1717 =02
2« 118F=-02
1.748E~-02
Ue¢732F-02
T« 151F=0"7

CO {HE+
1.0161~-01
7.£233E=-01
1.531F+00
1. 6011 400
84534101
Z2+859T.-01

2+4270E-02
4.359F=02
4. 044T-02
2210E=-02
7+ 153F-073

J« 5807~ 04
1« 354F-01
€. 077703
4.€45¥%¥=-03
1.468E-03
T2 977%=04

1.239E=-03
1.412F=02
26371E=-02
1.703F=02
T«182E-Q2
2.511r=-03

1.341r-01
1.£35Cc+N0
1.5341+00
2:46427=-01

2.066F=-02
2.778F=02
5¢035E-02
Je348E=02
la 630}‘-— 02
6« 609F=03

440 “:“‘04
Je8546E-03
6. 11JE-01
1. 424E-0U1
1+ 5S86E-0)
4 012E=01

2.4692-0)
1.602E-02
243431-02
l«616F=02
54 789E-03
1+14645~03

le636F~-014
1.082F7+00
1. 38UE+0N
147204010
52353E-01
1.3291-01

e 18067=-02
5.0065E=-02
e 6655E~02
1.314L-02
Je324E=013



*

*

1e 1 53F=04
1.085F~02
64241E=02
7. 99TF=-02
LeN8TE=02
1.744E~-02
3. 102E~03

*
%*

1« 476F=-03
3.258E-02
2.023E-01
Je128F~-01
2e176F=-01
T+ 4€2F~02
1.327F=-02

%
*

1.928F¥=072
3«358E~02
1.512E-01
1. 380E~=01
7«709F-02
2¢643E-02
4¢700E-03

*
*

1.680F=01
3+384F-02
2.637F=01
54386E~01
44327E=-01
1¢484%-01
2.639F-02

ANG--DEDP,

ANG—DEPe.

ANG=DT.P,

1.2320-03
1«10 2F=02
be6T7IE-~02
T« 30QF=02
4e 532E=-N2
1.521F=02
2. 289E-0N3

4¢276T=03
Je768E~-02
2.196E-01
TFa NDIT=0),
1. 83SE=-N1
6c59RF=-02
9.7¢0FP=N3

4, 223E~073
3P 17E-N72
1e 5649F~01
1. 261FE=01

Je 958E-02
2.921F=-01
3.4321=-01
Je 833F-01
1.294F=-01
laG47E=02

2-328F“03
1e561E~02
7.024E-02
Te16SRE=-02
1. 10NE~02
1.355F~-N2
1e8344E-03

SPUTTEPING

7. 348FE=03
e 2741=-02
2.342F-01
2.0217=-01
1.734r-01
3.797E-02
T 8DNE-ND

83.725F-03
1e562F-02
1.600F-01
1.160%=01
6.2131-02

2 1)3E=0N2 2.034F=02
J.468%~03 2.793FE-93
ANG=NEPe SPUTTETING

23

SPUTTEPRING COREFIT raop

3«5S6E-03
N 350E~-02
T.311L=-02
€7 T3FE=0D
JeTHIE-0D2

1,226E-022

CHALRT For

1.2167T=-02
3509L-02
24106 -01
QesudT=N1
1l.605E=01

S5e245%=N2

SPUTTEFING COEFFT FOn

1.2056=-02
S.26101=02
1.6 33E-01
1.V71E~0?
5«4L37E-02
1..358E=-02

COLFYT FoR

SOSJOF—OJ 1-3055-02

1e3306E=02
del71Y=-01
S5¢290F=01
3¢437T-01
1.1335~-01
1« 3657=02

1.015=n1
3.004E~011
51320E~-01
3.1903F~-01
1.04730=-01

NY D+

Se1547~03
4.1711-02
Tel47E~-02
tedNEE-02
Jed€8I-02
1.129F=-02

NT fHE+
1. 707E=02
«203%=01
2.5721=01
2.6857=01
1.4902r-0t
<t 8011 =02

cU Ht

1-7601-02
1.1627=01
1.658F~01
Cel24r=02
3 230T-02

1.701r-02

CU tHE+
1.3161-02
1.212r=0n1
Je SQ2E~01
S$«222F=01
2.050F=-01
$aS3RF~02

& “07F-03
5.032=02
S.446F-02
Lo NHESE=DD2
2.53539%=-02

1.037F=02

20232F-02
1. 569E=01
3.082E-01
2¢377F=01
1.003F=01
1e437F=02

2.251F=02
1.3221=-01
1e€£37E-01
«237F=-02
JeET77E-02
1.572r=-02

Ne3T7EE=02
1,84427=01
1.763E-01
5¢112¥F=01
2.1771+=01
HaS23F=02

e 7UTE-0 ]
De705U=u2
SeJ48E-N2
Se730E~02
2.062E=02
5¢217E-03

2e7470-02
1.3517=-01
J3e 172E-01
2.4715_01
BeB2LE~-02
2222802

2. 7851 =-02
1.430v-01
leolNE~-01
NeH28UZ=12
3.125E-02

Te905%~-0)

2«313%~-01
5.223E*01
e 8B UE=D1
44435802



*

*

6+ 934F-05
1132E-03
9-120E—03
1.,273F=02
8. 405F-03
2.882E-023
5¢125E~04

*
b 3

2.969E-04
7+ TS6E-03
4.463E-02
5¢718E=02
3.637TE-02

1.247F=02
2.218E-03

*
%
T«707E=-01

ANG=DE P,

1.7595~04
1.3126E~03
9.825E-03
1.2108=02
2.514%=07
Je781E-N1

ANG=DEP.,

8.810E~=01
9e¢954E~0]
4.771F=02
Se4?22F=02
Je240E=02
1. 088E=02
1.636E-0J

ANG=DFPe

24212%8=02

-0

1.702E-01 1.,968F=-01
1. 05S7E+400 1. 147E+90
1.633E+00 1.381FE+00
1« 136F+00 1.012E4)0
3.896E_01 J«J98F=-01
€e929F-02 5.112E=02

* ANG=DEP,
*

S8e482E- 07 24 222E=N6
14524F—05 1.7¢3E-05
2174F=04 2+4653E-04
54235F-04 5.273F=04
4¢ 165E=0C4 3.710E-04
1,428F=~04 14246FE-04
2¢340E-05 1«874E~05

3.032E-01
165275=-03
1.041F=02
1.16NF=02
6.774E-03
2.233c-03
J. 04EFE=-04

1.66%F=-02
‘o 118‘:_02
3 022E~-02
S«125E~-02
2-931?‘02
4ea691F=-03
1.319E=-03

4. 038F=02
2.232E=-01
1. 223F+30
1525F+00
go 158!?‘01
3. 027E-01
1. 12NF=02

3¢ 802F=-06¢

2.728F~01
Je 226F~01
1.110F=-04
1.510F-05

24

SPUTTERING COLFIT FOP©

4edG2r=04
3873E~03
1.089E-02
1,103r=-02
Go 20 lF.‘O:,
2.026E=-03

SPUTTI®INC COEFFT FOPR

2.180E-02
S«228E~-02
dodxdE=-N2
2.631E-02

SPUTTERING COETFT FQP

€ e345T=-02
1.647C-01
1.288E+00
1e6464C+00
3.384E~-01

SPUTTEVING COLFrT FNOR

Se318E~D6
504‘115"05
5.132FE-04
3.073L~04
1.004£~04

ZN H#*

6. C217=-0+4
Se 856E~0)
1. 130F-02
1.042%-02
5.730r-03
1.8a57=-01

ZN D+

3.710F=02
2. ¢82F=02
4. 580L=02
2.480r-02
£.026F-03

ZN 4ur+
e &13I=02
Ce €NGE-01
1. 313F+00
1.404F+00
T«T747F=01
2.5071-01

ZP H+

7498321-06
0« 555F=-05
J180L~-04
S.0135-04
2. 835F=04
¢ 19DE=05

7-205':-03
1.305E-02
0.078r-03
4.228-03

4e 035E=-03
J548F=02
6o 03 97‘- 02
4. 338F~02
1.230r-02
7.416E-00

1. 1761-01
B+ 192F~-01
1.6087+00
1.336F+00
S«715F~-01
2.317r-01

1.022r=05
1.425F=04
4140 8E~04
4.350F-04
2.0$5E~-04
Ba402%~05

Ye 161E-0O4
Re262E~0)
1.313E-02
0. 504E-03
e 40T7E-03
8.620T-04

6« 2L0E-01
1. 07LE=02
S5¢836UE=02
4.110%~02
le474E-02
1. 730F=03

1.435E~-01
Qe $4U0F~-01
1. 056E+00
1.290E+01
4.606E-01
1. tL35E=-01

le 26 6E~03
1.850E-04
5 033E-N-}
+ea T42E-04
1. 683E=-0
4o 2711=03



9 ®

<o 847E'—06
7313F-05
Q¢ 765E-04
24229F=-01
1.773F-03
6«078E=-04
1.981E-04

*

*

6«8 BSF=05
2.823E-03
3 939E-02
1 479E~01
1.586E~-01
54438E-02
9.670E-03

e
*

2.047E~05
3:677F-04
5S¢ 245E-03
1¢263E-02
1. 005E-0N2
¢446F—-03
6+ 128E-04

A1 $E-05
213E-04
S«297F=03
1.8948=-02
1.506E-02
5.164F-03
0.183r-014

*
Ade
2e
fo

ANG=DEP,

25

ANG=DEPs SPUTTERING COErTT FOR

Be 4D0E=D6

Be789E=N5

1.100F=03
2.242E-03
1. 573E=-01
S5.301E-04
TedT1F-05

2.3897E-04
3e2-16E-01
14.583F-02
1.6N0%=N1
l«413¥-11
4e¢743E=-02
7e134E-03

ANG=DEP.

54 361E=05
4 VI E=C
5,84 44F=03
1.273E=-02
8.233E-0)
Ve D06E=N]
Je 521 =04

ANG=DE P,

Tel1375=05
7. 1675~041
D¢ J44E-N3
1.0058-02
1.342E-02
44501F=0"
6.773E~01

1.582E~05
1.036E-'04
1.210F-03
2.221F=-03
1.429E-03
4.722E=01
6.427E-053

4.932F-04
3.8458-N3
3+ 192E-02
1.685E-01
1.278E-01
4.225F-N2

3.75CE=-0N3

9. 115E~-05
5. 0113E=-04
6581F-023

«2617-02
£+100F-03
2.,678E-01
3.6447~-04

SPUTTENING

1.314F-04
R.802F-04
1.028r=-02
1. 58’7?"02
1.214v-02
4,012x~03
3.460E-04

2.478E-05
3.0575-04
1.3008-03
2.181E=-02
1.308E-03
4.272E-04

SPUTTERINC COEFFT FNOR

8e227E~-04
1.071E~02
3.76SE=-02
1.746%-01
1.1705~01
3e5228-02

SPUTTERING COEFFT FOP

1.404E-04
1.,313C-=03
7.13561=03
«238FE~02
7. 115T=-03
2.422C-03

COEFTT FOR

2.106C-0-1
2.587T~-03
1.112F=02
1.853r=-02
1.111E=-02
J630E=073

ZFr D+

JeS511E=-05
5« 108E-04
1.3¢8F-03
2.131F=-03
1. 208F-03
3.911F-04

ZR 4HE+

f.224r-03
1.813E-02
6«J1J3E=-02
1.720E-01
1.051F-01
34409E-02

NB H+

1.514F=-04
2,3%6r=-07
1.210F=-02
Le 852r-03
2.21 ‘3!‘—0’!

NR D+

2.383F=04
44 340F=-03
1.188:~-02
1. 8137=02
1.027r-02

4,66 7E-05
6+836E=04
1. 937E~03
2.076E-03
B.C16E~-04
3.614F=04

2.550F-02
1.045E=01
1.520E~01
T« Q7T6F=-02
3.233F=02

24466E-04
1.085E=02
1.178E=02
3.055E~03
2.049u=03

3« 965F-04
5.808E=03
1.646F-02
1«764F=-02
7«575F=-03
3« 071Ek=01

$5937E=-05
8+384E=-04
2.151E-~03
2.019E-01
7«18BSE-04
1.818E=041

2.226E-03
32 261E~=02
1305E-01
1841E-01
6e428E=~02

3.055E-04
40 463E=-03
1.215E=02
1.144E=-D2
4.074u-03
1.0317=-01)

5 044E=-01
7.123%=03
1.827E-02
1.715FE=02
6.103E-0)
1e544%~-07



*
*

8.007E-05
3¢236E-03
4+4516E~-02
1.695F-01
1.818F~01
6.233E~-02
1. 108E-02

*

*

1.263F=05
2355E-041
3.519E~-03
9.623E-03
8« 112E~03
2. 781E-03
4+.946FE-04

*
*

4.968F-05
1.032E-03
1.095E=02
1.932E=-02
1.382E-02
4.739E-03
S+ 427E-04

2 *

~e 215E—04
6¢763E-03
5625502
9.805E=02
Te042E~-02
2« 415F~02
44294F-03

ANG-~DEP.

ANG=DEP,

ANG-DEP,

2.748E-04
de721E=-03
5.253F=02
1e 33 1F-01
8. 178%=01

J. 149E-03
4.033E-03
9.840E=-01
7.226E~03
2,426%=0)
Jes649E~04

1. 366F~04
1.226E-=01
1.2046%~02
1.801E=-02
1.231E-02
42133=-03
6«217E-04

6.924E~01%
B¢ 582EFE-03
6+ 183E-02
9.595E=-02
6e«273E-02
2. 106E=02
J.163F=-00

35.653E-04
4.408EF=07
Se3351F=02
1.932FE-01
1. 165E-01
40843E~-02
64591F=D3

5.925¥=05
3.221F-04
4. 503F~03
9.871%~03
63537E~-03
2.161F=03
2.941E-04

2. 468T-01
1. 129%-03
1.,302r-02
1.832E=02
1. 114E=02
34682E=-03
5.010E-04

1.348F=-03
9. 860E-02
6.661E-02
9,298r-02
S5675E-02
1.876E-02
2.E833F=03

26

SPUTTFRING COEFFT FOPR

Ce431F-0+4
1.225T-02
CeCL12E~-02
2.0ulrn-vut
1.341F=-01
1. 351E=02

SPUTTERING COTFFT FOR

E.881F=-05
S«548E-04
$.2033E-03
8704C=-03
549385E-03
1.255C8-03

ANG=DEP. SPUTTIEVPING COEFFT ¥FOR

Je755E~04
1.284E-02
1.7¢7E=02
1.020E=-02
J«331E-03

SPUTTERING COEFFT FOWR

2.164E=03
2.225E=-02
7.030C-02
S« 470E~02
5¢103F-N2
1.607E-02

NB 4HE+

1.4031-03
2.078r-02
7+ 237F-02
2.031r=01
1.230r-01
4.011r-02

MO H+

1.216%=-04
1.513F=-03
5.327F-03
55307 =073
1.7¢N¥=07

MO D+

S.270F=-04
6e361T-013
1,457 =02
1.700F=-02
9.421F¥=-02
3« N40UF=01

MO AHE+

3.123F=-03
3« 390F=-02
7.442F-02
8-6331:‘"02
40 800F-02
1.554F-02

1.£40E-03
2.823F=-02
1,1L8¥-01
2.086E-01
Cea1431-02
3.706F=-02

1.571F=-04
2.267E~03
7.893r-03
Y.472LC--03
4. 080r-03
1« 654E-03

6e784E~04
%e146F=-01
1.F35F=-02
1.633r=-02
6e OS1E~-03
2,518E-03

4.2147%=03
4e 207E~-02
Ye332E-02
S8+301E~-02
JeS:421-02
1.436F-02

2.532E-03
3.738E-02
1.406E-01
Z2.110E-01
7.369E-02
1.86+4E~02

3+4288E-0]
B8«31UE=-0+4

Ye +35E-04
Qe660E~07
1.833E~-02
1.570L-02
S.602E-0)
1.417E~013

5430E~03
1.9730=02
Je815E=02
7.380E~-02
2.9854-02
7e2210-01



-
%

1. 168F=-06
2.178E=-05
Je254F=-04
8.899F-04
Te502E=-04
24 572E-04
4e574E=-05

*
*
1«267E-05
2.632FE~01
24793F=03
4,S27E-02
«524F=03
1. 20FE-03
2.149r-04

*

*

4. 125F=-04
1.259%=02
1.047r-01
1.826¥-01
1.311E-01
1. 406E~-02
7«995F-03

*

*

3. 943F=-0¢
7+353F~-03
1.098F=023
3.004E~-0)
2532E~03
Be 684F~04
1«544E-04

ANG=DEP.

ANG=—=DEP,

ANG-DEP,

30097E-06
2.571E=05
Je729E=-04
Ce100E-N4
6+ b3 3JE=01%
2.2445-04
3.375€E-05

Je 432E=-05
3e126%=04
3¢ 175E~03
4d4871E=N3
Je 130E=N3
1.0515=-01
10585?-04

16 2323%=-03
1« 538F=N2
1.131F=01
1. 787E~=01
1. 168F=01
JeO211E~-02
5.808r-03

ANG=NFEP,

1.046E-05
8.6 73E~-03
1. 239F=-03
3.072F=03
26256F—03

Te571E~01

le 1 39E=-01

5. 430?4"'06
2,281E-05
1.164L-04
e 128E=04
be046GF-04
1., 36CE~-04
2¢720F=05

60.2931-"05
Ve 635V=-N4
3.3107r=-03
2.540F=-03
9- 38-0‘{:"04
1.278E-04

2.511%7=(3
1e R327E=02
1.211F=-01
1.7317-01
1.0537F-01
Ja 303E-02
4¢754E-03

1.550r-03
1. 007F-04
1« 406F-03
3.082F=03
2.041E-03
6e7475=04
D¢ 182F=05

27

SPUTTERING COEFFT FOR

8+214C=06
7.006E=05
4.562E-04
8.058E-04
5.533E~04
1.808E=04

SPUTTEPING COEFFT TOR

D,574F =05
1.N025-~013
3.3530E-03
4.5N37T=DN
ZeLNNL=-03
De-tldT=01

SPUTTENTING CAOFFET TP

4.020F=N17
e 13IN=N2
1.318r=01
1.670%=01
£e8673F-02
JeleNm=02

SPUTTFRING COEFI'T FOR

2.773¥=05
2:66LE=04
1.240E-03
3e055E-072
1.SGEE=-0]
001019-04

RH H+

1.124E~{(5
1. 3¢8E-04
4.926F-04
£e927F=04
Se114E~043
1. 655F~04

RH D+

1. 326F=04
1.6221~-07
3e715F-03
4.334E-03
2.4qu-03
7«7767=04

TH 4HE+

5.815F=03
6e 1445'=02
1.386E'01
1.607F—-01
8. 9381=02
2.823r-0"

AG 4+

3.7967-05
4e722F=04
1.663F-03
Je OISF-Oq
10726F-023
Ce5183r~04

1.453E-05
2.097F=04
Te 299E-04
8e760E=04
3.773E=-04
1.530E-04

1.730F-04
2.077E~03
4. 680¥F~0R
4.165F=-01
1.772¥=03
7.1357-04

7.8477=03
7+&513E=-02
1.733E~-01
1.546F=-01
6525E-02
2673E~02

4.9505T-05
T.078E=-04
2.464E=-03
2., 657=-00
1.274F=0N3
5« 163E~-04

1.305E-05
2+735E~-04
8.3893E=041
8. 5725~04
Je 041E~-04
T«6838~-03

2. 1665=04
20346 3E=01
1928E-03
4.002=-013
1.428C=03
Je614==-04

1.011E=02
9.260E-02
1.5827E~01
1. 4306E=01
S«315E-02
1345E-02

6.09‘E-U)
S.2355=04
2¢833E-0J
2.884r-03
‘0027F—03
2.587E- 4



*
*

44312¥-05
8«952E-041
9.505E-03
1.,6775~02
1.189F~-02
4.113E=-023
7«313E-04

*
*

1.410F=03
44 305E-02
3« 580E~01
64241E-01
4. 482F=-01
1537F~=01
2.733E=02

*

*

9.920F-08
1. 031E~-06
9.971E~06
2+ 874E-05
2+ 259E~05
7744E=~-06
1.377E-06

%

%k

S«125F=-07
606845—06
T7.913F=-05
1.971E-04
1. 591E-04
504S4E—05
9.699F-06

ANG=DEP.,

1.185E-04
1.064E-03
1.047e-02
1.6418=-02
i« 0638E=02
305q7E-03
S5¢336E~04

ANG=DEPe.

44 407E-03
S5¢463E=02
3.936%E-01
64107E~01
3.993F=-01
1.3140E=-01
2.016%=02

2. 142E~04
1.241F=03
1130%=-02
1.880E-02
9.666E-03
3.195E~-03
4. 340F-04

E2E-03
78E-02
42E-01
5.212E-01
J.612E-01
1. 104T~-01
1.625F=-02

(SIS IR

8.
6.
4.

28

SPUTTEPING COEFIT FNOR

2e23ICF=04
Jedl =03
«202E-02
1.5335-02
§.35295=-03

SPUTTE™ING COEFFT FOPR

1,377E-02
lex10E~0O1
4.5075—0]
5+70CE~-01
3.3071~-01
1.030E~01

ANG=DEP, SPUTTETINCG COEFFT FOR

2. 165E-07
1.1785‘06
1« 1B6E~-N5
2.894F=N5
2.012E-N3
6.755E~06
1.016E-06

ANG~DEP.

1.206E-06
T+730E~00
8.988%-035
1.995E=-04
1.417%-04
4.737E=-05
Te 156E=06

3418F-07
1.326%=-06
1.37°E=-035
2.863E-05
1. 820F-05
6.0177=06
B+ 1890E=07

1. 490E~-06
8« 830SE~-N6
Y9.972E-05
1.984E-'04
1.282r=Nn4
4.2387=05
S.767E-06

1e725F=07
2. 394iE-06
1.351¢~-0%
Teb504E~-03
1-6665—05
S. t3dT-N0o

SPUTTERING COEFFT FOR

2.540T=06
2.072E-05
1.087E-0+4
1.955E-04
1.173E-04
34834LC-05

AG D+

4. 513F-04
5.521E-01
1¢.264F-02
1.475r=-02
B8e177E-03
2¢0 tbF=-03

AG 4Hnu+

1. 658F=02
Z2.100T-01
40737101
5¢4058T=-01
3.0355Ek-01
Qe 35LF=02

TA U+

e 075E-07
‘le 568L-06
1.674F-05
2.7317=05
1.540Y =05
44 983F=-06

TA D+

Je7411-06
3.41907-0S
1.167F-04
1.815F=04
1. 084E~-04
3« 510E=-05

S.3E8E-04
T2 070F=-03
1. 393E-02
1.413T-02
6.033F-03
2.445EK-03

2. 652E-02
De€¢78E-D1

Ted60OE~07T
6316E-06
2441F7=-05
2630E=-05
1.136E-0S
4.605E=-06

4, 635%=06
4.578F~05
1.€72r-04
1.369F-04
R.0001=-05
Je243E-05

7.3731~04
He I84Z~-01
1.678E=-02
1.362E-02
4. 862F~03
1.230%=-03

Je456E=02
3.163E-01
Le24T7E=-0U1
3.080E=-01
1.817E-01
4596E=02

8¢ 374E-07
8.120?‘06
2.737E-05
25667=03
9. 135E-00
203162-00

S5.668C—00
6e126%-05
1. 8833E~01
1.320E-04
60 448E-NS
1« 631E-05



* ANG=-D®P,

*
6e 46TE-05S
7« 745F-04
8.587E~-023
2.609E=~02
2.369E-02
84124FE~013
1.445F-03

*
*

S« ST9E-06
S«801E~-05
S« 608BE~04
1.616E-03
1.270E=-03
4. 356E-04
Te746E-05

*
*

1. 005E=05
1.310E=-04
1.551F=03
3.864E-03
3.118F=03
1.069E-03
1901E-04

*

*

1. 702E-04
2038E-03
202605-02
6¢867E~02
6+4235E-02
2.138E~-02
3.802E-03

ANG=DEP,

ANG=DEP,

1. 480E-04
8.9145-04
9,930E=-03
2.714E=02
2s111E~02
7+ 036E=03
1« 066E-03

1.218E~-035
6+623E-0N5
6.671E-04
1.628E=-03
1.132F-03
J«759F-01
Se713E-15

2¢ I65E=05
1.515%=04
1.764E-03
3. 910E=-0)
2.777E-03
9e¢ 124E-04
1.402E-94

JeB94E-04
2.346%-01
2.613E-02
7.143E=-02
5«554E-02
1,865E-02
2.805E-03

2.4012-04
1.011¥=-03
1.114E-02
2.764F-02
1.506F-02
6312E~03
8.390E-04

1.922E=05
7.457F-05
7.753E-04
1.610F~-03
1.024F~03
3.7184E-0+¢
4.606E~05

3.901E=-05
1.726E-04
1.85€E-03
J.889E~-01
2.512E-03
Be 106E=04
1.130F-04

6«315F~04
2.660E~03
2.932E-02
7.273E~02
3 025E~-02
1.6615-02
2.261F¥~-03

29

SPUTTERING COL®FT FOPFR

3¢3B5FE~04
2.313E-03
1.227E—02
2.778E=-02
1.748E~02
5«711E~02

SPUTTERING COEFIT FOR

2.658F-05
1.628T-04
8« 725E~04
1.577r-03
9.372F—04
3.062E=-0-1

ANG=DEP, SPUTTERING COFFFT FTOR

SOSGOE-OS
4.062E=-04
2.130E-03
3.532E-03
2.300E=-02
7.5148-04

SPUTTFRING COFTFT FO®

S« 305 ~01
6.08T7FE~03
3.228Fr-02
T«312E~-02
4.600E‘02
1.503E—02

TA 4HE+

4.419F-04
3.733r-03
1.3317~-02
27711-=02
146 13E-02
5.228r=-01

w H+

3«417F=05
24 569F=04
Q+415F~04
1.536T~-03
8+660r-04
2.803E~-04

W D+

7+332E~05
6. 702¥F=10)4
2.288r~03
3.753F-03
2.125E-03
6« 87SE-04

w HHE+

1.1631.-03
9.877F=-03
3J.5011~-02
Te221F7=02
4.251F-02
1.376F-02

5.453E-04
5282E=02
2.043E-02
2.74SE~-D2
1.192F-92
4.831E-01

4. 196F=05
3¢552E-04
1.373F-03
1.480F-03
€.389E-04
2.590E~-04

Ce 183K=-05
SeS561F~-04

«277F=-03
Ja663F=07
1.5681-03
6356E~04

1. 446E-03
1.393E-02
5.377F—02
7.232FE-02
Je136F=~-02
1« 271F=02

6+60JE~0 %
6.907E-03
2. 311E=-02
2.716E~02
9,0604E~-03
2.430E-073

1« QL 1E=05
4.567E~04
14330E-03
1¢443E-07
Se14YE-04
1.303=5=04

1le111L=04
1.260E=01
3¢634FE~-03
3.368E=01
1264E-03
341078=04

1.738E=03
10818E-02
6+345F=-02
7e¢147E-02
2.527E=02
0eJ& {E=0)



3

3

4342FE-05
1.037E-03
1« 953E=02
S«847E-02
2.005E=02
34565E-03

*

*

3-.163E~04
4e 1 74E~02
1.108E~-01
0.477E-02
Je249F—-02
S«778E-03

x

w*

4, 508E-04
1.524F=-02
1.494E-01
3. 179E-01
22500E-01
84573F-02
1.525E~02

ANG—=NETDPa

1.251E-04
1.241E=033
24273E-02
6.700E-02
5« 239E-02
1749E=-02
2.621FE=03

Te 347E=04
4.7357E=-02
1.136FE=01
Sed42E=-02
2.834E-02
4. 263F-03

1« 458E-03
1.882F%-02
1.6690E~01L
Je 186F-01
26227F=01
T7«477E=02
1.125E-02

2¢322F-0+4
1. 458E-03
2.576F-02
60 826F-02
4.713F=-0QC
1.558F~-02
2.1207=-013

ANG=DE P+, SPUTTERING

1. 2038=-0J
5.201r=01
De288F=-02
1.1477=-01
7. 637E-02
2.525F-02
3e430F~-03

2.896FE~03
2.186E-02
1.824E-C1t
J.148T~01
2.015F-N1
6:661F-02
9.065r-03

30

ANG-DEP. SPUTTERING COEFIT FOU

34.156E-03
2.856L~02
4.314==-02
1. 405E-02

COEFFT FOR

1.707E-03
1.2085-02
S5.773F-02
1.137E=01
6eHO2F~02
2.284E~02

SPUTTFRING COEFTT FOR

1.713E-03
S«286E=-02
1.362E-01
J.DESE-01
le845FE~-01
Le026E-02

AU H+

5.062F=04
7+795F=-013
Je 118F-02
6+835r~-02
5.886r-02
1.200F=02

AU D+

2.230F=-03
1. 378F=02
6.216["02
1.124r-01
t«461F-02
2.621r=02

AU $HE#

Be167F=02
24088r-01
3.015F~-N1
1.704Y-01
525177 =02

6.6861~-04
1.209x2=-02
4.947E-02
6«772E-02
2.041F=-02
1.192E=02

2.794E-03
2.807E-02
Ga DOOE-02
1t.106F=-01
4 707F-02
1.8328=-02

$5.363x-03
1.072F-01
2.811r=-01
2.&06Fr-01
f«2558%-01
S.008F~-02

Se 460E=04
3.806E—02
6.6E82E-02
2,3705-0D2
3.946E=-03

3.371E-03
J.535E-02
1.044E-01
1. 080"-01
3.341E-02
He718=-03

1.212E=02
1.2071=-01
3.086E-01
2.8558-01
1.013L-01



