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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 m2 are [Cook and Rose 1985]

S(E,8) = A(mi,m2) ., fV"-" , (1)

where E is the energy of the incident ion, ET is the threshold for sputtering

4m \m
= £y(y(l-y)), where y =

Es is the sublimation energy = 0.0345LW, LH is the latent heat of sublimation, t = I/cos 0, and 6 is the
angle of emission of the outgoing ion.

The Maxwellian-averaged sputtering coefficient is

S(T)=—^= T~M f dE f d6 S(E, 6) E* e~E/T .
V 2 7T ET

 Jtt

The scaling coefficient/4(m|,m2) is

A(m^m2) — A(m\) exp (m2—1)

= exp(C0+C,m, ) ,

C0 = -11.393, C, =0.15362 fo r22<Z, < 29 ,

C0 = -18.187, C, =0.15362 for 41 < Z, < 47, and

Cu = -31.409 , C, = 0.15362 for 74 < Z, < 79.

The constant value of ft in equation (1) is /3 = Ncr R.,; R,, = N~1/3 where RO is the average lattice spacing;
<r= the microscopic absorption cross section; N is the number density = p No/m2; p is the density of the
wall and N0 is Avogadro's number. The average over angle is

, ) . ( 2 )
P

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, E.K. [1981] - SPUTLIB - a library of Maxwellian - averaged sputtering coefficients.
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Clancy, B.E., Cook, J.L. and Rose, E.K. [1981] - ADL-1 : An atomic data library for the use in computing
the behaviour of plasma devices, including fusion reactors. AAEC/E515.

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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Figure 1 S(T) for beryllium
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Figure 2 S(T) for carbon
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Figure 3 S(T) for aluminium
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Figure 4 S(T) for silicon
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Figure 5 S(T) for scandium
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Figure 6 S(T) for titanium
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Figure 7 S(T) for vanadium
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Figure 8 S(T) for chromium
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Figure 9 S(T) for iron
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Figure 10 S(T) for cobalt
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Figure 11 S(T) for nickel
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Figure 12 S(T) for copper
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Figure 13 S(T) for zinc
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Figure 14 S(T) for zirconium
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Figure 15 S(T) for niobium
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Figure 16 S(T) for molybdenum
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Figure 19 S(T) for tantalum
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Figure 20 S(T) for tungsten
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APPENDIX A

Angular dependent sputtering coefficient library — March 1985

TFMPFPATUSES T\ KFV (45 K . V T ^ I E S )

1.0OOE»02
8.000E-02
6.000F-0 I
4.000E+00
1.200E+OJ.
5.000E+01
5.000F + 02

2.000F-02
9.000̂ -02
7.oooF-oi

1.400E+01
6.000E+01
7.500E-H)2

3.000E-02
l.OOOE-01
8.000B-01
6.COOE-»-00
I.faOOF+01
7.000F+01
l.OOOF+03

4.00JE-02
2.000F.-01
9.000F-01
7.000E+00
1.800E+01
S.OOOE+P1

5.000r-02
3.000E-01
1.001E+00
S.OOOL-'-OO
2.000E+OI
D.OOOF+Ol

000E-02
000E-01
000E"»-00

000F+01
000E*-02

7.000E-02
5.000E-01
3.000E+00
l . O O O E ^ O l
4.000K+01
2.500E+02

* ANC-OEP. SPUTTERING COEFFT FOR OE H+
*
2.760^-04 6.777E-04 1.146F.-03 1.664E-03 2.222F-03 2.S14E-03 3.437E-03
4.086E-03 3.513F-03 5.894F.-0? 3.444E-03 9.774F-03 1.054E-02 1.00JJE-02
1.125F-02 1.13DE-02 1.145H-02 1.145E-02 1.141H-02 1.033^-02 9.136E-03
8.137E-03 7.318^-03 6.638^-03 6.008E-0-? 5.5S3F-03 5.165E-03 4.S02E-03
4.249E-03 3.785E-03 3.425E-03 3.135E-03 2.897t-03 2.137E-03 1.723T--03
1.457E-03 1.271E-03 1.132E-01 1.024E-03 9.376F-04 8.664F-04 4.35iiE-04
2.591E-04 1.912E-04 1.541F-04

* ANG-DRP. S P U T T E R I N G TOF.FFT FOP BE D*
*
1.143E-03 2.519F-03 4.051F-03 5.(,43L-03 7. 2&7E-03 9.003F-03 1.075E-02
1.254E-02 1.436^-02 1.622E-02 2.45TT-02 2.690^-02 2.815E-02 2.865E-02
2.379F-02 2.870^-02 2.849F-02 2.S10L-02 2.784F-02 2.3:i6E-02 2.056E-02
1.803F-02 1.604K-02 1.443F-02 1.31ir.-02 1.201F-02 1.107E-02 1.026^-02
9.087E-03 S.095E-03 7.323E-03 6.704E-01 6.195F-03 4.570E-03 3.683E-03
H.116F-03 2.71SF-03 2.421F-01 2.1COH-03 2.005r-03 1.853F-03 9.31SE-01
5.541E-04 4.0SSE-04 3.295E-01

ANG-DEP. S P U T T E T J I N C F 4HE +

3.571F-04 1.06SE-03 2.026F-03 3.102E-03 4.S41F-03 6.057E-03 7.727E-0
9.542F-0:1 1.190F-02 1.343E-02 2.7T2F-02 3.S22F-02 4.681F-02 5.370F-0
5.929E-02 6.33SE-02 6.767E-02 7.0S4E-02 7.349F-02 S-4S5F-02 8.529E-Oj
8.264F-02 7.903E-02 7.520F-'02 7.146E-02 6.790F-02 6.457F-02 6.147E-02
S.402E-02 4.S13E-02 4.354K-02 3.fjS6E-02 3.633F-Q2 2.717F-02 2.190E-02
1.S52K-02 l ,61ftE-02 1.43FF.-02 1.T02F-02 1.IS-2F.-02 1.10IE-02 5.540R-0.1
3.284F-03 2.410K-03 1.T5DE-03
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* ANG-nEP. SPUTTERING COEFFT FOR C H4"
*
6.366E-04 1.563E-03 2.644E-'03 3.S3DF-03 5.126K-0? 6.492E-03 7.92SE-03
9.425E-03 1.272E-02 1.360E-02 1.D4SF-02 2.255E-02 2.4TOE-02 2.534E-02
2.594F-02 2.627E-02 2.640F-02 2.641F.-02 2.633K-02 2.382E-02 2.107E-02
1.S77E-02 1.683E-02 1.531F-02 1.400F.-02 1.2SSL-02 l . iy iE-02 1.103E-02
9.802E-03 8.732E-OJ 7.900K-03 7.232E-03 6.683F-03 4.£>30E-O3 3o973E-03
3.36IE-03 2.932E-03 2.612F-03 2.363E-03 2.163F-03 1.S09E-03 1.0052-03
5.?77E-04 4.410E-04 3.554F-04

* ANG-D5P. S P U T T E R I N G COEFFT FOR C D*
*
1.621F.-02 3.602E-02 5.747F-02 S.005E-02 1.035F-01 1.277F-01 1.525E-01
1.779F-01 2.037F-01 2.300E-01 3.479E-01 3.82C-F-0! 3.9f>3F-01 4.064E-01
4.083E-01 4.071E-01 4.041E-01 3.9D13E-01 3-949F-01 3.3S4F-01 2.917E-01
2.557E-01 2.275E-01 2.047E-01 1.360E-01 1.703F-01 1.570E-01 1.455E-01
1.289E-01 1.148E-01 1.039E-01 9.50915-02 8.787E-02 6.483F-02 5.225E-02
4.420E-02 3.855E-02 3.434F-02 3.107E-02 2.S44F-02 2.628E-02 1.322H-02
7.SS9E-03 5.7P3E-03 -4.673E-03

* ANG-DEP. S P U T T E R I N G COEFI-T FOR C 4HE +
*
7.074E-'04 2.115E-03 4.013E-03 6. 323E-03 8. C-L'SE-03 1.200K-02 1.531F.-02
1.890E-02 2.357E-02 2.664E-02 5.412E-02 7.57ir-02 S.274E-02 1.0O4E-01
1.174E-01 1.265E-01 1.341E-01 1.403E-01 1.456F-01 1.6.81E-01 1.600E-01
1.637F--01 1.566E-01 1.4SOE-'Ol 1.4\dE-01 1.345F-01 1.279F-01 1.21SE-01
1.070E-01 D.534E-02 8.625E-02 7.S06E-02 7.2yGF-02 5.3S3F-02 4.33SE-02
3.670E-02 3.201E-02 2.851F-02 2.57L)E-02 2.361F-02 2.1S2E-02 1.097^-02
6.S26E-03 4.815E-03 3.8SOF-03

* ANG-DF.P. S P U T T E R I N G COEFFT FOFt A'L H +
*.

2.867E-05 7.039E-05 1.19ir-'04 1.728E-04 2.30SL-04 2.S23F-04 3.570E-04
4.244E-04 5.727E-04 6. 122F-04 8.772E-04 1.015F-03 1.094^-01 1.141H-03
1.168E-03 1.1S3F-03 1.189K-03 1. 1S9F-03 1.186F-03 1.073F-03 9. 4t'OF.-04
S.453E-04 7.601E-04 6.8&6E-04 6.303E-04 5.7tPJ?-04 5.365E-04 4.JSSE-04
4.414E-04 3.932E-01 3.557E-04 3.257F.-04 3.00Hr-04 2.220F-04 1.789S-04
1.514E-04 1.320E-04 1.176E-04 1.064L-04 'J.740F-03 ^.OOOE-05 4.527E-Q5
2.691E-05 1.986E-05 1.600F-05
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* ANG-DEP. S P U T T E P I N G COEPFT FOR At. D+
*

2.03SF-01 4.528F-03 7.224F-03 1.00bF-02 1.001F-02 l.t>n5F-02 1.917E-02
2.236F-02 2.561F.-02 2.891E-02 1.373E-02 4.S13F.-'02 5.019E-02 5. 108E-02
5.132F-02 5.11SF.-02 5.030F-02 5.027E-02 4.965E-02 4.254E-02 3.666E-02
3.214E-02 2.853E-02 2.573F.-02 2.33SF-02 2.141F-02 1.974E-02 1.829E-02
1.620F-02 1.443F-02 1.306F-92 1.105E-02 1.104r-02 3.149E-03 6. 567E-OJ
5.555F.-03 4.R45T:-03 4.316F-03 3.C05E-03 3.575E-OT 3.303E-03 1.661E-OT
S.S7SE-04 7.2SOK-04 5.S74E-04

* ANG-DEP. S P U T T F P I N G Cor.FFT FOR AL 4HF-»"
*

6.525F-04 1.951H-03 3.702F.-03 5.3 33!-- 03 S.29SF-03 1.107E-02 1.412E-02
1.744F-02 2.174E-02 2.45SF-02 4.U92K-02 6.984F-02 S.555F-02 9.813F.-02
I.083F-01 1.167E-01 1.237F-01 1.2L'5i:-01 1.343F.-01 1.551F-01 1.559E-01
1.510E-01 1.444F-01 1.374F.-01 1.306E-01 1.241F-OI 1.180E-01 1.123E-01
P.S73F-02 8.705E-02 7.957F.-02 7.2?]4F.-02 6.730F-02 4.966E-02 4.002E-02

02 2.630T--02 2..1SOE-02 2.l78f.-02 2.013E-02 1.012E-023.385E-02 2
6.020F-03 4.441E-Q3 3.57rE-03

ANG-DF". S P U T T F ° I N G COF.F1-T T SI >{ +

5.370E-07 1.3i;.»E-Ob 2.230E-06 3.2J3f-Ob 4.324F-06 5 .47faE-Ofa
7.P50F-06 1.071F-05 1.147F.-05 1.L43F-05 1.L02E-05 2.050F-05 . .37E-05
2.1S8F-05 2.216E-03 2.227F-r>5 2.22SI-.-03 2.221E-05 2.010E-05 l . . -?F-05
1.583F-05 1.424E-05 1.29?K-05 l . ld l i - -05 1.086F-05 1.005F-05 S. 3-. )F.-06
R.26SE-06 7«366E~06 6.664^-06 &.100E-06 5.637F-06 4. 15&F-06 "..152E-06
2.835E-06 2.47"*E-Ob 2.203F.-06 1.003E-06 1.824E-06 1.6S6F-06 8 , ^?yE-07
5.042F-07 3.720E-07 2.91SF-07

*
*

3.769F
4.136F
9.493F
5.945F
2.9G7F
1.028F
1.827E

AMC-DEP. S P U T T E R I N G COEFFT FOR SI

05 S.T75E
04 4.7.17E
04 Da466E
04 5.283^
04 2.b69E
04 S.062E
05 1.343E-05 1.0SbF-05

05 1.336F-04 l .dClE-04 2.407F-04 2.1<6&F-04 3.646E-04
04 5.348E-04 S.Oa3E-04 R.P03F-04 E.2S4E-04 fi . 449E-04
04 9.3O6F-04 f - .20Sl -04 P. iy3F-n4 7.P6&H-04 6.781F-04
04 4.7oOF.-04 4.T2?iE-04 3.&60F-04 3.650F-04 3.383E-04
04 2.415^-04 2.211!:-0» 2.043E-04 1.507F-04 1.21bE-04
05 7.9S4E-05 7.2231-05 6.6I2F-05 6.110T-05 3. 073C-( ~>
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* ANG-DEP. SPUTTERING COEFFT FOR ST 41IE +
*
1.202F-05 3-593E-05 6.818F.-05 1.074E-04 1.528F-04 2.039F-04 2.601F.-04
3.212E-04 4.004E-04 4.526F-04 0.135^-04 1.286F.-03 1.576E-0.1 1.807E-03
1.995E-03 2.150E-03 2.27SE-03 2.3S4F.-03 2.473F-03 2.S56E-03 2.371E-03
2.781E-03 2.660E-03 2.531E-03 2.405E-03 2.2S5E-03 2.173F.-03 2.069T--OT
1.818E-03 1.620E-03 1.465F-03 1.341E-D3 1.240F-03 P.145F-04 7.371F-04
6.235E-04 5-438F.-04 4.844E-04 4.3S3!I-04 4.012F.-04 3.707E-04 1.8t.SE-04
1.109E-04 8.180F-05 6.5S2F-05

ANG-DEP. SPUTTERING COHFFT SC H +

3.011E-06 7.63SE-06 l.317E-'05 1.D3SE-05 2.615F-05 3.340F-OS 4. 10SE-05
4.915E-05 5.75SE-05 6.633E-05 1.683E-04 2.556F-04 3.12i:'K-04 1.5S8E-04
3.960F-04 4.266E-04 4.S20F-04 4.731E-04 4.DOSE-04 5.669F-04 5.703F-04
5.529F-04 5.291E-0* 5.03SE-04 4.7tOE-04 4.554F-04 4.311F-04 4.127F.-04
3.650E-04 3.252E-04 2.942E-04 2.ĉ 3I:-04 2.483F-04 1.8.36F-U4 1.4SOK-04
1.252F-04 1.092F-04 9.724̂ -05 S.7B8E-05 S.054F-05 7.442E-05 3.743E-03
2.226E-05 1.642F-05 1.323E-05

* ANG-DFP. SPUTTEPING COFFFT FO15 SC D +
*

1.289F-05 3.R23H-05 7.223F-05 1.134T--'04 l . f c l O L - 0 4 2.143F-04 2.730E-04
3.366E-04 4.320E-04 4.852E-04 9.461C-01 1.291F-03 1.561F-03 5 .77UE-03
1.D37E-03 2.071F-03 2.1SOE-03 2.26'JE-03 2 .C42L-O.T 2.621F-03 2.5D1F.-OJ
2.482E-03 2.353E-03 2.224F-'03 2.102F.-01 l .U^SI -03 1.HS3F-03 1.780E-03
1.579E-03 1.406E-03 1.272E-03 1.165L-03 1. 076F-03 7.040E-04 6.3L-&E-04
5.413F-04 4.721F-04 4.206F.-04 3.SOSF-04 3.483F-04 3.219F-P4 l.t>iyF.-04
9.626E-05 7.102F-05 5.723F-05

ANG-DEP. SPUTTFF.TNG COHFFT FOR SC 4HE+

3.346E-04 9.603E-04 1.77rF,-'03 2.756E-03 3.86&F-03 5.106L-03 6.228E-03
7.3S7E-03 8.543F-03 9.690F-03 2.017E-02 2.86S r-02 3.556F-02 4.120^-02
4.587F-02 4.979E-02 5.309F-02 5.5SOE-02 5.830L-02 6.&87E-02 7.1D1E-02
7.090E-02 6.877E-02 6.621E-02 {,.35613-02 6.0S4F-02 5.S41E-02 5.602K-02
4.933E-02 4.395E-02 3.P76E-02 3.C40E-02 3.363F-02 2.481F-02 2.000H-02
1.692F.-02 1.475E-02 1.114E-02 1.1S9F-02 1.C8SF-02 1.006F-02 S.03L'E-a.3
3.008E-03 2.219F-03 1.789E-03
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* ANG-DEP. S P U T T E R I N G COEFFT FOR TI H+

*
4.554E-06 1.155E-05 1.991E-05 2.931E-05 3.S55F-05 5.052E-05 6.214E-05
7.434F-05 3.708F-05 1.001F-04 2.545E-04 3.866F-04 4.732E-04 5.426E-04
5.9SOF-04 6.453F.-04 6.836E-04 7.155E-04 7.423F-04 S.574E-04 8.625E-04
S.363F.-04 8.003E-04 7.620E-04 7.245L-04 6.S8SF.-04 6.553E-04 O.242E-04
5.520F.-04 4.P1SE-04 4.440E-04 4.073L-04 3.763F-04 2.777F-04 2.238E-04
1.893E-04 1.651t--04 1.471F-04 1.331E-04 1.218E-04 l . t26E-04 5.661E-05
3.366F-05 2.4S4E-05 2.002E-05

* AKG-OF. P. SPUTTERING COFaFT F O P TI D +
*

!.775F-05 5«26faE-05 9.94CF.-05 1.5631-04 2.218E-04 2.f.'52E-04 3.7OOE-04
4.636E-04 5.950E-04 6.633E-04 1.H01E-01 1.783F-01 2.151F-03 2.43SE-03
2.668E-03 2.S52E-03 3.002F.-03 3.125F-03 3.2261-03 3.610E-03 3.56SE-03
3.418E-03 3.241E-03 3.0t>4F-03 2.SC'5T--03 2.73SE-01 2.593E-03 2. 46UE-0 3
2.174F-03 1.P17F.-03 1.752E-03 1 .604T:-03 1.4S2F-03 1.094E-03 8.314E-04
7.456F-04 6.503E-04 5.7y3F-'04 5.241H-04 4.708F-04 4.433K-04 2.230E-04
1.326F-04 0.782E-05 7.S83F-05

* A N G - D C P . SPUTTEPTN'G COEFFT FOR TI 4JlF.-»"
*
5.011F-04 1.43S5E-03 2.664F-03 4.127F-03 5.7y5E-03 7.647E-03 9.327L-OJ
1.106E-02 1.270E-02 1.451E-02 3.021F.-02 4.205T--02 5.326F.-02 6.t70i:-02
6.S70F-02 7.456E-02 7.S51F-02 8.371E-02 8.731F-02 1.046E-01 1.077F-01
1.062E-01 1.030E-01 9.S16F-02 9.5I3n-02 9.126F-02 S.74SF-02 S.TSDK-02
7.388E-02 6.581E-02 5.934F-02 5.451E-02 5.036F-02 3.716F-02 1.905R-02
2.531F-02 2.20 fJE-02 1.96SF.-02 1.7B1I>02 l . f c ^ O F - 0 2 1.506F-02 7.576^-03
4.505E-03 3.324F-03 2.67&F-03

ANG-DEP. SPUTTL-PI .NG COCFFT F O R

1.349F-'05 1.422F-05 o.SOSF-'Ob S.tf.Or.-OS 1.171F-04 1.41J6F-04 1.840E-04
2.202F-04 2.57^^-04 2.071 I--04 7.53ST-04 1.145F-OT 1.402F-03 1.607E-03
1.774E-03 1.911E-03 2.025F-03 2.11'.!F-03 2. 199F/-03 2.530F-03 2.555E-03
2.477E-03 2.370F-03 2 .257K-03 2.146F.-03 2.040F-03 1.C41F-03 1.849E-01
1.635E-03 1.457E-03 1.31SE-03 1.200F-03 1.1151-03 8.224E-04 b.623R-04
5.607E-04 4.S90E-04 4.356F.-'04 3.D41T-04 ?.faOBF.-04 3.334F-04 1.677C-04
9.970F-05 7.356F-05 5.92SE-05
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* ANG-DEP. S P U T T E R I N G COE"FT FOR V D+
*

5.889E-05 1.747E-04 3.301E-04 5. IS4E-04 7.357F-04 n.7T:4F-04 1.2*7K-0:)
1.538E-03 1.974E-01 2.217E-03 4.324E-03 5.915E-01 7.135F-03 8.0aOE-OT
8.850E-03 9.463E-03 9.960F-03 1.037T>02 1.070F-02 1.10iiF-02 1 . 1S4E-02
1.134E-02 1.075E-02 1.016E-02 G.605E-03 9.084F-03 5.604E-03 8.162E-01
7.214F-03 6.426E-03 5.814F-03 S.322E-03 4. 918F-03 3.62SF.-03 2.924L-03
2.474E-03 2.157E-03 1.922E-'03 1.730E-03 1.592E-03 1.471F-03 7..30SE-04
4.399E-04 3.245E-04 2.615F-04

ANG-DEP. S P U T T E R I N G COFEFT FOP 4HE

1.544E-'03 4-431E-03 S.209E-03 1.272F-02 1.785F-02 2.356E-02 2.874F.-02
3.408F-02 3.H425-02 4.471E-02 9.30SE-02 1.323F.-01 1.641E-01 1.901E-01
2. U7F.-01 2.297E-01 2.450F-01 2.579E-01 2 , 6 G O F - O l 3.224F-01 J.31SE-01
3.272E-01 3.173E-01 2.055F.-Oi 2,,y33F-01 2.812F-01 2.6.95F-01 2.5S5B-01
2.276F-01 2.02SE-01 1.834E-01 1.67t?E-01 1.5521-01 1.145F.-01 9.227E-02
7.805E-02 6.807H-02 6.064E-02 5.486E-02 5.022F-02
U3S8E-02 1.024E-02 8.253F-03

-02 2.334E-02

* ANG-DEP. S P U T T E R I N G COEFFT FO1? CR H-«-

*
8.875F.-06 2.251E-05 3.SS1E-'05 5.711E-05 7.7071-05 9.&4SF-05 1.211F.-04
1.449E-04 1.697E-04 1.955E-04 4.960E-04 7.534F-04 iJ.223F-04 1.058^-03
1.167F-03 1.258E-03 1.332E-03 1.394K-03 1.447t-OC 1.671E-03 1.631F.-03
1.630E-03 1.560E-OT 1.4S5E-03 1.412E-OT 1.342F-0"> 1.277F-03 1.216F.-03
1.076E-03 9.584E-04 S.671E-04 7.93Sr-04 7.335F-04 5.411F-04 4.361F.-04
3.689F-04 3.21SE-04 2.866E-04 2.5L3E-04 2.374F.-04 2.194F-04 1.10T?-04
6.560E-05 4.840E-05 3.901E-05

ANG-DEP. S P U T T E P I N G COEFFT FOP CP D+

3.800E-05 1.128E-04 2.130E»'04 3.346E-04 4.74SE-04 6.G20E-04 8.050E-04
9.926E-04 1.274E-03 1.431F-03 2.7D1F-03 3 .877F-OT 4.60SE-03 5.221E-03
5.711E-03 6.107E-03 6.42SE-C3 G.6JUF.-03 C .^OCr -03 7.72&E-03 7.640F-03
7.318E-03 6.939E-03 6.559E-03 6.1D31-03 5.P62F-03 5.552E-03 5.267E-03
4.655E-03 4.147E-03 3-752E-03 3.435E-03 3.174F-03 2.342F-03 1.887i:-03
1.596E-03 1.392E-03 1.240E-03 1.122E-03 1.027F-OT S.492E-04 4.774F..-Oi
2.839E-04 2.094E-04 1.6SSF-04
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* ANG-DHP. SPUTTERING COE~FT FOP CV 4HE +
*
9.S65F-04 2.STIE-03 5.246F-03 8.125E-03 1.141F-02 1.505F-02 1.S36E-02
2.17SF-02 2.519E-02 2.357E-02 5.94SE-02 S.455E-02 1.04BE-01 1.213E-01
1.352F-01 1.46SE-01 1.565E-01 1.618E-01 1.719F-01 2.060E-01 2.120E-01
2.091F-01 2.027E-01 1.952E-01 1.874E-01 1.797E-01 1.722E-01 1.652E-01
1.454E-01 1.2P6E-01 1.172F-01 I.073E-01 O.S16F--02 7.316F-02 5. SS6E-02
4.987E-02 4.150E-02 3.873E-02 3.50OF-02 3.209E-02 2.965E-02 1.492E-02
8.869F-O3 6.543F-03 5.273F-OJ

ANC-DFP. S P U T T E R I N G COEFFT FOR FF. H +

1.397E-05 1.541^-05 6. tOSF-05 C..9iiriE-05 1.213K-'04 1.51r»E-04 1.906E-04
2.2SOE-04 2.671E-04 3.077F-01 7.E05H-04 1.1S6F-01 1. 451 '-03 1.664F-0.3
1.S37F-03 U979F-03 2.006F-03 2.19-4E-03 2.277F-03 2-fc30K-13 2.645E-03
2.565F-03 2.451E-OT 2.337^-03 2.222E-03 2.112E-01 2.010F-03 1.914E-03
1.693F-03 1.503E-03 1.365E-03 1.245.IC-03 1.1341-03 8.516F-04 6.S63F-04
5.805E-04 5.064E-04 4.511E-04 4.0S1H-04 3.736E-04 3.452E-04 1.736r:-04
1.032F-04 7.617E-05 6.139E-05

* A M C - D E P . S P U T T E R I N G COEFFT FOR FF D*
•k

5.083E-05 1.50SF-04 2.84PE-04 4.475E-04 t.351F-04 R.454F-04 1.077F.-03
1.12SE-03 1.704E-01 1.0ME-03 H.73.1F-OH 5.106T-03 6.159K-03 6.9S3E-03
7.639E-03 8.16SE-0'3 8.59SF-03 8.H'4'JE-03 9.238F-03 1.0341-02 1.022K-02
9.789F-03 9.TS2F-OT ^.774H-0'3 S-2£'1F-03 7.S41F-03 7.427F-03 7.04oF.-03
C.227F-03 5.547K-03 5.018F-03 l.3L"4n-03 4.2451--03 3.132F-03 2.524F-03
2.135E-03 1.S63F.-03 l.65rF.-03 1.501F.-'OT 1.374F-OT 1.270E-03 6.3SoE-04
3.797E-04 2.SOIE-04 2.25SF-04

ANG-DEP. SPUTTERING COEFFT FOR FI 411K-*-

03 4.537E-03 S.405F-03 1.302E-02 1.S28!-'02 2.412F-02 2.942E-02
3.490F-02 4.036E-02 4.57RF.-02 C'.3"50r>02 1.H55L-01 l.b80F-01 1.940E-01
2.167F-01 2.352E-OI 2.508F-01 2 .641K-01 2.754F-01 3.301F-01 3.397E-01
3.350F-01 1.245)^-01 3.128F-'01 3.'.)03F.-01 2.S79F-01 2.760E-01 2.646H-01
2.331E-01 2.076F-01 1.87SE-01 1.7191-01 1.5891-01 1.172F-01 9.447E-02
7.991E-02 0.970^-02 6.209E-02 5.617F-02 5.'M21-02 4.752F-02 2o3905-02
1.421E-02 1.04:7L-02 8.J50F-03
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* ANC-DEP. S P U T T E P T N G COLFFT FOR CO H+
*
3.228E-05 S.183E-05 1.411F-04 2.077E-04 2.803F-04 3.580F-04 4.404E-04
5.269E-04 6.172E-04 7.110F-01 l.S04i:-03 2.740F-0? 1.334F-03 l .S4bE-03
4.245F-03 4.573E-03 4.345F-03 3.071E-03 5.261F-03 6.077F-0^ 6.11JF.-03
5.927E-03 5.672H-03 5.401E-01 5.135E-03 4.882F-OT 4.6.45F.-03 4.42-iE-U}
3.913E-03 3.435E-03 3.153E-03 2.8S7E-03 2.6671-03 1.^6SE-03 1.5S6E-03
1.142E-03 1.170R-03 1.042^-03 £.431F~04 S.633F-04 7.977^-04 4.012E-04
2.3S6E-04 1.760E-04 L.410F-04

* ANG-DEP. SPUTTEPING CoE?FT FOR CO D+

1.166E-04 3.453E-04 6.534E-04 1.026f-03 1.456T-OT 1.039E-03 2.469E-03
3.045E-03 3.908F-03 4.38C'E-03 8.560F.-03 1.17U-0? 1.412F-02 1-602H-02
1.752F-02 I.R73E-02 1.S72F-02 2.032E-02 2.11SF-02 2.371E-02 2.343K-02
2.245E-02 2-12HE-02 2.012^-02 l.yOlE-02 1.79SE-02 1.703F-02 1.616F-02
1.428E-02 1.272E-02 1.151E-02 1.034F-02 7.1S2E-03 5. 789E-03
4.897F-03 4.271E-03 3.S04F-03 ?.442E-'03 T.151F-OT 2.0!1F-03 1.4<>4F.-03
S.707E-04 6.424E-04 5.177E-04

ANG-DEP. S P U T T E P T K G COE7FT F O P CO

8.789K-03 2.522E-02 4.674F.-02 7.23DE-02 1.0161-01 1.341F-01 1.636F-01
1.940E-01 2.244E-01 2.545F-01 5.2£>i.'F.-01 7.E33E-01 S.341F-01 1.0S2F+00
1.205F-»-00 1.30SE+00 1.335E-»-00 1.463E-«-00 1 .531F+00 l.F35E-»-00 l . S S S J R + 0 0
1.863E-»-00 1.806F.+00 1.730E*00 1.C70F+00 1 .601J+00 1.5341+00 1.472C+00
l.296E-»-00 l . l54E-»-00 1 .044F+00 0.5(>1P-01 8.S34J-01 6.518^-01 5.233E-01
4.443F-01 3.875E-01 3.452F-01 3. 123F-01 2.S59F.-01 2.642F-01 1.32DH-01
7.902F-02 5.830E-02 4.698^-02

A N G - D E P . S P U T T E R I N G COF.FFT FOP N T H +

2.674E-04 6.783E-04 1.16PF-OJ 1.721V.-03 2.322T>0.') 2.T'66F-03 3.fa4DF-0.j
4.365F-03 5.U.3E-03 5.891E-03 1.4£.'4r-02 2.270E-02 2.779F-02 T.lSO^-02
3.517E-02 3.7S"3E-02 4.014F-02 4.202E-02 4.C5nF-02 5.035E-02 5.065H-02
4.911E-02 4.690E-02 4.475F-02 '1.254r-02 4.044F-02 3.S48E-02 T.665E-02
3.242E-02 2.88SE-02 2.612F-02 2.302C-02 2.210F.-02 1-.630F-02 1.314C-02
1.112E-02 9.695E-03 S.636E-0? 7.bl3E-03 7.153F-01 6.609F-03 3.324K-03
1.977E-03 1.458E-03 1.175F-03
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*
*
4.
1.
6.
7.
£•
i.
3.

*
*
1.
3.
2.
1.
2. m

7.
1.

*
*
1.
3.
1.
1.
7.
2.
4.

*
*
1.
3.
2.
5.
4.
1.
2.

A N G - O E P . SPXJTTF.PTKC COEFFT FOP

153F-04 1.232F-03 2.32SF-03 3.'j56E-03
OS5F-02
241E-02
997F-02
087F-02
744E-02
102E-03

1.302F-02
b.b73E-02
7. 5S3F-02
4.532E-02
1.521 r-02
2.7S9E-03

1.564E-02
7.024E-02
7. 16SF-0?
4.100E-02
1 . 355F-02
1.844E-03

3.
7.
C.
3.

•

OoJF.-02
31 IL-02
773F-C?
7;i3E-02
22bi:-02

O

4
7
t
3
1

ANG-DEP. SP t 'TTKPIKG COE7FT FO^

476F.-03
2S8F.-02
023E-01
128F-01
176F-01
462F-02
327F-02

4.236E-03
3.763E-02
2. 19bE-01
3.01? F— 0 '.
t .?3SB-01
6cSiJ.RF-02
9.790F-03

7.d48E-03
4.274K-02
2.342F-01
2.L-21F-01
1.754F.-01
5.797E-02
7.S90F-03

ANG-DF.P. S P U T T F F I N G

928^-03
358E-02
512E-01
3SOE-01
70SF-02
643E-02
700E-03

4 . < » f ? 3 K - 0 3
3.P47F.-02
1.569F-01
1.263H-01
6.867E-02
2. 10rSE-02
3.-16RF-03

S.72F.F-'03
1.562F-02
l .b09I--»0 1
1. lbOF-01
6.213L-02
2.054F-02
2.793F-03

A N G - ^ H P . 5 P U T T E P I X G

680F-03
384E-02
637F.-01
396E-01
327E-01
484F-01
639F-02

4. 6^3^-03
3.H5SE-02
2.y2lF.-01
5.432F-01
3.855F-01
1.294F-01
1.947E-02

•S.530F-03
4.536E-02
3 . 1 7 1 F- 0 I
5. 39oF-01
3.437E-01
1. 153E-01
1.56GF.-02

I.
0.

2.
2.
1.
5.

216F-02
bOS!:-0?
46CF-01
^04^-01
005F-01
245T-7-02

1
1
~>
~>
1
4

COEFFT FOP

i.
9.
1.
1 .
o .
1.

COT.

1.
1.
3.
5.
3.
1.

21^61:- 02
261 1.",- 0 2
638E-01
071E-'01
Co7E-02
.•J58n-02

F F T F O R

305L-02
015F-0!
OD4E-01
T20E-01
1 93F-01
04TF-01

1
1
1
;

M I O+

. 1SJF-03

. 171T-02

.L47E-02

. 4 '>fcF.-02

. 4tF.r-02

. 123F-02

N I IHF.+

.707F-02

.2b5T:-01

.S72I -01

. faSi:r-oi

.4^3r-01

.8011-02

T U H-*-

.7601-02

. 1C2F-01

.65SF-01

. f. '24F-02
5.2J55-02
1

1
1
3
5
2
< ,

..701F-02

CV IHF.+

.8161-02

.£!12F-ni

. 5P2F.-01

.2.12F-01
. .J -SOF-Ol
.54RF-'02

5.
S.
b.
2.
1.

2.
1.
3.
2.
1.
4.

2.
1 .
1.
y.
3.
i .

•?.
i .
4.
5.
2.
R.

r-07F-03
032L-02
44bF-02
0(,SF-02
559^-02
037F-02

252F-02
569F-01
OS2F.-01
577F-01
Ol'5F-01
437F-02

? 61 F-02
322!.-OT
637E-01
237^-02
F' 77 F-02
55 72 F-02

3 78 H- 02
5> 42^-01
7fa3E-01
1 12F-01
1 771—01
S23F-02

b.
S.
S.
5.
2.
5.

2.
t .
3.
2.
8.
2.

2.
1.
1.
4*
3.
7.

2.
2.
5.
4.
1.
4.

7L-7F-03
705U-U2
J4SE-02
756F-02
062E-02
217E-OJ

747H-02
S17E-01
1 7 21-;- 01
471F,-01
821E-02
232E-02

7$>bF.-02
433L--01
ci lOE-01
62y il-i)2
12GE-02
'J05E-03

81 ii);-02
313n.-01
223U-01
b!)uE-01
754E-01
436F.-02
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* ANO-DEP. S P U T T E R I N G COEFFT FO^ ZN H+

*
6.934F-05 1.759^-04 3.032F-Q1 4.4G2F-04 6 .C21T-04 7.6 lj2l>04 9. 161E-04
1.132E-03 1.326E-03 1.527F.-03 3.875E-03 5.8b6E-0"J 7.205F.-03 S.262E-03
9.120E-03 O.S25E-03 1.041F.-02 1.089E-02 1.130F-02 L.305E-02 L.313E-02
i.27?F-02 1.21PF.-02 1.160F-02 I.10.1F-02 1.04f>r.-02 P.D7SF-03 0.504E-0 3
8.405F-03 7.488E-03 6.774E-03 6.201F.-03 5.730r-03 4.22SE-03 3.407E-03
2.8S2F-03 2.514F.-OT 2.230E-03 2.026H-03 1.8.i5F-01 1.714I.-03 8.620n-04
5.125E-04 3.781E-04 J.04SF-04

* ANG-DEP. SPUTTFPINC COEFFT FOP ZK D+
*

2.969E-04 8.810E-01 1.661F-03 2.614E-03 3.710F-03 4.03SE-03 b.2L(OE-03
7.756E-03 9.054E-03 t .HSE-02 2.180E-02 2.t'82F-02 3.50SF-02 4.07L^-02
4.463E-02 4.771H-02 5.022E-02 5.228E-02 E.3S6F-02 6.039F-02 5.960E-02
5.71SE-02 5.472F.-02 5.125E-02 4.cl43L'-02 4.58nr-02 4.T38K-02 4.110^-02
3.637E-02 3.240E-02 2.931F-02 2.634E-02 2.480F-02 1.830f-02 1.474E-02
1.247F-02 1.0S3E-02 9.691F.-03 8.767E-03 8.026F-03 7.416E-03 1.730F-03
2.218E-03 1.636E-03 1.319E-03

* ANfl-OFP. S P U T T E R I N G COEFFT FC.U1 ZN 4I!r-«-
*
7.707E-03 2.212E-02 4.0:)SF-02 6.348E-n2 8.&13F-02 1.1761-01 1.435E-U1
1.702E-01 1.968F-01 2.232E-01 4.647E-01 6.606F-01 8.192F-01 S).4L<OF.-01
1.057E-»-00 1.147E + 00 U223F.+ 00 1.2SyL + 00 1.313F-«-00 1.609F + 00 1.656E+00
1.633E+00 1.5S1F + 00 l.525F*00 1.464E+00 1.404F-»-Or) 1.346F+00 1 .290E+00
1.136F+00 1.012E+00 9.158F-01 8.3S4E-01 7.747F-0! 5.715F-01 4.606E-01
3.896E-01 3.39SF-01 3.027E-01 2.739E-01 2.5071-01 2.317F-01 l . l t .5E-Ol
6.929F.-02 5.112E-02 4.120F.-02

*

*8.482E-
1.524F-
2.174E-
5.235F-
4.165E-
1«428F.-
2.540E-

ANO-DEP. -SPUTTERING C'jrFFT FOR ZP K +

07 2 .222&
•05 1.7S5E-
04 2.465E
04 5.273F/
04 3.710E*
04 1.246E
05 1.874E-05 1.510F-05

06 3.902F-06 5.S1RE-06 7.D32F.-06 1.022F
05 2. 077 F- 03 5.441E-05 9.555F-05 1.425F
04 2.728F.-04 2.&05E-04 3.1801-04 4.4C-SE
04 5c226F.-04 5.132F.-04 5.013E-04 4.SSOF
04 3.3S7F-04 3.073L-04 2.83SF-04 2.D95E

1.110K-04 1.004E-04 &. 190F-05 8.402F-04

05 1.
04 1.
04
04
04
05

.
4.

266E-05
350E-04
033F-04
742E-04

.271i:-O.S
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* ANG-DEP. SPUTTEOTNG COEFFT FOP ZP D+
*
2.S47E-06 8.400R-06 1.582H-05 2.47SE-05 3.511E-05 4.667F-05 5.937E-05
7.313F-05 8.78<)F-05 1.0">6E-'04 3.057E-04 5. 108E-04 6.836E-04 8.3S4E-04
9.765E-04 1.100F.-03 1.210F-03 1.309F-03 1.3L8F-03 1.937E-03 2.151E-03
2.229E-03 2.242E-03 2.221F-03 2.1S1E-03 2.131T-03 2.076E-03 2.019E-03
1.773E-P3 1.579E-03 1.42&E-03 1.308E-03 1.20RF-03 8.E-16F-04 7.185E-04
6.078E-04 5.301^-04 4.722E-0* 4.272E-04 3.S11F-04 3.614F-04 1.818E-04
1.081H-04 7.974P.-05 6.427F-05

* ANO-m-P . SPUTTE^IVC COEFFT FOR ZR
*

6.S85F-05 2.397E-04 4.932E-04 8.227F-04 1.224E-03 1.692E-03 2.226E-03
2.823E-03 3.246E-03 3.S45F.-03 1.071E-02 1.813E-02 2.550F-02 3.261E-02
3.S39E-02 4.583^-02 5.192F-02 5.7GSE-02 6.313F-02 1.045F-01 1.30JE-01
1.479E-01 1.600^-nt 1.685E-01 1.746T:-01 1.7COE-01 1.S20F-01 1.841E-01
1.586E-01 1.413F-01 1.27SE-01 1.170K-01 1.0S1F-01 7.976F-02 6.428E-02
5.438F-02 4.743E-02 4.225F-02 3 .U22r -02 3.4^ar.-02 3.233E-02 1.626E-02
D.670E-03 7.134E-03 5.75CE-03

* A N G - D E P . S P U T T F R I X G COEFFT ^OP NB H"«-
*

2.047E-05 5.361F-05 9.415E-05 1.404E-04 1.T.14F-04 2.466E-04 3.055E-04
3.677F-04 4.131E-04 5.01TE-O4 1.313C-03 2.306F-03 3.438F-03 4.463S-03
5.245E-03 5.f.'4f-F-03 6.5S4F-03 7.156T--03 7.673F-03 1.085F-02 1.215E-02
1.263E-02 1.273E-02 1.261F-02 1.23SF-02 1.210F.-02 1.178E-02 1.144E-02
1.005E-02 S.953K-03 8.100H-03 7.U5F-03 C.852F-03 5.055E-03 4.074E-03
3.446F-03 1.006E-D3 2.678E-03 2 .422H-03 2 .2 tSr -03 2.049K-03 1.031^-01
6.128E-04 4-521F-04 3.644F-04

A N G - D K P . S P U T T F ^ I N G COEFFT FOR D+

2.4HJE-05 7.117H-05 L.344F-'04 2.1061-04 2.Q83F-04 3.965F-04 5.0*4E-04
^.213E-04 7. 167F.-04 3.S02R-04 2.o£7E-n3 4.340F-03 5.S08F.-03 7.12.1F-03
8.297F-03 9.344E-03 1.02SF-02 1.1L2F.-02 1.1.8S1:-02 1.646F-02 1.827E-02
1.894E-02 1.905F.-02 1.S87F-02 1.853F-02 1.F11F-02 1.764F-02 1.715F-U2
1.506E-02 1.342F.-02 1 .214V-02 1.111E-02 1.0271-02 7.575F-03 6.105E-03
5.164F-03 4.504F-m 4.012IT-03 3.630I--03 3.323R-03 3.071K-03 1.5445-0?
P.183F-04 6 . 7 7 o R - O t 5.460S-04
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* A N G - D E P . S P U T T F P I N C COFFFT FOR N b 4HE +
*
8.007E-05 2.743E-04 5.653E-04 0.431F-04 1.4031-03 !.£40E-03 2.552U-03
3.236E-03 3.721E-03 4.40SF.-03 1.22SF-02 2.078F-02 2.923F-02 3.738F.-02
4.516E-02 5.253F.-02 5.951F-02 C.C12E-02 7.237F-02 1.1LSF-01 1.496E-01
1.695F.-01 1.-JT4F-01 1.3T2E-01 2 .0U2H-01 2.051F-01 2*OS6E-01 2.110i:-01
1.818E-01 1.61DE-01 1.465E-01 1.341F-01 1.239F-01 9.1431:-02 7.369E-02
6.233E-02 5.436E-02 4.S43E-02 4.181E-02 4.0!ir.-02 3.706F-02 1.S64E-02
1.108E-02 8.178E-03 6.591F-03

* ANG-DEP. S P U T T E R I N G CO^FFT FOR MO H+
*

1.263F-05 3.34?)E-05 5.925F-05 S.a21F.-05 1.216F-04 1.571F-04 I.SJ32E-04
2.355E-04 2.7SOE-04 3.224F-94 S.54DE-04 1.513F-03 2.267E-03 2.0ob'E-0^
3.519E-03 4.033E-03 4.503F-03 4.P33E-03 5.327F-03 7.893F-03 9.075C-03
9.623E-03 9.S40E-03 9.871E-03 0.7'J4C-03 £i'.6i>2E-03 a.472E-03 r j .2o9E-03
8. 112E-03 7.226E-03 6.537E-03 5.035E-03 5.5301-03 4.080E-03 3.2S3E-03
?.781E-03 2^426^-03 2.161F.-03 1.D5SE-03 1.7COF-03 1.654E-03 8.31DE-04
4.946E-04 3.649E-04 2.941F-04

+ ANG-DEP. S P U T T E V ' T N G COEFFT FOR MO D +
ft

4.968E-05 1.366F-04 2.46ST-01 3.7o5F.-04 5.2')OF-04 6.784E-04 S.405E-04
1.032E-03 1.226E-03 1.429E-03 3.fJ30!J-03 6.361E-03 S . t4bK-03 y.660E-01
1.095E-02 1.20&H-02 1.302F-02 1.3S4E-02 1.4571-02 1.F35F-02 1.D33E-02
1.932E-02 1.891E-02 1.S32E-02 1.767E-02 1.700F-02 1.633F-02 1.570L-02
1.382E-02 1.231E-02 1.114E-02 1.020E-02 9.4211-03 6.951E-03 5.602E-0.)
4.739E-03 4.113^-03 3.682E-03 3.331»03 3. 049F.-01 2.S18E-03 1.417E-03
8.427E-04 6.217E-04 5.010E-04

* ANG-DEP. S P U T T E R I N G COEPFT FOt? MO 4HI?"»-
*

2.215E-04 6.924E-04 1.348F-03 2.164E-03 3.123F-03 4.214F-03 5.430E-03
6.763E-03 8.582F.-03 9.S63E-03 2.225F-02 3. 300F.-02 4.207L-02 4.973H-02
5.625E-02 6.1S3E-02 6.664E-02 7.030i:-02 7.442F-02 9.332E-02 9.8loE-02
0.805E-02 9.595E-02 9.299F-02 S.970E-02 S.633F-02 S.301E-02 7.9SOE-02
7.042E-02 6.273E-02 5.675E-02 5.195F.-02 4.SOOF-02 3.542r-02 2.S54E-02
2.415E-02 2.106E-02 1.876E-02 1.6D7F.-02 1.554F-02 1.436F-02 7.221E-03
4.294F-03 3.16SE-03 2.553F-03



27

*• ANG-OEP. 3PUTTEP.ING COEFFT FOT? PH H+
*
1.168F-06 3.0P7E-06 5.430E-06 S.214E-06 1.124F.-05 1.453E-05 1.305E-05
2.178E-05 2.571E-05 2.9S1E-05 7.D06E-05 1.319E-04 2.097F-04 2.735K-04
3.254F-04 3.729E-04 4.164E-04 4.562E-04 4.P26E-04 7.299E-04 8.393F-04
8.899E-04 D.100E-04 9-12SE-04 9.05yE-04 S. 927F-04 8.760F.-04 8.572E-04
7.502E-04 6.bS3E-04 b.04tF.-04 5.o35E-04 5.114E-04 3.773E-04 3.041E-04
2.572E-04 2.244E-04 1.3ECE-04 t.SOSE-04 1.655F.-04 1.530E-04 7.6&3E-05
4.574E-05 3.375E-05 2.720F-05

* ANG-D5P. S P U T T E P I N G COEFFT ^OV ^H D+
*
1.267E-05 1.433E-05 6.293F-05 9.574F-05 1.026F-04 1.7301—04 2.16C>r-,-04
2.632K-04 3.126^-04 T.6-15V-04 1.002E-O.T 1.622T.-01 2.077E-03 2.463T-.-OT
2.793F-03 3.075E-03 3.310F-03 3.530E-03 3.715F-03 4.680F-03 4.S2&E-00
4.927E-0? 4.81lE-')3 4.{J72c:--03 4.503F-0-1 4.334E-03 4.165F-OT 4.002E-01
3.524F-03 3.13'JE-03 2.S40K-03 2 . C O O E - 0 3 2.402E-O.T 1.772}-03 1.428E-OJ
1.20PE-03 1.054E-01 r).3S°,n-04 S.4C-4F.-04 7.776F-04 7.185F-04 3.614E-04
2.149F-04 1.595F-04 1.278E-04

* A N G - P E P . 3 P U T T E P T K G COFFF-T T W HH
*

4. 125F-04 1.2S?E-03 2.511^-03 4 . 0 2 0 F - O H 5.S15F-03 7.847F-03 1.011F.-02
1.259^-02 1.59SE-02 l .S">7F-02 4.143E-O2 6.144F-02 7.8T3E-02 9.260E-02
1.047F-01 1.151F-01 1.241F-01 1.31SE-01 1.3S6F-01 1.733E-01 1.827E-01
1.326^-01 1.7S7E-01 1.731F-01 1.670^-0! 1.607F-01 1.546F-01 1.43GE-01
1.311E-01 1.168F-01 1.057F-01 9.673E-02 S.933T-02 6.595E-02 5.313E-02
4.4r"6E-02 3.921E-02 3.493E-02 3.1t"F-02 2.8P3F-0'! 2.673E-02 1.345E-02
7.995E-03 5.SD8E-03 4.754E-03

* A N G - O H P . S P U T T F P I N O COEFI'T I OR AC H +
*
3.943F-06 1.046E-05 1.S50F-05 2.773F-05 3.796F-05 4.&05E-05 6.094E-Uo
7.353E-05 S.67SE-05 1.007E-04 2.66L-E-04 4.722F-04 7.07SE-04 9.23oL:--04
1.099F-03 1.253F-03 1.406E-03 l.ci'iOE-03 1.663F-03 2.464E-03 2.833E-OJ
3.004F.-U3 3.072E-03 3.0S2E-03 3.05oE-0? 3.013F-OT 2.957E-03 2.S04E-03
2.532E-03 2.256F.-03 2.041E-03 1.S6KE-03 1.726P-03 1.274F-03 1.027F-03
8.6B4K-04 7.571E-04 6.747F-04 6.10tF:-04 5.588H-04 5.163E-04 2.5SJ7E- 4
1.544E-04 1.139E-04 H.1S2F-05
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* ANG-OEP. SPLTTEPINO COFPFT FOR AC D4"
*
4.312F.-05 1.135E-04 2. 142E-04 C.25GF-04 4.513F-04 5.3ESE-04 7.373F-04
8.959E-04 1.064E-03 1.241F.-03 3.411F-03 5.521F.-01 7-070F-03 8.JS4E-03
9.505E-03 1.047E-02 1.130^-02 1.202E-02 1.264F-02 1.593E-02 1.67SF-02
1.677E-02 1.641F-92 1.590E-02 1.533F.-02 1.475r-0? 1.413E-02 1.T62H-02
1.199F-02 1.06SF-02 9.666F.-03 8.84DE-03 8.J77F-03 6.033F-03 4.862F-03
4.113E-03 3.5S7E-03 3.105E-03 2.891E-01 2,ot67.-03 2.445F-03 1 .230T--J3
7.313E-04 5.396E-04 4.340F-04

* ANG-DEP. S P U T T E R I N G COEFFT FOR AC 4T^ +

*
1.410F-03 4.407E-03 8.5S3E-03 1.377E-02 1.08SF-02 2.682E-02 3.456K-02
4.305E-02 5.463E-02 6.27SE-02 1.416E-01 2.100F-01 2.67SE-01 3.165E-01
3.580E-01 3.936E-01 4.242E-01 4.507H-01 4.7371-01 5.e'40F-01 C.247H-01
6.241E-01 6.107E-01 5.0li)E-'01 5-.70C-E-01 5.4£?5r-U1 5.2S4F-01 5.030T:-01
4.482E-01 3.993F-01 3.612E-01 3.3071.-01 3.0551-01 2.254E-01 1.817E-01
1.537F-01 1.140E-01 1.104H-01 1.030E-01 {?.
2.733E-02 2.016F.-02 1.625F-02

2 9.!'38F-02 4.596E-02

* ANG-HEP. SPUTT-Er iNO COEFFT FOR TA 11 +
*
D.920F-08 2. 165E-07 3.41SF-07 4.725F-07 t.075F-07 7.460F-07 8.ii74E-07
1.031E-06 1.178E-06 1.326^-06 2 .3D4E-06 4.56RL-06 6.316E-06 ^.120H-06
9.971E-06 1.186E-05 1.37PF.-05 1.5ull :-OS 1.674F-05 2.441F-Oo 2.757E-05
2. 874E-05 2.894F-05 2.863E-05 .':.b04E-05 2.731F-05 2.650E-05 2.56fai:-05
2.259E-05 2.012E-05 1.S20F-05 1.666E-05 1.5401-05 1.136E-05 9.155E-06
7.744E-06 6.755E-06 6.017F-06 5.U4i:-Ob 4.9S3F-06 4.t05E-06 2.31fc 'J-Ob
1.377E-06 1.016E-06 8.189E-07

* ANG-DEP. S P U T T E R I N G COEFFT FO1? T A . D +

*
5.125F-07 1.206E-06 1.990E-06 2.y40F.-Oft 3.7411-06 4.bS5F.-06 5.6fa8E-Ob
6.684F-06 7.730E-Ob 8.305E-06 2.072F.-05 3.4191-05 4.878F-05 6.426E-OS
7.913F-05 8.99SK-05 9.37DE-05 1.0y7E-04 1.167F-04 l.f.72E-04 1.8R5E-04
1.971E-04 l.S»95E-04 1.984E-'04 1.955E-04 1.015F-04 1.S09K-04 1.S20E-04
1.591E-04 1.417K-04 1.282F-04 1.17:3E-04 1.0U4E-04 R.OOOF-05 6.448E-05
5.454E-05 4.757E-05 4.23SF-05 3.S34E-05 3.510E-05 3.243E-05 l.t>31R-05
9.699F-06 7.156E-06 5.767F-06
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* ANG-DEP. SPUTTERING COL°FT FOP TA 4HE+

*
6.467E-05 1.480E-04 2.401E-04 3.385F-04 4.410F-04 5.4&3E-04 6.603E-04
7.745F-04 8.914E-04 1.01!F-'03 2.313E-03 3.753F-03 5.292E-03 6.9U7E-03
8.587E-03 9o930E-03 1.114L-02 1.227F-02 1.3311-02 2.043E-02 2.411E-02
2.609E-02 2.714E-02 2.764F-02 2.778E-02 2.77111-02 2.74SF.-02 2.716E-02
2.369E-02 2.111E-02 l.SOFF-02 1.74SL-02 I.615E-02 I . I92F-02 9,604E-03
8.124E-03 7.036E-03 6.312E-'03 5.711E-03 5.228F-0? 4.R31E-03 2.430E-03
1.445E-03 1.066E-03 S.5UOE-04

* ANG-DEP. S P U T T E R I N G COEFFT FOR W H-»-
*
5.579E-06 1.21SE-05 1.922E-05 2.658F-05 3.417F-05 4.1H6F-05 4.901E-05
5.801E-05 6.621E-05 7.457F-05 1.628F-04 2.56fJF-04 3.552E-04 4.567E-04
5.608E-04 6.671E-04 7.753E-04 S.725E-04 9.415F-04 1.373F-03 1.550E-03
1.616E-03 1.628E-03 1.610F.-03 1.577E-03 1.536F-03 1.490F-03 1.443E-03
1.270E-03 1.132F-03 1.024F-03 9.372F-04 8.660P-04 6.389E-04 5.149E-04
4.356E-04 3.7S9E-04 3.184E-04 3.062E-04 2.S03E-04 2.590E-04 1.303H-04
7.746E-05 5.715E-05 4.606E-05

* ANG-DEP. SPUTTERING COFFFT FOR V D*
*
1.005E-05 2.365E-05 3.901F-'05 5.o6bE-05 7.332F.-05 &. 183E-05 1.111L-04
1.310E-04 1.515^-04 1.726E-04 4.062E-04 6.702F-04 S.561F-04 1.260E-U1
1.551E-03 1.764E-03 1.956.E-03 2.130E-03 2.288r-03 3.277F-03 3.634F.-03
3.864"E-03 3.910E-03 3.88RE-0.3 3.S32E-03 3.753F-03 l.febSF-O^ 3.568E-01
3.118E-03 2.777E-03 2.512E-03 2.300E-03 2.125E-03 1.56SE-03 1.264E-03
1.069E-03 9.124E-04 8.106E-04 7.514F-04 6.879E-04 6.356F-04 3.107H-04
1.901E-04 1.402E-Q4 1.130F-04

* ANG-DEP. SPUTTFRING COF^FT FOR W 1HE+
*
1.702E-04 3.894E-04 6.31&F-04 8.00Sr-04 1.1631-03 1.446E-03 1.738E-03
2.038E-03 2.346E-03 2.660E-03 6.087F.-03 9.S77F-03 1.393F-02 1.81SE-02
2.260E-02 2.613E-02 2.932E-02 3.228F-02 3.&01L-02 5.o77F-02 6.345F.-02
6.867E-02 7.141E-02 7.273E-02 7.312E-02 7.201F-02 7.232F-02 7.147E-02
6.235E-02 5.554E-02 5.025E-02 4.600E-02 4.251F-02 3.136F-02 2.527E-02
2. 138E-02 1..865E-02 1.661E-02 1.503E-02 1.076F-02 1.271E-02 o.3^4^-03
3.802E-03 2.805E-03 2.261F-03
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ANC-DEP. SPUTTERING COEFFT FO1? AU H+

4.342E-05 1.251E-04 2.322F-04 3.601E-04 5.062F-04 6.686IL-04 8, 460E-04
1.037E-03 I.241E-01 1.458E-03 4.1&GE-03 7.7D5F-03 1.20i>E-02 1.60EE-02
1.953E-02 2.275E-02 2.576F.-02 2.856L-02 3.11SF-02 4.947E-02 5.906E-02
6.426F-02 6.700E-02 6.826F-02 6.360E-02 6.S35F-'02 6.772E-02 6.6S2E-02
5.S47E-02 5-200E-02 4.713F-02 4.314E-02 3.SS6F-02 2..04IF-02 2.370^-i)2
2.005E-02 1.749E-02 1.558F.-02 1.400E-02 1.2f.'OF-02 i. 192F.-02
3.565E-03 2.671E-03 2.120F-03

* ANG-DEP. S P U T T E R I N G COEFFT FOR AU D-*-

*
3.163E-'04 7.347E-04 1.203K-03 1.707E-03 2.23£)F-03 2.7P4E-03 3.371E-03
3.965E-03 4.575E-03 5.201F-OT 1.20[JE-02 1.97ST-02 2.S07E-02 3.535E-02
4.174E-02 4.757E-02 5.28SF-02 5.773F-02 6.2161-02 E.09DE-02 1.044E-01
1.108E-01 1.1T6F-01 1.143F-01 1.137E-01 1.124E-01 1.106F-01 l .OdbF. -Ol
9.477E-02 3.442E-02 7.637E-02 6.902F-02 t.461F-02 4.7o7F-02 1.S41E-02
3.249F-02 2.834E-02 2.525E-02 2.2S4E-02 2 .0SIF-02 1.932F-02 0.718S-0.3
5.778E-03 4.263F-03 3.43oF-03

* ANG-OEP. SPUTTF 'P ING COEFFT FOP AU 4HF +
*
4..508E-04 1.458E-03 2.S96F.-03 4.713E-03 6.S76F-03 9.363F-03 l.21oE-02
1.524F.-02 1.S82F.-02 2.186E-02 5o2S6E-02 S.167F-02 1.072T-.-01 1.2f>7r.-01
1.494E-01 1.669E-01 I.S24K-C1 1.962E-01 2.0S5I-01 2.R11F-01 3.086E-01
3.179E-01 3.1S6F-01 3.148F.-01 J.OSSE-01 3.015F-01 2.^36F-01 2.S55E-01
2.500E-01 2.227F-01 2.015F-01 1.845E-01 1.7041-01 1.258^-01 1.013L-01
8.573F-02 7.477E-02 6.661^-02 O.026E-02 5.5171-02 5.09RF.-02 2.56iK-02
1.525E-02 1.125L-02 9.065E-03


