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Angular Distributions of Atomic Vapor Stream Produced by Electron Beam Heating
Hironori OHBA, Kazuhiro AMEKAWA and Takemasa SHIBATA

Department of Chemistry and Fuel Research
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Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received March 3, 1997)

The angular distributions were measured as a function of deposition rate for aluminium, copper, gadolinium and
cerinm vapor stream produced by an electron beam gun with water-cooled copper crucible. The distributions were
recorded on the mounted on a semicircular {120mm in radius) mask over the evaporation source. The measured
distributions wereable to be described by a simple cosine law, that is cos” & , except for the case of extremely high
evaporation rate with a perous material, where n is a rate-dependent beaming exponent, ¢ is the angle from the
vertical. For many kinds of evaporants, it was confirmed that the beaming exponents increase continuously from unity
to 3 or 4 with increasing deposition rate and are approximately proportional to R*®where R is the deposition rate.
Moreover, it was found that the beaming cxponents n are abte to be expressed as 7= o Kny®®, where Kng* is the
inverse of Knudsen number, which is defined by the mean free path of evaporated atoms and the evaporation spot size,

and ¢ is the constant.

Keywords : Electron Beam Heating, Evaporation, Angular, Distribution, Aluminium, Copper, Gadolinium, Cerium,

Porous Maiterial, Cosine Law, Inverse of Knudsen Number
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Table 1. Physical properties of evaporation materials.”

T Al Cu Ce Gd

Atomic weight 27 63 140 157
Density at 293K ( X 10%kg/m3) 2.70 8.96 6.75 7.865
Melting point (K) 033.37 1357.8 1071 1623
Boiling point (K) 2793 2833 3703 3273
Thermal conductivity
273-373K (W/m/K) 238 397 11.9 8.8
Mean specific heat
273-373K (J/kg/K) 917 386 188 298
Vapour pressure 3 2 2
X X X
2t 2000K. (Pa) 1X10 3X10 2 2X10
Surface tension at melting point
914 1285 740 810
(X 10-3N/m)
Inter atomic distance (A) 2.86 2.55 3.63 3.55
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Fig.1 Schematic drawing of experimental set up.
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Fig 2. Schematic view of deposition plate set up
for angular distribution measurements.
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Fig.3 Deposition rates of evaporants measured with a quartz crystal
sensor located at height of 405mm from the crucible top as a function
of electron beam power using a water-cooled copper crucible.
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Fig.4 Deposition rates of evaporants as a function of electron beam
power with a porous material and without a porous material.
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Fig.5 Angular distributions of evaporated aluminium at electron beam
power, evaporation time and deposition rate at the deposition plate of
(a):1.5kW,180min.,0.7nm/s,(b):2.5kW,1 80min.,22.8nm/s,(c):5.0kW,
7min.,114.6nm/s
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Fig.6 Deposition rate dependence on beaming exponent
of aluminium at a height of 120mm from the crucible top.
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Fig.7 Angular distributions of evaporated copper at electron beam
power, evaporation time and deposition rate at the deposition plate of

(a):2.0kW,120min.,0.38nm/s, (b):3.5kW,20min.,11.7nm/s,{c):4.5kW,

10min.,58.3nm/s
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Fig.8 Deposition rate dependence on beaming exponent
of copper at a height of 120mm from the crucible top.
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Fig.9 Angular distributions of evaporated gadolinium at electron beam
power, evaporation time and deposition rate at the deposition plate of

(a):0.5kW,120min.,0.7nm/s,(b):1.0kW,10min.,25.9nm/s,(c):2.5kW,
1.5min.,137.1nm/s
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Fig.10 Deposition rate dependence on beaming exponent
of gadolinium at a height of 120mm from the crucible top.
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Fig.11 Angular distributions of evaporated cerium at electron beam
power, evaporation time and deposition rate at the deposition plate of
(a):1.0kW,90min.,0.35nm/s,(b):1.75kW,30min.,1.05nm/s,(c):4.0kW,
3min.,10.5nm/s
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Fig.12 Deposition rate dependence on beamin'g exponent
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surface area irradiated bv electron beam.



JAERI-Tech 97-020

1-2 1 T 1 U ‘ T T U T

o

1

(@)n=1.06+0.08| -

0.8

06|

Normalized deposition rate [-]

s (c)n=3.33:0.14

(b)n=205i005 O AN

0.4 I o.. S SO

: o

= |

1 L I 1 L - I L 1

7] S S—
-100 -50 0

Angular [degree]

50

100

Fig.14 Angular distributions of evaporated copper with a porous material
at electron beam power, evaporation time and deposition rate at the
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Fig.16 Deposition rate dependence on beaming exponent of copper
with a porous material at a height of 120mm from the crucible top.



JAERI-Tech 97-020

1 O 1] T T 1] i LRI l { T T ] LI B 1 1] ] ] FOTORT 1] o T T
i o : Aluminium ]
- ] . Copper T
— - v - Cerium 1
5 - = . Copper with a porous materiat 1
c - ® 1 Gadolinium (Ref.4) . .
Q - . . R
Q | |
x
o i é
(@) | . A ]
e 4
£
e s
% | J
2 | ]
| v i
O i | 1 [ BN | L ; [ rJ . . L I 1

0.1 1 10 100 1000
Inverse of Knudsen number Kn,'[-]

Fig.17 Beaming exponent of angular distributions of various evaporants
as a function of inverse of Knudsen number.



