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‘ Contact lonization ‘

Contact-lonization Probability

1 2 3 4 5 6 7 8
A) | 241 | (3A) | (4A) | (5A) | (6A) | (7A) | (8) FrFN | TRTY | b= A | AT YA
1 Ta W Re Ir
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és éﬁ 57;1 IT; ? ?V ;‘5,‘) 3 Li 1.7%1072 8.0x102 6.1%102 0.24
s a a s
132.90543| 137.327 17849 | 1809479 | 18385 | 186207 | 190.2 5.36 eV
87 88 | 89 - 103 e :
B | o (S| |l s | o Langmuir-Saha equation B
‘223 | 226 P N e(E-W
+
——F —oc |1+ 2eXxp
N, +nN, KT
OO E, Na By rreeeregrereremererores reeennnenee E, K
Tungsten W Sodium Tungsten W Potassium
(W) W . (Ea)v 4.55 eV LN 434 eV
455 eV [\ 14e A
EF EF El
E,




Ionization Efficiency (%)

100

10

1

‘ Contact lonization ‘
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‘ lon Sources ‘

Surface-lonization Type of lon Sources
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‘Q—machine Plasma‘

R. W. Motley : “Q machines’ (Academic Press, New Y ork, 1975)

Q-machine Plasma
(Quiescent)

Hot Plate
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Tungsten
Hot Plate

Vaporization Oven
for Alkali Metal

‘ Hot Plate‘
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Basic Properties of Q—machine Plasma

Hot plate
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Basic Properties of Q—machine Plasma
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‘Hot Plates‘
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‘ Hot Plates‘

Graphite Tungsten

Production Cost Production Cost
¥30,000 ¥800,000
4 Atomic Mass
. ) C: 12
Side view W : 184
Weight Weight
1159 1,200 g

Diameter : ¢52

Top view Bottom view



Work Function of Graphite Hot-Plate
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(I)EP (V)

Net Resistance of Endplate

W-HP : T=2300K
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Tungsten HP
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A= Anmekg/ # = 120 (A cm=2 K2)

Tungsten: (W=4.5¢eV, A=74A cm2K2) «— —ARRI7L(E

2500K D5 E DW—HPELYRHEESNIEFEEE
Current Density : j, = AT?exp(-W/T) = 5.5+107 (A cm™2)
Electron Current : | = j#m2=12(A) N Chargqs'lﬁji%HShman
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Electron Flux to EP: 7_ = | exp(-e¢J/T,) = 1.1x10-7 (A)
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‘ Intercalation Graphite ‘

Start Temperature of
Chemical Reaction to Graphite

RIEWE  RCESEE RIS

Al 800C AliCs

B 1600 BiC

Fe 600~800 FesC

Na 400~ 450 CuNa BEMEE4 (O; 7HET) + K — - -
- i e 8C+ K C¢K etc. (Intercalation Graphite)
Mo 700 Mo,C

N 1310 Ni hADE _ m m mﬂ

21 1150 SiC @ ——

Cu RIS LEL ©0) s
o : — I = O
Pb ’ e

B p o (9]0))] —_—
W 1400 W,C., WC (k& =

Y 300 Cok thDmEEE / o D
Li 500 Li :Co

Be 900 Be,C (BEH 2\ EHe®) _ . - o
B20s3 1200 CO+B8raE yrrxdl | 2 F ¥ AT 3AF—-Z
V205 438 # . ]
Fe:O3 3%8 ’ Work function of graphite surface becomes lower.
TiO» 4
SiO; 1250 e ’
AlLOj3 1280 AliC;  ~
BeO 960 Be,C %
MgO 1350 ’
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‘Work Function of Graphite Hot—PIate‘

C-HP : T=2200K

| ' | |
Tungsten HP v
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Electron Fluxto EP: 7= ¢/R=9.3%103 (A)
(FHAME: .= 2.6 V)

2150KDIHZENDC—HPKIYUBMHEINSEFEEE
Electron Current : 1, = I Jexp(—egJT,) = 8.3+x102 (A)
Current Density : j =1 /zr2 =3.9%10- (A cm?)
[ .= AT?exp(-WIT)]

G577 A DLEREH
Richardson Const. : A=0.19 (A cm2K-2) R 7E

If A of graphite HP is equal to A of intercalation graphite,
Work Function of intercalation C-HP W=3.7¢eV.

Tungsten: (W=45¢eV, A=74 A cmK?)
Graphite: (W= 4.3 eV, A=0.19 A cm2?K-?)

16



Elect

ron

W-HP

Radial Profiles

T I T
HP Temp.
2200°C

Electron C-HP
16 T | T | T | T
HP Temp.
2150°C
S 8t -
= 1980°C
. K Oven i
Off 1890°C
1780°C
0 L
-8 0 8

r (cm)

Tungsten Hot-Plate

Positive lon w-np
| I HPITemp.—
2200°C

2050°C |

r (cm)

Graphite Hot-Plate

Positive lon c+p

1_

I, (uA)

I I I
HP Temp. —
2150°C

Potential

W-HP




Problems of Graphite Hot—PIate‘

Now, it is difficult to keep Graphite Hot-Plate on heating
for long time(several tens of hours).

Hot Plate

~10 V
~60 A

~1500 V2
~2A

Tungsten—wire heater is easily change the shape
because the tungsten wire absorbs carbon powder
suspended behind the Hot Plate and embrittlement
starts from about 800

Used Graphite Hot-Plate
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Cs, K, Na, Li

Application for Nanoscale Material
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Alkali-Halogen Plasma Generation

Vaporization Oven K
for Halide Alkali Salt W—K—Non
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i C | }
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KCI : Bhs 776°C, 5# 5 1500°C
NaCl: @ts& 800°C, S 1413°C
CsCl: Bhs 646°C, s 1290°C

1760 W
1540 W




Compact and Effective Alkali-Halogen Plasma Source
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Effective Generation of Alkali-Halogen Plasma

KCI
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‘Profiles of Alkali-Halogen Plasma along B field
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Conclusion I




