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Measurement of Secondary Electron Emission Coefficient

of Wall Materials Using Auger Electron Spectroscopy
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An Auger electron spectroscopy (AES) has been emploved to determine
the secondary electron emission coefficient of various wall materials.
The coefficient of material relates closely to the surface composition

which is modified by surface treatments including baking, argon ion

etching and methane glow discharge. Based on the results, we took

countermeasures to decrease secondary electron emissiom from the inner

wall of the JT-60 RF waveguides.
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Fig. 2  Arrangement for measuring secondary electron
emission coefficient.
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77 777 rred
(a) Applying DC Bias (b} No Bias

Fig. 3 Measurement of the secondary electron emission
coefficient (8) by applying bias voltage.
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Fig. 4 Modified accelerating voltage circuit.
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Fig. 5 Specimen current versus bias voltage for primary
beam energy of 0.5 keV.

Primary Beam Energy : 1 keV

with Hole -
~ TIC Surface _— : . , , . ,
40 20 0 -20 -40 "~ -60 -80
Bias Voltage (V)

2+

Fig. 6 Specimen current versus bilas voltage for primary
beam energy of 1.0 keV.

Primary Beam Energy : 1.5 keV

— -41—
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Fig. 7 Specimen current versus bias voltage for primary
beam energy of 1.5 keV.
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i Q,f"/ - Sample © SUS 304
. —x— Before Baking
./ —o— After Baking
g —— After Etching
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Fig. 8 Specimen current versus primary beam energy from
30488 before and after 400°C baking, and after
argon ion etching.
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Sompie : 304 SS

Ep '8 keV
¢ 0% 05'/. 5% Before Boking
Fe \
89%Y. L% 39 After Baking (400°C, 2 hours)
¢ Ocr Fe
V¥ &%

Q2% After Argon Eiching (30 min)

0

Fig. 9

2.5
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i
%
3 15
=
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0
E |.0
Ll
% 0.5
3
]
0
Fig. 10

200 400 €00 800 1000
Electron Energy E (eV )

Auger electron spectra from 304S8S before and after
400°C baking, and after argon ion etching.

! T I T 1

Sample : 304SS
B Before Baking -

After Efching

I 1 1 | |
300 600 900 1200 1500
Primary Beom Energy Ep(eV)

Secondary electron emission coefficient versus
primary beam energy of 30488 before and after
400°C baking, and after argon ion etching.
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Mo ¢ 0 . Somple : Mo
Before Baking Ep: 5keV
9.7 % . o
Mo C 0 After Baking {500C, 2 hours }
dN
dE
/ C 0 After Argon Efching (10min)
Y19.4% bms%
72.8°%
0 200 400 600 800 1000
Electron Energy E (eV)
Fig. 11  Auger electron spectra from molybdenite before and
after 500°C baking, and after argon ion etching.
25 T T T T T
w Sarmple © Mo
5 20F /’”\ )
2
© . Before Baking
o —
< 151 S After Etching
o
Ry
u
g 1.0 1
L After Baking
'
o
5 05¢ .
o
)
| | | 1 1
0 300 600 5300 1200 1500
Primory Beam Energy Ep(eV)
Fig. 12 Secondary electron emission ccefficient versus

primary beam energy of molybdenite before and
after 500°C baking, and after argon ion etching.
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Sarrple : Copper
Ep:5 keV
C 0 Before Buaking
Ce 1%
c 0 After Baking (500, 2 hours)
dN
dE
Wr3e,
87.4%
0 After Argon Etching (10 min}
10.4%
“Wag6%
0 200 400 600 800 1000
Electron Energy E (eV )
Fig. 13  Auger electron spectra from copper before and after
500°C baking, and after argon ion etching.
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= 20 T , . . T
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s 15r After Eiching ]
j o
=
w10}
& .
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O L] 1 1 L 1
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Primary Beam Energy Ep (eV )
Fig. 14 Secondary electron emission coefficient versus

primary beam energy of copper before and after
500°C baking, and after argon ion etching.
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Somple : TiC
Ep : 5keV
0 Before Boking

a1y '143% ns%

After Boking -1400°C , 16 hours)
73.2% 15.6% 1.3%

c Ti 0 After Argon Etching (40 min)

50.2 %

200 400 600 800 1000
Electron Energy E (eV )

Fig. 15 Auger electron spectira from titanium carbide film

Secondary Emission Coefficient &

Fig.

before and after 400°C baking, and after argon
ion etching.

2.5 T . ' ; '
Sample : TiC

2.0F 7

1.6 N

1.0} 7

After Argon Elchin

0.5 ’ N

0 300 600 800 1200 15|OO

Primary Beam Energy Ep( ev )

16 Secondary electron emission coefficient versus
primary beam energy of titanium carbide film
before and after 400°C baking, and after argon
ion etching.
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Sample : Graphite

Ep:5keV

C Before Baking
1100%

£ c After Baking (400°C, Shours)
100%
\ c After Argon Etching {30min)
100%
0 200 400 600 800 1000

Electron Energy E (eV )

Fig. 17 Auger electron spectra from graphite before and
after 400°C baking, and after argon ion etching.
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Secondary Electron Emission §

L
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Primary Beam Energy Ep(eV)

Fig. 18 Secondary electron emission coefficient versus
primary beam energy of graphite before and after
400°C baking, and after argon iom etching.
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Sample : Copper (15sec)
Ep: 5 kaV

¢ 0 60%
\ Before Baking

Cr32% Cu 36%

c 0 61% After Baking (400T,10h}

g0 . a8 Cu 7.7%

After Efching {10 min )

Cu 100%

1 L
0 200 400 600 800 1060
Electron Energy E (eV)

Fig. 19  Auger electron spectra from chromate-coated copper
film before and after 4C0°C baking, and after
argon ion etching.
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£ 20} / \ :
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g 05
g |
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0 300 600 900 1200 1500

Primary Beam Energy Ep (eV)

Fig. 20 Secondary electron emission coefficient versus
primary beam energy of chromate-coated copper
film before and after 400°C baking, and after
argon ion etching.
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Sample : Copper (15s)
C 0 Ep: SkeV

Cu 4.5°%
Before Baking

C Atter Baking (250°C, 14 hours)

Cu 35%

After Argon Etching (15 min}

C 33.1 n/. ]O-O 0/°

Cud6.9 %

Fig. 21

n
n

w

Secondary Emission Coefficient P

Fig. 22

n
Qo

0

200 400 600 800 1000
Electron Energy E (eV)

Auger electron spectra of chromate-ccoated copper
film before and after 250°C baking, and after
argon ion etching.

¥ i T | T

Before Baking Sample : Copper (15s)

N

After Etching

After Baking
(250°C , 14hours)

! ! ] 1 !
300 600 900 1200 1500
Primary Beom Energy Ep (eV)

Secondary electron emission coefficient versus
primary beam energy of chromate-coated copper
film before and after 250°C beking, and after
argon iomn etching.
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Sample : Copper (15sec)
Ep :p5 keV PP g0
cu 3%
After Baking (250°C, 14 hours)
08% After Etching (40sec)
dN . Cr7% Cul3 %
JE C72%
After Etching {90sec)
Cr 34%
After Etching (15 min)
Cu 57 %
0 200 400 600 800 1000

Electron Energy E {eV )

Fig. 23  Auger electron spectra from chromate-coated copper

film for various argon ion etching times.
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% Etching 15 min
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S 05 -
5
| | L | 1
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Primary Beam EnergyEp(eV )

Fig. 24 Secondary electron emission coefficient versus
primary beam energy of chromate-copated copper
film for various argon ion etching times.
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Sample : Copper {QFHC)
Before  Discharge
0 23% Cu 48%

929%

After CHs Glow Discharge {20 min}

N

E
¢ 100%

After Argon Etching {20 min}
¢ 100%
! i 1 ! ]
0 200 400 . 600 800 10C0

Electron  Energy £ (eV)

Fig. 25 Auger electron spectra from OFHC copper before
and after carbon deposition by methane (CHy)
glow discharge, and after argon ion etching.
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= 20 _ -
=
5 N Before Discharge
=
8 15f { \ .
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e 10 ¢ T ]
|
5 N
S Q5t .
5 After Argon Efching
2 (20min)
O | | ! ! ]
300 600 900 1200 1500
Primary Beam Energy Ep (eV)
Fig. 26 Secondary electron emission coefficient versus

primary beam energy of OFHC copper before and
after carbon deposition by methane (CH,) glow
discharge, and after argon ion etching.
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Sample : Copper (Aquadag!
Ep : 5keV

\. Before Baking

After Baoking (400°C, 22h)

m

After Etching (20 min)

0 200 400 600 800 1000
Electron Energy E (eV )

Fig. 27 Auger electron spectra from Aquadag~coated copper
hefore and after 400°C baking, and after argon
ion etching.
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0.5+ After Etching (20min) 7

Secondary Emission Coefficient 8
o
i

| 1 i | 1
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Primary Beam Energy Ep(eV)

Fig. 28 Secondary electron emission coefficient versus
primary beam energy of Aquadag-coated copper
before and after 400°C baking, and after argon
jon etching.
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