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Secondary Electron Emission Coefficient Measurement

Technique with Scanning Auger Microprobe
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The behavior of secondary electron emission on various surfaces has been studied in detail using a conven-
tional scanning Auger microscope (SAM). In order to understand the possible effect of surface composition on
secondary emission, we have examined both the surface composition and the behavior of secondary emission
coefficient ¢ using a SAM and a specially designed sample holder with a Faraday-cup attachment. It is shown
that secondary electron emission coefficient o, defined as the number of secondary electrons divided by number
of primary electrons, is significantly dependent upon the surface composition. The special design of the sample
holder allows us to apply positive voltages to the surrounding sample, keeping it insulated from the sample. The
primary electric current was 25pA. This bias application and the very weak primary electric current value might
suppress the secondary electrons to return to the surface, which is often experienced in non-conductive materi-
als.

We have measured ¢ of various samples as a function of the primary electron energy. The observed values, the
maximum secondary emission coefficients dnand the primary electron energies £ for maximum emission, have
been compared with the reference data, and it was found a fairly good agreement.
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Fig.1 Typical secondary electron emission coefficient as a function
of the primary electron energy.
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Fig.2 Schematic diagram of secondary electron emission coefficient
measurement.
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Fig.3 Secondary electron emission coefficients of the Al-oxide as
a function of the primary electron energy, measured with and
without application of bias voltage to the sample.
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Fig.4 Secondary electron emission coefficients of the Al-oxide as a
function of the bias voltage, measured with different primary
electron energies of 300eV and 3000eV.

Secondary Electron Emission Coefficient ¢

—e—DBias on

——Bias off

1000 2000
Primary Energy £p [eV]

a) Mg oxid

Secondary Electron Emission Coefficient ¢

/

Secondary Electron Emission Coefficient ¢

/

Secondary Electron Emission Coefficient ¢

—e—Bias on
—1—Bias off

0 1000 2000 3000

Primary Energy £p [eV]
b)Al

—e—RBias on
—O—Bias off

1

0 1000 2000 3000

Primary Energy £p [eV]

c) Mg

5

—e—Bias on
——Bias off

0 1000 2000 3000

Primary Energy £Ep [eV]

d) Au

3000 Fig.5 Secondary electron emission coefficients of various samples
(Mg oxide, Al, Mg and Au) as a function of the primary electron
energy, measured with and without application of bias voltage to

the sample.

_73_



Journal of Surface Analysis Vol.11 No. 2 (2004) pp. 71-76

Tk FER AES

Rk, A TABEZEMLI-GE (@) &L
eWigE (O) 128 Té,V7Z/ﬁA&m% 7
VI = A, Vﬁ'?vﬁAio‘J:U\‘/f@‘k%%ﬁ&
HERE 0 O —REF = 2L X —IRFHEIC OV THE
ELTRERA Fig. 5 IIRT. A 7 AHMEBEEIX
WL 100V THS.

PLE®D 5EHZDWT, MEhc—RE TV

—, TEENZ N T AEMBIR O 0Z% 71 v b
L7ofER% Fig. 6 (7. &R0 3REHIH, B
kD 2 3 BHE, SA T AEIMIZ L > TNk
<EfBLT=.

CDEN1 2Bz 5 L&, ZIRETFHRHIC
n, REOEXF®ER CITEFLRE L T—KMIZ
BN D. %y7w#§%@®%9,77?/
R 6NV 7 o fn o CTHREFIZER N DD N,
AL O L 5 ITHEEEREWGSE, 77 Ty K
LY LY bEL, BEERICHRESNZ ZRET
DEUOREBRRISIERERINFEEFTMNEZ 5 &
FTRIND. TORER, R EITERME .20
2L 220, (2) Xpb o8 11izir3<.

“RE FHREIC Lo TEBIS O REEN V, D
A, =LAV =1-RH 5,

=1L+ pl/ s (3)
T, pldEEERE, [ITEREKOES (22
TIEHBLEER), s iF—KREROBRFEHETHH.

L LT, Al BEIZTAL0s 23 10nm fE7E LT W A5
BHZHOWT, REEM Vs RELS. “RETF
R 0o =3 D& X, . =50pA, Al:0:D o=

10 Qem, /=10nm, s=2 X 10%m* LV, V=
2.5V LD, ’@ﬁﬁﬂ%?xmmﬁﬁib%
T+ /NE N, NA T AR KD ZIREF

ﬂ%ﬁb%%#ﬁﬂk&%i%ﬂé.

3-2 REMBROEE

Fig. 71%, BABMEZE T L2~/ 2 U LaxR
BrE L, ZWREFHRERE O—RET =V
XF—IKGEHELRE LR THD. Fig. 81T T
AES 7727 a7 A NVOBEIERT (O) &BIER
(0) %=mx7.

TTATa T 7 A IVDFERNG, %ﬁ’iﬁ+
nm (Si0: 12 X 2 HEME) DOELIEDIFIE N TR S
7-. *ODE&{I:H%#%EJ%E\ Q) &, AN H|Z ct
WRELEZES (O) T, JOENREIELE.

PYTLER & e KBTI R B E

2.0
A --Al oxide
——\lg oxide
— % —Al
. L5} oy
—8—Au
<
L1or
< K R ]
0.5 R R —
Y
e e g
0.0 L L
0 1000 2000 3000
Primary Energy £p [eV]
Fig6 J,... .. — 0 ... ofvarious samples as a function of

the primary electron energy.

3.5

—O—bhefore sputtering (Mg oxide)
3.0 F —1—after sputtering(Mg)

2.5

2.0

1.5

1.0

0.5 F

Secondary Electron Emission Coefficient &

0.0

0 1000 2000
Primary Energy £p [eV]

3000

Fig.7 Secondary electron emission coefficients of Mg as a function
of the primary electron energy, measured before and after sputtering.
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Fig.8 AES depth profile of Mg.
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Fig.9 Secondary electron emission coefficients of Au as a function
of the primary electron energy, measured before and after sputtering.
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Fig.10 AES spectrum of Au.
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Fig.11 Secondary electron emission coefficients of Au as a
function of the incident angle, measured with different primary
electron energies of 700eV and 3000eV.
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Fig.12 Secondary electron emission coefficients of various
materials as a function of the primary electron energy.

Tablel Jwand A of Various Materials

Materials reference data experimental data
O 2 On 2
Al 1.0 300 1.0 300
Mg 1.0 300 1.0 300
Ag 1.5 800 1.7 700
Au 1.5 800 1.8 800
C 1.0 300 1.2 300
MgO 4.0 400 3.5 300
Al203 3.5 — 3.3 300
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