(1 ppm)

(depth profile resolution < 1 nm)

(lateral resolution < 1 um)

SNMS
( SIMS
S\MS) @
(secondary neutrd mass gpectrometer, SNMS)
SIMS
(secondary ion
mass spectrometer, SIMS) @
(SNMYS)
@ 1) (post-
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(without matrix effect)

(SIMS)
ionization)
gas) (electron beam)
gas SNMYS)

e-gas SNMS
e-gas SNMS
(r.f.-plasma)

(ion optical system)
( 2 e-gas SNMS
1.

e-gas SNMS SNMS

(electron
(laser beam)
(e-



Ar (4)
(electron cyclotron wave resonance, ESWR)
Ar Ar
(r.f.-plasma)

(quadrupole mass spectrometer)

(post-ionization probability) oy 10”

SNMS
1
SNMS
(laser-ionization)
e-gas ©9
2.
1)
( Ar
)
(ion
optical system)
( ) Ar’
SNMS
Ar
100 eV
(~1nm) e-gas SNMS (direct
bombardment mode, DBM) 10"
cm’™ 1 2mA
cm”
(sputtering
yield) DBM

(a) SIMS Primary lon Beam

(lonization

probability

107-10%)

TP Q-/MS-/TOF-
lons

Ejection: atom, ion, Mass Analyzer
molecule, g, ,,

(b) SNMS Primary lon Beam
Neutral Mass Analyzer
atoms |-
—= Q-/MS-/TOF -
molecules::::::”

Ejection: atom, ion, Post-ionization

molecule, €, ,,

1.(a) SIMS  (b) SNMS

Quadrupole
Mass Spectrometer

2.e-gas SNMS
)
SNMS (high frequency mode, HFM)
0 DBM
Us
Ue ( 3)
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1 SNMS

Post-ionization SNM S
|onization probability

e-gas 10°
e-beam 10"
Laser 10° 10"
* Table by IFOS
Y
Ue
U =

@

HFM
ol e = _f::o....Hé,..
1 :
500 A :
[ [ %
- 500 um ‘- —
1 4
[&\ SN T N Y A
(b) Silicate glass
3.(a) SNMS AT(x)
At, (b)
SNMS
3(b) 480 eV Ar’
(silicate galss)
(grainy
structure)
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4. CdTe
830 x 830 um’

3

(separate bombardment mode, SBM)
(5) (
2)

Ga (liquid

metal ion source) 20keV Ga’

1 um

(double focusing mass spectrometer)
(transmission) 4

Au
CdTe Ga' 20.5
keV 2nA 830 x 830 um’
256 x 256 (pixel)
10° 2500

3.

time of
flight 2



2.

Mass Spectrometers | Transmission | Mass Resolution
Quadruple (Q-) 10° 10° 10°
Double focusing
magnetic Sector 10" 10"
(MS)
Time of Flight 4
S g <1 10
* Table by IFOS
3.
Sputtering yields
target | *atoms/ primary ion **jons/ primary ion
Mg 33 1x10*
Al 19 7x10°
S 0.7 84x10°
Ti 11 1 x10°
v 0.9 1x10°
Cr 17 12x10°
Fe 15 15x10°
Ni 21 6x 10"

* “ Sputtering Yield Measurements’, Anderssen, H, (1981).
** Surface Sci. 53, Benningghoven, A. (1975) 596-625.

TOF
1 ppb
e-gas SNMS
1 ppm
e-gas SNMS
SIMS
(ppm) (ppb)
10nm (SNMS  1nm
) SIMS
matrix effect “*? SIMS

4, SNMS
e-beam e-gas Laser
Quantifiability + + -
Detection power - 1 1
Depth resolution - 1 -
Lateral resolution A —/+ 4
Insulating samples - + -
Instrumentation . . B
and handling
* Table by IFOS
SIMS MCs  ©
matrix effect
SNMS
matrix effect 9
( SIMS )©
100
10000 ( 3) SNMS
SIMS
SIMS
SNMS
SNMS
SIMS
electron-gas @9 electron-beam @
laser beam © SNMS
4
electron-gas
SNMS
SIMS matrix effect
SNMS 9 5 SIMS
InP @ oxygen matrix effect
In' SIMS
1.
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..... : - — T
W0°F v
i £
c - Z ~.
> / :
.% 106 L . /,-\ .
g L L ) 5
. . = N
10°F o P o 0—m 0002 'i
1078 10~ 107 10°° 10
Po, (torr)
5.SIMS InP
SNMS  SIMS
lppb 1ppb SIMS
matrix effect
MCs’
matrix effect
@ SNMS
5. RSF (relative sensitivity factor)
Element Concentration DC,/Dy
S 25x10° 0.38
Cr 73x10° 0.53
Mn 6.1x10° 0.45
Ni 59x10° 091
Cu 0.99993 1
Zn 1.2x10° 0.82
As 14x10° 0.45
Se 51x10° 0.74
Ag 7.2x10° 0.61
Sn 8.0x 10" 0.22
Sh 42x10° 0.28
Pb 9.8x 10" 0.61
Bi 1.5x 10" 0.29
* Ref. (10)
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840 eV Ar” — Cu
10° g Freeey 13 A [T T
mai_ Cu
7
§ 10 3 “
I
i { TR
4 f | i

: i It
60 65 70 75 B0 85 90 95 100

intensity [counts/s)

(a) mass [amu]

840 eV Ar' _ Cu

intensity (counts/s)

10™° 10°® 107 10° 10° 10 10 1072 107! 10°

(b) concentration
6.(a) SNMS Cu (NBS 495)
(b) SNMS Cu (NBS 495)

post-ionization

matrix
effect high frequency mode
@ SNMS
6 Cu (NBS 495) SNMS
¢ 6(a) 10° 10
SNMS 1 ppb 6(b)
SNMS



relative sensitivity factor D.,/Dy D. /Dy =

Culcuf Ceulx c I
5 6 RSF
(relative sengitivity factor) RSF~ SNMS
6 Pb 10°
“Pb P “Pb Pb  15%
“*'Pp 15 ppb
2.
SNM
SNMS high frequency mode
7 7 (©)]
35nm W/S
240nm 69 W/S
600 SIMS
SNMS
CMOS gate
oxide 3 4nmm (8)
SIMS MCs’
XPS SIMS
matrix effect
3.
SNMS 1
um (10 SNMS  SIMS
SIMS matrix effect
SNMS
(11) SIMS MCs

stylus profilometer scans

e-gas SNMS

69 douT)Ie Iayerl ' l
2r
3.5nm

= Si
a) '}
5 e AR ” j i i
s Lf | | I
=] | b i il
3
3 prAARARA

1t ! W

0 [ 1 1 . 1

0 200 400 600
7.SNMS  240nm 69 W/S
600
e-gas SNMS
egas SNMS INA-X ( 8)

X-ray photoelectron
spectroscopy (XPS)
(depth
profile resolution) XPS
(in situ)

1. H. Oechsner , Thin Film and Depth Profile Analysis, chapter 4
(1984).

2. A. Wucher, Surface and Thin Film Analysis in Glass Coating -
Surface and Thin Film Analysis with Electron and Mass
Spectrometric Techniques, http://www.ilp.physik.uni-
essen.de/wucher/tatf98/tatf98.html

3. A. Benninghoven, F. G. R denauer, and H. W. Werner,
Secondary lon Mass Spectrometry (1987).
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7. H. Oechsner, Thin Solid Films, 341, 105 (1999).
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8.
INA-X X-ray source
electron energy analyzer
XPS
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