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AES - basics
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AES - basics
Auger process  (P. Auger, 1923)
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AES - basics

Nomenclature: Two-hole final state:
no Auger peaks from

1s K H, He.
2s L,

2P4/o L, Insulating samples:
2P3)5 L, charging problems.
3s M, or V if

3P+/o M, valence

3pPs/o M, band

3d3) M,

3ds), Ms v

etc.




AES - surface sensitivity
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Inelastic electron mean free path | for elements

(»universal curve®).

Surface sensitivity:
* limited penetration depth of e,

full curve:
|, =A/E? +B, E1/2

elements:
A, =143, B, =0.054

inorg. compounds:
A, =641, B, =0.096

org. compounds:
A,= 31, B,=0.087

[M.P. Seah, W.A. Dench
Surf. Interf. Anal. 1, 1 (1979).]

* limited escape depth of e\, only ~0.5 nm at 100 eV (~2-3 ML)
 even higher surface sensitivity for grazing incidence / escape



AES — electron energy analysis
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AES - electron energy analysis
Example: CMA
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AES — modulation method

Electron distribution
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AES — modulation method

modulation
N

Input signal

=>

at signal maximum:
no signal at f
but signal at 2 f, !

mod

2 fog-signal is
proportional to
curvature = 2" derivative !

1 dF(x)ydx

Zero crossing
at peak maximum

> | amplitude of
ac-signal
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1st derivative

b of F(x)

Lock-in
output
(derivative)

Phase changes
by 180° when
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Phase-sensitive
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Lock-In amplifier




AES - Lock-In technique
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AES — Lock-In technique

s(t)+n(t)

phase|r(t+o)
shifter, vt

© @

r(t
—

e

This example:
S/N~1

Possible:
up to
S/N~1/1000

low-pass
filter (1)

output

@

@
®

®

correct dc-signal
phase added

reference
r(t)
reference
shaped
phase shift
adjustment % *
| _ \;’/’\
'SRT . | ) f‘\ 'S A
¢ {TUYE ' p
Lock-In smoothing (t) smoothing

output

phase
90° wrong

*

M, PN N L
W AR

P

smoothing (1)




AES — Lock-In technique

Lock-In:
Amplification of
odd harmonics

Suppression
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by band-pass
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AES - signal smoothing
Low-pass filter
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« cannot follow changes faster than 1/t



AES - signal smearing
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modulation E
scan speed dE/dt=E
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TR ST (RN SO NNUOR WU S BTN N S AN N B
ELECTRON ENERGY , 200eV/DIVISION
S/N ratio ~ t For low enough mod.-amp.: Energy:

For too high t:

smearing of structures

output ~ mod.-amp.
Then: smearing of structures

Position of (neg.) minimum in 1st
derivative spectrum (easy to determine)

Find best compromise:

peak width : mod.-amp.
S/N .t vs. dE/dt

Intensity:

Often peak-to-peak intensity

Better minimum-to-zero-line intensity
(less dependent on loss structure)



AES —

Al
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AES — quantitative aspects £ 3key
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Relative sensitivity factors; attention: valid for certain experimental setup [Davis]

Two components: X; molar fractions
J; measured intensities
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AES — quantitative aspects
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,»Auger-clean*

Spectrum appears free of C-peak.
Actually: noise » 3% of O-peak intensity
® JC £ 30/0 Of JO or ~60/0 Of (JO+JFe)

meas. bulk derived
CoOmpos.
‘JFe/‘JO XFe/XO SFe/SO
0.30 1 0.3
,{00 high* O-signal
explanation:
O-terminated
0.28 0.75 0.37
0.25 0.67 0.37
Handbook:
0.4

Measure with high S/N,
(slow speed)




AES — quantitative aspects
Continuous layer

_ hV, e e
example: oxygen
Same signal for CMA:
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(extinction law)



AES — quantitative aspects
Discrete layer model
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AES — quantitative aspects
Discrete layer model
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AES — Peak shapes ] (TR :

Especially if the (wide)
valence band is involved,
peaks are wide and
contain valence band
structure.

~11

Yacuum

cEsity
of gtates

4

Primary

Example Si,,,, peak:

self-folding of V-band,
chemical (and relaxation?)
shifts.

fe) (b) Single crystal
r- graphite
N'{E) Ni (1000 neggy
32mbar CO
TO0K
1000s
100 200 300 400 100 200 300 400
Energy eV Energy eV
© | @
,w Nickel carbide
Y| P
N’ (E) \N IO e
32mbar [0
600K
ﬁ 1000s
700 250 300 ds0 200 250 300 380
Energy eV Energy eV

[Ertl, KUppers, fig. 2.13]
[Ertl, KUppers, fig. 2.31]
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AES — Peak shapes electron stimulated oxidation of GaAs

LN(E) Guﬂ Ga As Ga n02 Ga .5 As D GaAs(111), GaAs
dE — ; cleqn  Clean
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A/\/— increasing
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o |
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5 100 480 520 100 1200 1300
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As-peak  Of Ga-peak As-peaks
very surface sens. less surface sens.

As depletion at surface [Ranke, Jacobi, Surf. Sci. 47 (1975) 525]



AES — electron beam influence Example:
GaAs(111)-Ga

) - limg AES during oxygen admission
20 > ip=35-10°A ¢ causes strongly enhanced adsorption
pp,=10 torr on the spot irradiated by electrons:
t =182 min
electron-stimulated oxidation.
0(510) In the center of the beam,
As is depleted and Ga enriched:
As,O; desorbs (high vapor pressure)
Ga,0; remains.
e Probable reason:
e—induced dissociation of
Jg molecularly adsorbed O.,.

o oo Ga(1070)

Jae AS

(1228)

ximm —ae

45 0 05 0 05 10 15
position on the sample

[Ranke, Jacobi, Surf. Sci. 47 (1975) 525]



AES — electron beam influence

Adsorbates may be
decomposed and
(partially) desorb

Affects quantitative analysis.

Substrate usually unaffected.

Responsible:
All e~ with sufficient energy,
i.e. mainly secondaries.

AES: primary e cause many secondaries
strongly ,destructive”.

XPS, UPS: primary radiation causes less secondaries
less destructive.
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AES — Conclusions

* UHV-method

 elemental analysis

e comparatively simple

 independent of excitation energy

« difficult for insulating materials

« surface sensitive (0.4 — 2 nm)

* qualitative analysis simple
 quantitative analysis possible

* destructive (for molecular adsorbates)
» chemical information
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