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Thickness Measurement of Overlayer Deposited on Single Crystal
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Abstract—It is not easy to determine the coverage of deposited overlayers on a single crystal. There are several
techniques determining the overlayer thickness. We propose, in this study, a new simple method by using Auger
spectra only without any sophisticated thickness monitor. An example of iron overlayers on copper single crystals

is also showed.
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1. Introduction

Any piece of condensed matter is necessarily
bounded by a surface through which it interacts
with the outside world. It is therefore very impor-
tant for solid-state physicists, chemists, and metal-
lurgists to have a good knowledge of its surface
properties. Although a surface is defined by the
boundary between any two differient states of mat-
ter, most activities in surface science are related
to the studies of clean solid surfaces and surfaces
with a limited amount of additional foreign atoms
which are deposited by evaporation or gas reaction.

For the quantitative analysis of surface chemical
compositions by Auger electron spectroscopy(AES),
it is necesary to determine the coverage of adsorb-
ed overlayers. In order to determine the thickness
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of an adsorbed material, we need to know the in-
elastic mean free path(IMFP) of the electrons. The
IMFP of the electrons in the crystal is strongly
electron energy dependent and to a certain extend
meterial dependent too. Also the IMFP is probab-
ly dependent on the direction of the crystal because
the density of the face and distance between the
layers are different.

A lot of work about IMFP has been done statisti-
cally using many experimental data by Seah[1] and
theoretically by Penn ef al.[2, 3], Ibach[4] and Po-
well[5]. We can use the IMFP values from the
above references.

2. Formulation

The emission current of Auger electrons from
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Fig. 1. A schematic representation of clean sample
showing quantities used in the text.

the crystal is proportional to the number of excit-
ed atoms. If the Auger peak in the N(E) curve is
Gaussian, then the peak to peak height of the dif-
ferentiated Auger spectrum, dN(E)/dE, is also pro-
portional to the emission current.

Since the Auger signals generated below the sur-
face are attenuated exponentially by inealastic scat-
tering as the electrons travel the sample, the re-
lationship between the intensities of the various
Auger electron signals as a function of thickness
is not linear. From the above statements we can
use the relative peak to peak heights to determine
the over layer thickness.

2.1. In case of clean single crystal

For the clean sample the intensity, L,.(t), of the
incident electrons after penetrating a distance of
t as shown in Fig. 1, would be exponentially atten-
uated by the relation[4]:

Iinr(t) = Iinre ~ED (1)

where L, is the intensity of the incident electron
beams, E; is the incident electron energy, and A(E,)
is the IMFP of the incident electron with energy
of E; in the sample. The current, is,, due to the
Auger electrons produced by the incident electrons
in a slab, dt, at depth t can be written as:
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Fig 2. A schematic representation of adsorbed over-
layer sample showing quantities used in the
text.

iAug:Iinr(t) Ps dt (2)

where P, is the Auger transition probability of the
sample material. Assuming the Auger transition oc-
curred isotropically, the CMA detectable outcoming
Auger electron intensity, I;, on the surface is:

Idl =2n iAug e’ 1/As(Eg)cosd (3)

where E; is the Auger electron energy of the sam-
ple material, A(E;) is the IMFP of those Auger elec-
trons, 8 is the CMA acceptable angle and 2n is
the solid angle of the cone. After integrating equa-
tion (3) from the surface (t=0) to the bulk (t=w),
the total Auger current intensity, I, from the sam-
ple will be:

I=2n P, Lm.[w]

A(Ecosb+A(E) @

2.2. In case of deposited overlayers on the single
crystal

In case we have overlayers of the thickness w
on the substrate as shown in Fig 2, the intensity,
I'it), of the incident electrons after penetrating
the overlayers and substrate of depth t will be at-
tenuated by:

I =1, e “™E) g tsED (5)
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Fig 3. A schematic diagram of the Varian system.

where A,(E) is the IMFP of the incident electrons
with energy E; in the overlayer material. After si-
milar integrations, the total detectable Auger cur-
rent intensity, I, produced from the substrate ma-
terial can be expressed:

}\a(Ei) }\VJ(Es)COSB

(2B A eosh
M(Ecosb + A (E)

I=2n P, e (

(6)

To obtain the Auger intensity, 1, due to the over-
layer material only, we need to integrate equation
(3) from surface (t=0) to overlayer width (t=w)
and get the following result:

_ AE) M(E)cosb
b=2n P 5y
(1o [ B 1B o

M(E) A(E,)cosO
Assuming the peak to peak height of the Auger
spectrum in the first derivative mode, dN(E)/dE,
is proportional to the measurable Auger intensity
derived in above equations (6) and (7), we can ex-
press the relation between the relative Auger peak
height and the overlayer thickness as:

L_ P { ME) AME) [A(E)cosd+A(E)] }
[A(E)cosB+A(E)] A(E) ALE)

I. P
1——e’”[ Ao(E,)cos0+2A(E) ]
X{ AAED) A(E,)cosb }
,w[ AAE)cos0 +A,(E,) ]
M(E) A(Eo)cos
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Fig 4. Auger spectra of copper for various iron cove-
rage: (a) clean copper, (b) 0.8 ML iron on cop-
per, and (c) 10 ML iron on copper.

3. Experimental

The experiments were performed in a varian
UHV system (Fig.3) with pressure around 107"
Torr. A near-circular (7mm diameterX 1.5 mm
thick) high purity copper single crystals were used
for the measurments. The crystal direction was
verified by the von Laue X-ray back diffraction te-
chnique. Mechanical polishing followed by chemical
etching produced a clean surface with a bright mir-
ror finish. The sample was then mounted on the
sample holder of the manipulator with a chromel-
alumel thermocouple spot-welded to the side of the
sample. In vacuum, the crystal was cleaned by alte-
rnate cycles of argon ion sputtering and heating
upto 500C until no surface impurities were detect-
ed with Auger spectroscopy (Fig. 4). A final annea-
ling at 500C for 5 minutes produced a clean surface
with a sharp (1X1) LEED pattern.

A normal incident electron gun was used to per-
form Auger analysis in this work. The sample was
positioned at the focal point of the CMA to maxi-
mize the elastic peak. This is achieved by transla-
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Fig 5. Variation of the Auger intensities (Cu 920 eV
and Fe 651eV) versus deposition time.

ting the sample along the axis of the CMA and
by adjusting the focus, x-y deflection, and extract-
or knobs in Auger gun control module until we
get the maximum elastic peak. The beam voltage
used was usually 3keV. Peak to peak voltage of
2 volts was usually used. Scanning width from 30
eV to 1000 eV with 5 minutes sweeping time was
used. In the lock-in amplifier 1 mV/sec sensitivity
was used. Since the Auger peaks are weak but sha-
rper than the slowly varying background, the Auger
spectrum was obtained in the first derivative mode,
dN/dE, to enhance the signal. The pure iron source
was evaporated from a tantalum Knudsen cell with
an alumina boat and deposited in increasing amou-
nts on the copper single crystal surface, while the
growth of the 651 eV iron Auger peak and the di-
minution of the 920 eV copper Auger peak were
monitored by depostion time to determine the co-
verage. During the measurements, the iron deposi-
tion source was left on to maintain a constant de-
position rate. The sample was rotated to face the
evaporator and the CMA alternately. The iron
source was interrupted by a shutter when the Auger
measurements were made. The formula (8) was
used to determine the coverage.

4. Results

The variation in intensity of the 651 eV iron Au-
ger peak and the 920 eV copper Auger peak with

FFAFRA, A1 A 15, 192

3] - o @

10 ¢

8f Cu (111)

//’
d

u;

() -
~ & / /
kY .
[ ;
~ ; // Au (100)
= 4 // //
L s -
51: r Ay
: ~
2 3 ////
P
==
N . L
"0 2 4 5 8 10 12
MINOLAYERS

Fig 6. Coverage determination using the equation (8)
in text. Ratio change (Fe 651¢eV/Cu 920 eV)
versus monolayers.

deposition time is plotted in Fig. 5. Initially the in-
tensity of the iron Auger peak increases rapidly
with iron coverage; at higher coverage, the rate
of increase is diminished. The rate of decrease of
the copper Auger peak follows a similar trend.

For a layer-by-layer (Frank-van der Merwe
mode)[6] growth, in a continuum approximation,
the intensity of the copper substrate peak, Icy,
would decrease according to the equation

l
Ley=Y5 exp(— d—) 9

where IM“=intensity of a clean copper peak, d,=
mean free path of copper Auger electrons at 920 eV
in the iron film, and /=pathlength traversed by
the detected electrons. [ is related to the thickness
of the iron overlayer, dy, by I cosO=ds, where 0
is the CMA acceptance angle (42.3°) relative to the
surface normal. In Fig 5, we have also plotted the
theoretical curve for the decrease in the intensity
of the substrate Auger peak with deposition time.
Here we took dr.=kt, where t=deposition time and
k=proportionality constant. k was determined by
plotting In (IC,,V/Iﬁ“,”) versus deposition time. The
agreement between the theoretical and experiment-
al curves suggests that iron grows approximately
layer-by-layer on copper single crystal.

The iron coverage in this study was estimated
by the attenuation of the 920 eV copper Auger peak
with iron deposition according to equation (8) by
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replacing the (P./P,) term by relative sensitivity
factors[7] combined with back scattering factors[8-
101, 8 by 42.3°[11], and substituting the proper
values for IMFP terms[1-3]. We can solve the
above equation numerically for the overlayer thick-
ness, w, in Angstroms. It is noted that the coverage
determination in a monolayer unit depends on the
crystal face due to the different distance between
layers. The layer distance of the copper (100) di-
rection is 1.805A while it is 2.086A for the Cu(111)
face. The calculated values of the iron coverage
on the Copper (100) and Copper (111) single crys-
tals are plotted in Fig. 6 as a function of the relative
Auger peaks ratio (Fe 651eV/Cu 920eV) versus
monolayers.

5. Conclusion

The Fig.6 which is based on the equation (8)
can be used to determine the overlayer thickness
by simply measuring the peak to peak heights of
the Auger spectra from the deposited material and
substrate one. Even though the above method is
not the best one, it is an appropriate way to get
the overlayer thickness with ease when we do not
have a sophisticated thickness monitor or it does
not work properly even we have one. It should be
noted that IMFP is the most weight factor in calcu-
lating the equation (8) numerically. Also back scat-
tering effect and relative sensitivity factor are im-
portant. Those factors are all dependent on electron
energy, material and face direction.
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