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In practicc, :I;l:) W(])tll'd lc;lud l(‘m varial'i(m in the observed energy of the e
rcsu%l;.wu:j( ):) lc:n ‘:ar; v;«, ( )l: (,l: thcrc'f)urc highly desirable to sl?’n:u:;;f'l;]cauj c)c:;-;mm and erroneous
15 S OVErcome : g s this variable charge
ich ncﬁlralize the positive ch: . ‘y ".m’d'"g the surface of the sample with luv.(/‘-jhdrécl .
e these elec large built up on the surface. This is done by usi R
o O.t (,()Ul':SL:, ,LM' 5 Lcmms.m turn affect the work function of the i .’y using an elecison Good
effect 15 constant and reproducible data are obtainable over an (:mc’:ds‘:jrfdc? :j u;mc extent, but the
ed period of time.

14.2.1.1.6 lon Gun

An ion gun is used in XPS and Auger ins £
face of any gxtcrnal Cf)nta_mination Iayﬁr an(; l(;ljrz)e:];l:&fr l:t/g n;:r?::;c:h : I : t;)f lclea'n the;j sampleb sur-
a d?p[h. profile analysis, discussed under applications. One type.ofion un- :Sezcac hm ao;d eﬁrlto obtain
ignize incrt gas atOmS. The ions are accelerated by a potential placed oﬁ the ic;ﬁizat?on char:rbiinatrfg
are focused to strike the sample surface. The ions remove atoms from the sample surface by colli-
sion. The rate of removal of surface atoms is controlled by the kinetic eneréy of the ions and by the
nature of the surface atoms; sputtering rates may be as high as 10 nm/min. ' y

14.2.1.1.7 UHV System

Since the electrons involved in XPS are of low energy, they must not collide with other atoms
or molecules in the system or they will not be detected. This is best handled by using a very high
vacuum system. Pressures of 10-4~10~9 Pa are typical in surface analysis systems. (1 pascal, Pa, is
equal to 7.50 x 10- torr.) In order to achieve this UHYV, surface analysis instruments are fabricated
of stainless steel. Stainless steel structures can be evacuated to the required low pressure with the
appropriate combination of vacuum pumps. The stainless steel can also be heated (“baked out”) to

remove adsorbed gases. Other required components such as windows and gaskets must be made of
materials that do not outgas and can withstand required elevated temperatures. The vacuum pumps
used in surface analysis instruments to achieve the UHV pressures required include turbomolecular
pumps, and oil diffusion pumps. 0il diffusion pumps must include a liquid

rument. Details of materials used in surface

| vapor from entering the inst
d can be found in the handbook by Ewing listed in the

pumps, ion pumps, cryo
nitrogen trap to prevent oi
analysis systems and the yacuum pumps use

bibliography and references therein. - :
i similar for several techniques, so most sur-

As we will see, surface analysis equipment is very ' ' st st
face analysis instruments are ¢ e surface analysis techniques. A schematic dia-

onfigured for multip :
gram of a commercial instrument showing the placement of the ion gun,
and so on is shown in Figure

14.8.
14,2.1.2 Sample Introduction and Handling for S

energy analyzer, source,

urface Analysis

kept under high vacuum during analysis. In older instruments and some
ts, the main analysis chamber must be brought to atmospheric pressure
ple. The system is vented with nitrogen, the sample inserted, and

in before analysis can begin. This presents

the enti tem pumped down 10 UHV pressures aga .
R i are to be analyzed. Many instruments utilize sample precham-

a problem when numerous samples
b;'r; small-volume compartments that will accommodate a number of samples and can be evacy”
awd’rapidly. The samples are then transferred into the main chamber without causing an excessive

The sample must be
modern lower-cost instrumen
in order to insert or change the sam

_2 em diameter and about 1 cm

rise in pressure.
Sample holders range from those that accom modate samples of 1
in thickness to custom-designed sample chambers that can hold much bigger samples :::j ';1;0?; that
isks are

bers designed for 95 mm diameter computer

are of irregular size and shape. Cham
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ing used to create the sample. If they
o 3 k ’ afC rf[ "‘Ime e, > .
proces’ y solvents, and oxide layers are remoy % OXgasic contaminasts acc wemsoved

I‘hw . . : ed by sputtering the 52 in the instrument.
A’;:;;d chemically active surface must be kept under UHV 1o farr.'mr:;kjd Sontaaaion of
#E\m under vacuum, gas molecules will reabsorb onto 2 clean sample surface. Hercules and
Wuducnbeﬂmatprmrc.sbamn 10-* and 10-% soxx, 2 susface can be covesed by 2 saowo-
Wofadsorbﬂ_i gas molecules in from 1 10 10 b, while at 10-% torr, the same process occurs io a
gow seconds. This rapid recontamination of a cleaned surface makes clear the need for UHV condi-
ions for accurate surfacg apalym.

Some surface anatYSlS instruments are Oql.’nm with apparatus to fracture or cleave a material
within the UHYV chamber to expose a fresh surface for analysis. Metal samples are routinely frac-
mred in UHV to expose grain boundaries. This permits XPS or AES detection of bulk impurities
Mmsegmgmedmgrmn boundaries, for example. Grain boundary chemistry is of great interest
”malmrgiﬂsformanyms..&snmed,cven under UHV conditions, 2 limited time is available
ﬁmminaﬁon-free analysis of freshly exposed surfaces.

14.2.1.3 Analytical Applications of XPS

'sumoﬁheenagyrcgiomohmqgu.
mmwﬂmmpakpom |
for most materials is a few atomic layers. ok _ ‘ Exie

Tables 14.2 and l43pwiqeqmwbdqﬂmdmrﬁceamlymm
be used for many of these applications.

14.2.1.3.1 Qualitative Analysis

MWMM um consists lmaﬁxmmml’“"m
"mdo;‘(?ddl)ﬂ iﬂmmdﬂ”)mﬁx}l Q;emawﬂs‘mwmkwum-
Some small contaminant peaks from

be distinguished mwmwww ies, the Auger lines appear
' om Photocee e ergy. on a plot of binding energies. s
m«ﬁe@l&mﬁi ,.xuymmmmﬂﬁf“_‘ :
mmmwawmmmwﬂm
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