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ABSTRACT _

The we1gh1ng procedure of .an ultrah1gh vacuum microbalance, which was
descrlbed prev1ously, has been mod1f1ed. Examples for various appllcatlon of
the balance w1ll be given. - In_parcicular recent use of the microbalance for
the-deflnition of'areal'densirles'of_thin films and self-suppcrting'foils,
"nroduced as reference materlals fer.hlgh-precision.measurements will be

" discussed.

INTRODUCTION

W1th1n the framework of our programme to produce thin boron layers for
neutron cross sect1on measurements, a vacuum microbalance has been developed
to determine’ the mass deposlted on a quartz disk with high accuracy (ref. 1).
An 1mproved deszgn of the f1rst model led to an ultrahigh vacuum compatxble
concept (ref. 2, 3) : Although the balance has been des1gned primarily for the
preparation of various standard layers by vacuum evaporation- (ref. 4 5), it
has also found some dlfferent.and_even non=-vacuum applications. The balance
:_Hassbeen emplcyed_for pressure measuremencsuas'a Knudsen type manometer in the
10

_the balance could be used to. assay prec1sely the’ comp051t10n of binary gas

to 10~3 mbar regicn'(ref. 6). By‘measuring'changes in buoyancy forces

mixtures. (ref. 7). At atmospherlc pressures hzghly accurate measurements’ of
- drop welghts of radloactlve solutlons ‘could: be: pexformed (ref. 8).

T In the followxngirecen;_applmcatzpns_of-the microbalance to the ‘characteri-
: aatidn of tﬁin enaporated refereace layers'will:be'discussed.. The'nerformance.
of the balance will be compared w1th that of other sensxtxve methods and 1n

lpart1cu1ar Vlth the quartz crystal th1n f11m moni tor.
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EVAPORATION SYSTEM AND GENERAL FEATURES OF THE MICROBALANCE .
The uhv evaporation system used for most of the experiments is an 511 me;al
system bakeable to 400°C and pumped by two ioﬁ getter pumbs to a'baée'ptessure"
of about IO—I.0 mbar. All metal evaporations are performed by electron bombard-.

ment from a three crucible source. A resistance heated boat Sepves for the
evaporztion of sodium chloride. A schematic diagram of the microbalancg'is.'

given in Fig. 1.

Fig. 1. Schematic diagram of UHV microbalance; 1 balance beam, 2 balance coil,
3 pot magnet, &4 detection mirror, 5 reference mirror, 6 suspension wires,

7 autocollimator, 8 photodiodes, 9 control unit, 10 calibration weight,

11 reference weight, 12 sample pan.

Essentially it is a torsion balance with a beam (1) made of fused silica rod
and suspended by two tungsten wires (6) each 40 mm long and 0.1 mm in diameter.
At one end of the beam the sample to be measured (12) is suspended. It can
be replaced by a reference weight (11). The sample and the reference weight
have nearly the same mass, so that at every stage of its operation éhg balance
is under full load. The mass of the deposi;'is determined as a'fupction of
the caiibration weight (10), which can be placed together with the sample (12)
or with the reference weight (11) on the balance. - S o
The main characteristics of the microbalance are: _ : _
= 1its useful load of 2.5 g with a .total weighing range of 20 mg. ‘For spécial
applications (ref. 7) the load could be increased to 10 g.' _
= a reproducibility of < 0.3 ug (sténdard deviation)j for1tﬁe-10'ggéef§ioﬁ '

the reproducibility was 1 #g'in vacuum_énd 2 ng at_atmosphefig_ptegsuxe._' _1 _.
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- ébmﬁatibility with bakeable uhv pyﬁtems._' .
- mass'detérminations'by applying the_principle of éubstitu:ion weighing; this

eliminates drifts of zero and electrical semsitivity.

ABSOLUTE MASS DETERMINATION o
. The weighing prbcedqre has been simplified by introducing the calibration
"weight. Fig. 2 shows some details of the load side of the balance beam (B).

Fig. 2. Quartz carrier with calibration weight.

The pivot point.is formed by a triaﬁgle (T) with tungsten torgion wires of

0.05 mm diameter. The triangle is fixed to the balance beam by a small screw.

The quartz carfie: (Q) can be loaded by stainless steel forks (not.shpwn) either

with the Qample pan (S) or the.feference weight (R). In addition the calibra-
" tion weight (C) can be'ﬁ;aced on theLcaffiér. )

" Let c, r{Anﬂ 8 be_ﬁhetmhgé_gf the_calib:ation:weight, the reference weight

_ éﬁd the Sample;feapeétiﬁéiy.and C, R and_S the correaponding'balancé_réadings;;
- _Theﬁi;he.foiiqwing ;glation hblds; . - - .
s =R o '
‘g - K = — . -« C . : o L (1)
" (R#C) =R - R ) ’ o
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Let (1) describe a weighing before an evaporation. If we denote by a dash the
changed quantities after deposition of a layer, we get: '
sl _Rl

-r= . c . (la)
(R'+C') ~ R'

The mass m of the deposit can be calculated from

S' - R! S ~-R
m=s'-g§g= - . C . (2)
(R*+C') - R’ (R+C) =R

In general ten independent readings are taken for each measuremenf and evaluated
statistically.

It is evident that the accuracy of the weighing depends directly on the accu—
racy with which the mass of the calibration weight has been determined and on
the stezbility of this mass. Table 1 lists the mass determinations of a calibra-
tion weight used over a period of more than 10 years. The mean of all measure-—

ments is ¢ = 9423.6 ug + 1.5 ug (n = 13).

TABLE 1
Mass determination of calibration weight
Date of Date of

measurement c [uel measurement c [ugl
09.07.1970 9423.5 01.10.1971 9423, 6
26,10,1970 9424.8 26,10.1971 9421.6
16.12.1970 9424.8 18.11.1971 9421.4
23.03.1971 9424.5 05.04.1972 9422.5
18.05.1971 9424.5 12.01.1978 9424.8
11.08.1971 9421.8 01.08.1980 9426.2
09.09.1971 9422.6

One of the most important advantages of the microbalance in comparison with
other measuring techniques is the direct traceability of the measurements to a
primary mass standard. By applying the substitution principle and carefully

weighing the calibration weight c, absolute mass determinations can be performed.

COMPARISON OF THE MICROBALANCE WITH A QUARTZ CRYSTAL THIN FILM MONITOR

Taking all possible uncertainties into account, areal densiﬁies can be deter—
mined with an uncertainty of less than 0.1 png cm-2 when using a microbalance.
With quartz crystal monitors, which were first introduced Ey Sauerbrey (ref.- 9),
the resolution is 0.02 ug cm-'2 or better. A direct comparison between microf
balance and quartz monitor has been obtained by suspending a quarfz and its

oscillator from a vacuum balance (ref. 10). With caréful'shielding good
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cation of the microbalance and the quartz monitor. - However, the temperature
dépendeﬁce of.the-f;équeﬁcy of the quartz resonator is a. sericusly limiting
factor (for'discussion See e.g. Maissel and Glang (ref. 11)). Recently Ramadan
et al.'(tef. 12) have shown thaf‘in addition to proper shielding, a'cafefully_
matched'pai; of quéitz crystals, with re;pect-to.their temperature depehdence,
has to be chosen in order to obtain the highest accuracy and resolution in the
mass determination.- '

For the preparation of reference layers a commercial, water-cooled quértz
crystal monitor  served as a rate meter. Rate deposition measurements cannot
be performed easily using the microbalance and the combination of the two de-
vices is very effective for the production of accurately defined deposits of a
definite tﬁickness . _ _

For most evaporations an aluminium disk of 50 mm diameter served as the sub—
strate. To ensure good uniformity in the evaporated layers and to maintain low
substrate temperatures a large source to substrate distance c¢f 590 mm was chosen.

At the.end of an evaﬁoration cycle the quartz readings for total layer thick-
ness were compared with the balance measurements. A typical set of results is

shown in Table 2.

TABLE 2
Comparison of layer thickness measurements
MBal MQu ™
. -2 _a
Material [Bg cm ‘] [#g cm 7] [l
Au ' - 81.5 81.1 - 0.48
Au 83.5 83.4 - 0.14
Au 49.0 48.9 - 0.28
Au 48.0 . 48.1 + 0.12
Al 32.4 32.0 - 1,20
Al - 27.4 27.3 - 0.40
Al 54.1 54.1 . (4]
Al _ 26.6 27.0 + 1.50
Ni- : 27.8 ' 27.1 ~ 2.55
Ni 26,9 27.1 + 0.74
Cr 72.8 72.7 - 0.14
Cr - 717 - 73.1 + 1.93

From table 2 it can be seen that in general the differences between the two

systems are below.2,?, in the case of gold they are smaller than 0.5 Z.

*Fa Infiédn/Leybold-Hgtaeﬁs.
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It is believed that the occasional differences between balance and quartz-
monitor are due to the erratic temperature dependence of the resomant frequency
as observed by Ramadan et al. (ref. 12).

ASSAY OF REFERENCE LAYERS USING A MICROBALANCE _

There is an increasing demand for accurately defined thin layers and foils
for the calibration of instruments used for the analyses of surfaceé and near
surface regions . The uhv microbalance has proven to be an excrémely usefﬁl-

tool for the characterization of such layers and foils.

Layers for RBS analysis

In the past decade, nuclear backscattering of MeV energetic light ions from
surfaces (Rutherford backscattering; RBS) has been developed into a technique
for rapid, non—destructive and guantitative surface analysis. In essence the

RBS technique is straightforward. Fig. 3 illustrates the experimental procedure.

AMPLIFIER PREAMPLIFIER

—DETECTOR
MULTICHANNEL

ANALYSER SHUTTER CONTAINING a SOURCES

ELECTRON SUPPRESSOR

TARGET

VAN DE GRAAFF BEAM TUBE 11

—— e——— m———

/

BEAM CURRENT
INTEGRATOR

BEAM

VACUUM CHAMBER

LIQUID NITROGEN CRYOSHIELD

Fig. 3. Schematic diagram of the backscattering arrangement

Samples are mounted in a vacuum chamber which is connected to the beam tube of
a Van de Graaff accelerator. Vacuum tequiremehts are not stringent with 10‘5_—.
10-6 mbar normally found to be adequate. The accelerator provides a mnubeﬁérge—
tic beam of ions which impinge on the sample. The energetic particles_backé
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escattered through a flxed laboratory angle are detected by a. surface barrier
'decector. ‘The energy of Che scattered prOJect11e, E, is always-less than the
_-1ncomnng energy E and is glven by E = KEO, where K is the klnematlc factor of
the collision. Thls_can be calculated from the classical conservation laws of
energy and moﬁentum 'It'can be shown that K is a functidn-only of the mass of

- the prOJec:11e M » the mass of the target atom MT and the scattered angle of the
proJectJ.le 0 . For the extreme case of the pro;ect:.le being scattered through

1_80 > K_reduces tos

K = —ul——MP- - : - : (3
Mp ¥, |

This illustrates the fact that RBS is able to discriminate between the dif-
ferent elements making up a target. _

A typicsl backscattering spectrum is shown in Fig. 4. The target material
was silicon implanted with bismuth, with a thin layers of copper (7.87 ug cm-z)
evaporated on the silicon surface. The sample was bombarded with helium ions
at an energy of 2 MeV. Fig. 4 shows sharp and well separated peaks due to the

Cu and Bi. From the peak areas A a.nd Agss the scattering cross sections %cu
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and oBi and the known areal density of the copper deposit W, the areal density

- .
of the bismuth implant o, (atoms cm ~) can be calculated:

Api ¢
My T o - W, | S
Cu Bi

The accuracy of the determination of Mg depends directly on the accuracy with
which the areal density of the copper layer has been determined. _

By making very careful evaporations and weighings of the Cu layer it has been
possible to determine the absolute quantity of the bismuth'implant to 4.94'10lS
atoms cnrz with an uncertainty smaller than.2 Z (Ref. 13). This type of ion
implanted sample may then be used as a robust reference material of accurately
known dose for RBS applications.

Another example, for a composite reference layer, is the following. Some
techniques for surface analysis make use of ion bombardment to sputter etch
surface layers in order to have access to near-surface regions. For accurate
depth profiling proper adjustment of the sputtering parameters is important.
This can be achieved by using well defined multi-layers. Such layers have been
prepared and weighed in situ. Two examples of multi-layers one on a silicon and

the other on a vitreous carbon backing are given schematically in Fig. 5.

Au 480 pg/cm? Au 49.0 pg/em?
Ni 269 pg/cm? Ni 27.8 pg/cm?
Cr 71.6 pg/cm? Cr 728 ug/em2
Al 27.4 pg/em? Al 324 pg/cm?
SILICON I l VITREOUS CARBON

Fig. 5. Multilayers Au/Ni/Cr/Al on silicon and vitreous carbon

The indicated layer thicknesses have been determined by microweighing. The RBS
spectra of such layers are shown in Fig. 6. For Au, Ni, and Cr both spectra are
identical; in the case of the silicon backing (dashed line) the Al peak overlaps
with the Si spectral edge, whereas in the case of vitreous carbom th= Al peak is
well isolated.

Self~supporting foils

In nany applications of self-supporting foils it is important to'know:cheir .

areal densities with high accuracy. Examples are: supports for thin backings.
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Fig. 6. RBS spectrum of multilayer on silicon and vitreous carbon

used in nuclear measurements, stripper foils, energy filters. The thickness

of such foils in the region of several ug cm-z to several ug cm--2 can be easily
and accurately determined by measuring the energy loss of a-particles traversing
these foils (ref. 14). The experimerital arrangement for these measurements is

schematically shown in Fig. 7.

a SOURCE r—FOlL SURFACE BARRIER DETECTOR
“366203 -
3183 keV

9y
274Bq

F 39mm

PR -

Fig. 7. Foil thickness measurement by a-absorption
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The energy spectrum of a léscd a source is measured by a- 81 bartzer detector

with and without inserting a fozl between the a source and detector. ‘From the
energy shift towards lower energies of the a peak, due to the 5011, and by
applying a modified Gaussian fit (ref. 15) .to the measured peaks, sens1t1v1t1es
in areal density of a few tenths of a ug cm ~2 can be obtaxned. However, to
employ this simple method to its full capability, ca11brat10n foilé.aie needed.
For their preparation, highly polished disks of fused s111ca, with a diameter
of 40 om and a thickness of 0.6 mm, were used as substrates. Pr1or to the eva—
poratlon of the metallic reference films a thin sodium chlorlde layer. (30 ug

cm ), to serve as release agent, was deposited from a resistively’ heated boat.
After metallising the final layers were scrzbed into squares and floated off the
silica c¢isk into a basin containing distilled water. The resulting thip refe-
rence foils could then be picked up onto standard circular (annuli) holders
having holes of 6 mm diameter. .

For the preparation of thin carbon foils essentially the_same teehhique was
applied. However, after NaCl deposition and weighing, the substrates were
transferred to a different vacuum systeﬁ where the layer was produced by the
carbon arc method. For the mass determination, the substrate with the deposited
foil was transferred back to the uhv system where, efter evacuation, the mass
of the carbon deposit was determined by the microbalance. The eccotecy of these'
measurements was checked by applying different methods which:included weigﬁing'
of large foils with an ordinary microbalénce at atmospheric pressqres.-'It has
been shown that the areal density of carbon foils can be determined with an '
uncertainty of less than 2 ug cm-z. Finally Fig. 8 shows the energy loss of
a particles versus foil thickness for different materials.

CONCLUSION _

Since measurements on an uhv microbalance are directly'traceable_to primary
mass standards, weighings with high accuracy are feasible. The microbalance
has been extremely useful in a number of applications for the assay of thin
standard layers and foils. Together with other analytlcal methods of comparable
sensitivity (e.g. RBS) valuable information on thin composite layers can be

obtained.
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