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ABSTRACT. _ 

.- The weighing procedure of an ultrahigh 

described Rrev-lously, has been modified; 

the halance will be given. In particuiar 

the-definition of .areal densities .of thin 

vacuum microbalance, which was 

Examples for various application of 

recent use of the microbalance for 

films and self-supporting foils, 

‘produced as reference materials for.high.precision measurements will be 

discussed. 

INTRODUCTION 

Within the framework of our,programme to produce thin boron layers for 

neutron cross section measurements, a vacuum microbalance has been developed 

to determine the mass deposited on a quartz disk with high accuracy (ref. 1). 

Ad improved design of the first model led to.an ultrahigh vacuum compatible 

concept (ref; 2,3). Although the'balance has been designed primarily for the 

preparation of various standard,layers by vacuum evaeoration-(ref. 4,5), it 

has also found some different and even non-vacuum applications. The balance 

-has been employed: for pressure measurements as a Knudsen type manometer.in the 
-5 

10 
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to 10 mbar region (ref. 6). By-measuring changes in buoyancy forces 

thk balance could be used to &say.precisely the'composition of binary gas 

&xtur&. (ref.-‘7). At.atmospheric.preesures. highly'accurate .measurements'of 

- -drop weights of radioactive-solutions~could~~be-performed (ref. .8). 

.:In the following~reoent:apRlications of :-the microbalance to the characteri- 

sation of thin evaporated reference layers-will:be discussed. The performance 

of the balauce.wiIl be~c.ontp&ed-with that of other sensitive methods and in 

particular with..the ,q&ts c&&I'thin film monitor. 
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EVAPORATION SYSTEX AND GENERAL FEATURES OF THE MICRORAWCR 

The uhv evaporation system used for most of the experiments is an all metal 

system bakeable to 400% and.pumped by two ion getter pumps to a base pressure 

of about 
-10 

IO mbar. All metal evaporations are performed by electron bombard- 

ment from a three crucible source. A resistance heated boat serves for the 

evaporation of sodium chloride. A schematic diagram of the microbalance is 

given in Fig. 1. 
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Fig. 1. Schematic diagram of UIiV microbalance; I 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, 
I1 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 GO urn long and 0.1 mn in.djarneter. 

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 the balance 

is under full load. The mass of the deposit is determined as a function of 

the calibration weight (lo), which can be placed together with the saraple.(lZ) 

or with the reference weight (11) on the balance. 

The main characteristics of the.microbalaace are: .. 

- its useful load of 2.5 g with a-total weighing range of 20 mg. For special 

applications (ref. 7) the load could be increased to 10 g. 

- a reproducibility of < 0.3 ccg (standard deviation): for. the .I0 g-version 

the reproducibility was i ig in vacuum and 2 ~g at atmospheric pressure. 

:.. . ..- ..; .: 

_- . . . 



-, compatibility with bakeable uhv 

- mass determinations by applyidg 

86 

systems. 

the,p&nciple of substitution weighing; this 

eliminates drifts of zero.and electrical sensitivity. 

ABSOLUTE MASS DEtiINAIION 

The weighihg procedure has been simplified by introducing the calibration 

.weigbt. Fig. 2 shows some details of the load side.of the balance beam (B). 

Fig. 2. Quartz 

The pivot point 

carrier with calibration weight. 

is formed-by a triangle (T) with tungsten torsion wires of 

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

-R 

The quartz carrier (Q) can be loaded by stainless steel forks (not shown) either 

with-the sample pan (S) or the reiereace weight (R). In addition the calibra- 

tion weight (C) can be placed on the .ca&ier. 

Let c. &end a be tha,~&tss~~oi the calibration_waight., the reference weight 

and the sample..resp.ectively and C, R and S the corresponding.balance. readings. 

Then the following relation holds: 
_. 
S-R 

.8_.- r- -. c . 
&+C) Y R ? _-. 

(1) _, 

_ 

. : . . . ; :’ 
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Let (I) describe a weighing before an evaporation. If we denote by a dash the 

changed quantities after deposition of a layer, we get: 

S' -R' 
S’ -r= . c . (la) 

(R'+C') - R' 

The mass m of the deposit can be calculated from 

S’ - R' s -R 
m=s*-sx .c. (2) 

(R'+C') - R' (R+C) -R 
1 

In general ten independent readings are taken for each measurement 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 stability 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 c = 9423.6 fig 2 1.5 pg (n = 13). 

TABLE 1 

Nass determination of calibration weight 

Date of 
measurement 

09.07.1970 
26.10.1970 
16.12.1970 
23.03.1971 
18.05.1971 
11.08.1971 
09.09.1971 

:,::“, / f~~~; 

9424: 8 26.10.1971 
9424.8 18.1!.1971 
9424.5 05.04.1972 
9424.5 12.01.1978 
9421.8 01.08.!980 
9422.6 

c IPd 

9423.6 
942i.6 
9421.4 
9422.5 
9424.8 
9426.2 

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 ~fICROBALANCE WITH A QUARTZ CRYSTAL THIN FILH MONITOR 

Taking all possible uncertainties into xcount. area1 densities can be deter- 
-2 

mined with an uncertainty of less than 0.1 clg cm when using a microbalance'. 

With quartz crystal monftors, which were first introduced by Sauerbrey (ref.- 9). 
-2 

the resolution is 0.02 Pg cm or better. A direct comparison between micro- 

balance and quartz monitor has been obtained by suspending a quartz and its 

oscillator from a vacuum balance (ref. 10). With careful shielding good 

. 



agreement (within 0-4 %)..~a% found in the case of -indium between 

cation of the microbalance an4 the qu&tz monitor. However, the 
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the mass indi- 

temperature 

dependence of the frequency of the quartz resonator is a-seriously limiting. 

fa'ctor (for discussion see e.g;:Msissel and Glang (ref. 11)). Recently Ramadan 

et al. (ref. 12) have shown that in addition to proper shielding, a carefully 

matched pair of qua& crystals, with respect.to.their temperature dependence, 

has to be chosen in order to obtain the highest accuracy and resolution in the 

mass de'termination: 

For the preparation of reference layers a commercial. water-cooled quartz 

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 thickness. 

For most evaporations ah 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 cf 590 urn was chosen. 

At the end of an evaporation 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 

%a1 
?4 A-x 

Material 
[Pg cmm21 [PgQL-21 1 Xl 

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 0 
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 71.7 73.1 + 1.93 

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

systems are below 2 _X, i;n the case of gold they are smaller than 0.5 il. 

'Pa Infi&&eybold-Heraeus. 

. 



It is believed that the occasional differences between balance aiid quartz- 

monitor are due to the erratic temperature dependence of the resonant frequency 

as observed by Ramadan et al. (ref. 12). 

ASSAY OF REFERENCE LAYERS USING A MIGRORAIANGE 

There is an increasing demand for accurately defined thin layers and foils 

for the calibration of instruments used for the analyses of surfaces and near 

surface regions . The uhv microbalance has proven to be an extremely useful 

tool for the characterization of such layers and foils. 

Layers for RRS analysis 

In the past decade, nuclear backscattering of MeV energetic light ions from 

surfaces (Rutherford backscattering; RRS) has been developed into a technique 

for rapid, non-destructive and quantitative surface analysis. In essence the 

RRS tec'hnique is straightforward. Fig. 3 illustrates the experimental procedure. 

PREAMPLIFIER 

INING o SOURCES 

ELECTRON SUPPRESSOR 

VANDEGRAAFF 

BEAM CURRENT 

VACUUM CHAMBER 

L LlaUlD NITROGEN CRYOSHIELD 

Fig. 3. Schematic diagram of the backscattering arrangemant 

Samples are mounted in a vacurrm chamber which is connected to the beam tube of 

a Van de Graaff accelerator. V&xnnn requirements are not stringent'with IO? - 

IO+ mbar normally found to be adequate. The accelerator provides a monoenerge- 

tic beam of ions which impinge on the sample. The energetic particles back- 
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.scattered through, a fixad labarat&y angia are detected.by a.surfaca barrier 

detector. The energy of the scattered projectile, E, is always;.less than the 

incomitig energy K. and is given by.E = KEo, where K is the kinematic facto* of 

the. collision. This can be calculated from the classical conservation laws of 

energy and momentum. It can be shown that K is a function.only of the mass of 

the projectile M , the mass of ths'tsrget a.tom $ and the scattered angle of the 

projectiie es. i&the extreme c&e of the projectile being scattered through 

180°; K reduces to: 

(3) 

This illustrates the fact that RE.is able to discriminate between the dif- 

ferent elements making up a target. 

A typical backscattering spectrum is shown in Fig. 4. The target material 

was silicon implanted with bismuth, with a thin layers of copper (7.87 fig cm -2) 

evaporated on the silicon surface. The sample was bombarded with helium ions 

at an energy of 2 MaV.. Fig. 4 shows sharp and wall separated peaks due to the 

Cu and Bi. From the peak areas AC, and ABi, the scattering cross sections OCu 

7.50 
&He+ BEAM, &= 2000 keV, 8 = 165" 

C ZWug cm-2 COPPER LAYER ON BISMUTH IMPLANTED SILICON 

0 \ 
I 

1 c 

< 0 5.00 .lO.bO 
I 

15.00 
CHANNEL- NUMBER Ix 10’1 

Fig. 4. Baclca&ttering. ,@pec&m from copper e&porated on bismuth implanted 
-silicon. :. 

: 
,_: 



and u Bi and the known area1 density of the copper deposit mCu, the area1 density 

of the bismuth implant msi (atoms cm-21 can be calculated: 

%i OCU 
- mcu 
'Bi 

(4) 

The accuracy of the determination of %i depends directly on the accuracy with 

which the area1 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 4.94'10 
15 

atoms cm -2 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 LB0 pg /cm2 Au 49.0 pg /cm2 

Ni 26.9 pg /cm2 Ni 27.8 pg/cm2 

Cr 71.6 Dg/cm2 Cr 72.8 vgkmz 

Al 27.4 pg/cm2 AL 32.4 pg/cm2 

SILICON VITREOUS CARBON 

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

The indicated layer thicknesses have been determined by microweighing. The RRS 

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 carbon ths Al peak is 

well isolated. 

Self-supporting foils 

In many applications of self-supporting foils it is important to.know-their 

area1 densities with high accuracy. Examples are: supports for thin backings.' 
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Fig. 6. RES spectrum of multilayer on silicon and vitreous carbon 

used in nuclear measurements, striPper foils, energy filters. The thickness 
-2 

of such foils in the region of several fig cm to several mg cm 
-2 

can be easily 

and accurately determined by measuring the energy loss of a-particles traversing 

these foils (ref. 14). The experimental arrangement for these measurements is 

schematicalLy shown in Fig. 7. 

I I. I 
39mm 

Fig. 7. Foil thickness measurement by a-absorption 
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The enet-gy spectrum of a 
148 

Gd a source is measured by.aLSi barrier-detector 

with and without inserting a foil between the a source and detector. :From the 

energy shift towards lower energies of the a peak, due to the.f&l; and by 

15).to the measured peaks, applying a modified Gaussian fit (ref. sensitivities 
-2 

in area1 density of a few tenths of a fig cm can be obtained. However, to 

employ this simple method to its full capability, calibration foils are needed. .. 

For their preparation, highly polished disks of fused silica,with a diameter 

of 40 am1 and a thickness of 0.6 mm, were used as substrates. Prior to-the eva; 

poration of the metallic reference films a thin sodium chloride layer.(30 fig 

crnm2), to serve as release agent, was deposited from a resistively heated boat. 

After metallising the final layers were scribed into squares and floated off the 

silica disk into a basin containing distilled water. The resulting thin reie- 

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 technique was 

applied. However, after NaGl deposition and weighing, the substrates were 

transferred to a different vacuum system 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, after evacuation, the mass 

of the carbon deposit was determined by the microbalance. The accuracy of these' 

measurements was checked by applying different methods which-included weighing 

of large foils with an ordinary microbalance at atmospheric pressures.- It has 

been shown that the area1 density of carbon foils can be determined with an 
-2 

uncertainty of less than 2 pg cm . Finally Fig. 8 shows the energy loss of 

Q partrcles versus foil thickness for different materials. 

CONCLUSION 

Since measurements on an uhv microbalance are directly traceable to primary 

mass standards, weighing3 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 analytical methods of comparable 

sensitivity (e.g. RBS) valuable information on thin composite layers can be 

obtained. 
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Fig. 8. Energy loss in function of the layer thickness for different materials 
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