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The téchniques to determine foil thicknesses as treated in some text-

: books (lesch et. al., 1965; Thomaq, 1962 Relmer, 1967, Schimmel., 1969,

von Helmendahl 1970) require special imsge features such as either traces
(from dislocations or precipitates) or wedge fringes or'bénd coﬁtours.
Hoﬁever, dften theré are ndne of thése féatures.in‘the particular area

of intérest. Oﬁe method of thicknéss determination for this general case
using e#tinction contours under "divergent beam"'cpnditions in the dif-
fraction battern-was developed by Bell and Thomas (1969) (first intro-

duced by Amelinckx, 1964). Sadhukhan (1970) suggested the use of latex

-balls to be applied on both sides of the foil. Its thickness t is de-

rived from the changes of the projected ball diétances after'tiltiﬁg the

¢

Vspecimeﬁ_through large angles. Ad&itional Cross Shadowing is necessary

' to distinguish on which of the two surfaces the latex balls were. Also

Vingsbo (1970)‘used a high angle tilting techniqﬁé'together with inherent
féatures_extending from one foi;‘surface to thefoiher. ”

The méthod described hefe can be ﬁsed‘in the mOst>génefal.case of a
trdngparept foil, i.e. no particular image featurés and no-éomplicated

shadow castings are necessary. This method may be considered as an inde-

‘pendent alternative to the one of Bell and Thomas (1969).

- Experimental

Latex balls as coﬁmercially available (diameter D = 2340 + 26fx)
are applied to the'foil surfaces by 51mpJe dlpplng into a clean alconollc
suépénsibn The concentratvon of thls latcx sus pen51on has to 5e trled
out such that about the'required density of latex balls cémes onto the
surfacé, idéally:just bne ball on each side in‘the field of view (one
drop of ihe latex milk per 5 cm3 alcohol fqr first.irial). Let the |

specimen dry by careful setting on filter paper in an oblique manner
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such that the suspension is allowed to;flow down gently from either side. -

Fig. 1 shows an example, in this case a disc specimen of an Al-L%Cu alloy
obtained by twin-jet electropolishing in a commercial polisher (E. A.

Fischione, Verona, Pa.). The sample was aged to produce large platelike

-

O'-precipitates for an independent thickness determination by trace anal-

ysis. Fig. 1 was taken at 100 kV in a Philips EM 300 microscope fitted
with goniometer stage which provides easy and'accufate tilting in both
directions up to *+ 60°.

Method of Thickness Determination

In.Fig. 2 the three black dots should mark the centers of latex

balls (whiéh themselves are usually in the orderzof magnitﬁde'of the

- foil thickness t). The following treatment therefore yields t! =t + D,

the figure thus giving a cross section of a hypothetical foil, resulting
from the real foil t plus twice the latex ball radius. At first the
primary beam P is considered to be perpendicular to the foil in the

untilted condition (deviations w from this condition are diécussed._

later.)

A Firs£, one has to distinguish whefher twé balls needed for the
analysis aré - as required - on different sidés,  Thié_may be:easily
perfofmed'as‘follows: two particles on fhe sameﬂsidé always'reduce their
projecfed'widths d én thevscreen during tilting‘in both directions,

whereas particles on different sides increcase their d-value while tilt-

ing to one direction (a > 0 in Fig. 2) and decrease d when tilting in
the other direction (a < 0).

Let us first suppose the foil is tilted in the positive direction

as shown in Fig. 2 from which follows cos g = t'/{, sin g = 4;//, sin

(¢ + ) = deli. Eliminating .Z from the last two equations and applying

T~




the additive formula for sin (o + B) yields dl(sin-a cot B + cos® ) = ds.
With cot 8 = t'/d; the foil thickness t results as follows:
- a
_ ' d2  dl cos z
t=t"'-D= ‘ -D (1)

. sin @

If the foil is tilted into the other direction the projected width
becomes smaller and is denoted as d3’after tilt for better distinction.

Taking the absolute value of o, an analysis analogous tb'Fig. 2 yields

. in this case:

o dl.COS a -"d3 ..
t=¢t'-D= . ‘- D ’ (2)
‘ ‘sin o ‘

¢

The d's may be measured as center - to center distances of the latex

balls, méaSured in the direction perpendicular to the tilt axis, or
more accurately as the cbrresponding edge distancesas indicated in Fig.

1. With d, = 3.7 mm,'dz = 9.2 mm, D = 6.0 mm on the plate and a = 24°,

1
formula (1) yields t = 8.3 mm or - divided by the magnification125,600

times - a foil thickness of 3240 £. For comparison, thickness deter-

_ mihation‘by conventional trace analysis‘(see the textbooks mentioned

‘ o o . | ‘ o
above) using the O'-plates in Fig. 1 before and after tilt yields 3470 A.

Accuracy of the-Method

Alﬁhqugh this technique is géneraliy applicable, its accuracy is
of courséllimiied as that of any physical méasurément.v Thé following
sourées:qf error havefﬁeen trecated: | |

(a) uncerfainty of dl-measurement.: Magnifyipg glasses or photo-

meters are uséd; although normally béttef, an error of Q.3 mm

on the negative or original print is taken into account using
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‘a magnification of 50,000 X;

(b) the same for ds

(c) The influence of an error of 1°in a is considered. 1In cerystal- »T;j

line samples @ can be measured much méfé:accuratély by uﬁe of
| Kikuchi line shifts (Thomas (1970); von‘Heimendéhl (1971)); -
.hbwever, thé method described here is aléo applicable'to non-
~ crystalline specimens like carbon films etc.
. (d) usually it is unknown whether P is e#écfly parallé%_to the
 'f0il normal in the start position (al-;easuremenﬁj as aégumed
fin the above derivation. A slight deviﬁtioﬁ w < 0 1is cdnsid—
-éred in Fig. 2 as follows: the foilyis;assumed ﬁo be fixed in -
the specimen holder forming u between ?’and the fo%i=normal.
_ fhen the ﬁppearihg (wrong) projectedfwidths are seen ﬁot,
~along P, but along the deviating direcﬁion (Fig. 2) and can
.- be worked out graphically or better numericélly this way;
‘w = -5% and -10° were taken as examples: .
In all caéés equation (1) was applied and the resulting thicknésses
infected wiih the errdrs ére called t¥*. It is §f particular interest
to knoﬁvthese errors as a function of B since in pfactice one has often
a choice bétweeh particle pairs more or less c10§e.together. Table l;
therefore, lists the results of (a) - (d) roi- B = 0°, 12° and kLo°.
it‘can be seen from Table 1 that'the errorsv(a) to (c) are.sméll
to medium, do not dgpend strongly on the choicevqf B and cancel out
each othevr partially. Larger errors may Appeér only from w -/~' 0if 8
is lafge} ~From this point of view, iﬁ is thereforé recommended to.

work with small 8. Unfortunately, an w # O cannot be identified by

using the two different tilt directions: for a given w > 0 in both

e



cascs, u51ng a > 0 and <0, t¥ comes out too large, and for w <0
in both cases too small. Also a w ¥ 0 condition cannot be checked by
using two partlcles on one °1de of the f01l although ba51cally these

should have a maximum dlstance whlle tilting at w = 0, this effect is

much too small for practlcal use due to the extremely slow variation

of the cos-function near zero. It is one more advantage of disc specimens
as obtained from electrolytic jet stream polishing that they usually
have only a negligibly small deviation parameter w.

.

The dependence on the assumed foil thickness in Table 1 is twofold

and easily understood: first, with larger thickﬁess, the projected widths

- become also larger and therefore the relative dl end d2-aécuracy becomes

better, kéeping'tﬁe absolute width accuracy cohsféﬂt (0.3mm*' oii” the plate).
Tﬁis is in'agreemenf with similar observation‘of Vinésbo; seéohd, a larger
thickness t means genérally a better relative acpﬁracy sincé in (1) ana
(2) the constant diameter D has to be subtracted»(which is in the order
of t). Therefore, also the relative errors from‘é-‘and w- deviations'in
Table i bééomeysmaller the thicker the foil.

Four or five measurements with differeqt tiitlangles a aré usually
possible under good contrast conditions. In pfactice, by averaging these
1ndependcnt measurements it was always possible to determine t w1th a
standard deviation.of less than 4%. Largest deviation of a single measure-
ment was 8%. This is about in agreement withﬂthe calculations of Table 1.

Sfrohgly wvedge-shaped specimens need a speciél geometfic treatment
which is.hot intended to be dealt with in this paper. The derivation of
equationk(l) requires a plain-parallel‘spccimeﬁ which is usuallylprovided

within the small area of view also in electropolished thin metal foils.



-6-

The comparison with trace analysis value for t taken from the
0'-platelets as calculated above for the exampleeof Fig. 1 yielded agree#
ment wlthln 7%. Hoﬁever, trace anelysis results'in tﬁe current investi-
,: gation were less accurate due to irregular’ plate edges resp. poor resolu-
tion of the intersection between plate and surface. For rellable and
accurate results it is therefore preferably to use the method described
in>thi§ paper. | |
Summary -

A technlque is described to determlne the f011 thickness t of trans-
parent specimens as used in electron microscopy.. t is galned from™ uhe |
chaﬁges'of_the projected widfhs of pairs of latex_balls on both specimen’
. surfaces during tilting‘(large angles). The aceugacy of thé method is
investigated critically in dependence of severel,eou}ces of errors. In
routiﬁe ﬁork, a standard deviation of less than 5%'is obtainable. -
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Table I: Relative error = (t¥ - t)/t of determined foil thickness in %
as function of different. error sources. Calculations are performed fdf

two thicknesses t: 0.3 and 1.0p; the tilt angle is assumed to be 20°.

B =0 B =12° B = 4O°

Foil thickness t

0.3 1.0 0.3 1.0 | 0.3 1.0m

(a) d; assumed to be
0.3 mm too large ‘
" measured on the plate =5.5 -1.6 -5‘5' -1.6 f5'5 -1.6
(50,000 x Magnification)

(v) d2 assumed to be
0.3 mm too large _
measured on the plate +5.9 +1.8 +5.9 +1.8 +5.9. +1.8

(50,000 x Magnification)

(¢) o assumed to be _ |
1° too larg ,
measziedaigi° -8.1 -5.6 . -T.5 =5.2 -5.6 =3.9
- instead of 20°)° ' :

9.5

(d) w = =5° 0.7 -0.5 b0 -2.7 -13.7

-10° | 2.7 -1.9 9.3 6.k -28.6 -19.8

i

(d) w




Fig. 1.

- Fig. 2

TFigure Captions

Electrolyt:cally thinned specimen of an Al-h%Cu alloy with applied

'latex balls. Foil thickness t from (1) 3240 ) + ba. 2),600 X.

Cross section through a hypothetic f011 of tthkDEQS t' = real
" foil thickness t + diameter D of latex balls. Tilt axis perpendi-

“‘ecular to drawing plane, a = tilt angle.',e = projection of ball

distance upon drawing plane, d, and d, ére the projections of z

on' the plate before resp. after tilt, P = primaryvelectron bean,

‘w see text.
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