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' The.two-beam dynamical theory gives the intensity diffracted by a’

"-pe:fgct wedge-shaped, absorbing crystal at the Bragg'angle for diffractidﬁ}ﬁ&bi':

- as:

I o-24t . -
: Is(t) = -£L—--—‘(cosh 2Bt - cos 2wt) ‘ SN ¢ 5 I

’  where‘A =¢nt8/g;, B = ntolgé; and t = z/t:° are all dimensionless parameters; ;

of absorption and thickness. In common notation g; and,gé are the mean and -

anomalous absorption distances,.t0 is the exﬁinction distance, and z is the

“thickness of the foil; all are generally expressed in Angstroms.

- Values for the absorption parameters are obtained using the extrema

- values from an intensity profile and determining the envelope for the in-

' tensity varlations. The mean parameter is obtained from

-2At

' IA(t) = Imax(t) - Imin(t) = Le (2)
and the anomalous parameter from
Iz(t) Imax(t) + Imin(c) e2Bt: .
A" max min 2



: in thick foils., If there is a diffuse ‘or. 1ncoherent background intensity
'distribution, G(t), Equation (2) will be independent of the background.
while Equation (3) shpuld contain twice:the amount of background present -

:bin the image.

All previous methodsl_Brof obtaining.the anomalous parameter have'ig—agn'

'"f'nored background radiation and are therefore inherently inaccurate. Using~ ff

3_5 background the following expression can be obtained:

BRCE Iz(gu) [1 (t)] [1 (c+1) I, (t+1)]

IA(t) I, (t) I (t) I (t+l)
= cosh 2Bt - e cosh 23(t+1) Fmm— (R,
N B q o2At  MTien
: o o R

" where AG = 26(t) - 2G(t+1). Both the sign and the magnitude of AG will &~

Equation (4). Using two thicknesses before the maximum in the background
distribution curve, ZB calculated by Equation 4, ignoring background

(i.e., assuming AG = 0), will be an}overestimate; points used past this. N

maximum will yleld a value of 2B which is an'undereetimate when background f;; L

is ignored., The simplest application is therefore to obtain the background

distribution and determine its maximum. The interpolated value of the

anomalous parameter at this thickness will be quiteveloee to the real value.

" An alternate method would be to obtain two micrographs of the same wedge-
shaped foil using different amounts of divergent radiation and hence dif-
ferent percentages of diffuse background intensities contributing to the

images. The plets of the anomalous absorption parameters versus thiekness'
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).f 'dépend'upon the sﬁape of the background.curﬁeiend~the thicknesses used 15,5%3‘45?-
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obtained‘for_fhe‘twoAcaseéuwill then cross at the correct value of the

. parameter and at'a thicknéss“approximately‘where the background,exhibits,

[

" a maximum,

Figure 1 shows the microphotometer tracesvobtained for two different

;amounts of defocusing tﬁe_coqdenser.lenslon the Siemensrl microscope, frqmt"
'E*the'a;uminumquilzshoﬁn in Figure 2, and the intensity distribution at the'{fj ”.
- (111) reciprocal lattice point when the angle of incident radiation is far -

. from ﬁhe Eragg angle, The values of the anomalous parameter aetermined byf;;?;' |
.'g,vKuation;(4), ignoring background, are shown ih Figure 3, and it can be
:i-seen that the curves for different'backgfound distributioné cross at thick;fl"'
:nesses quite close to the observed maximum in the background distributionsgi”;i,‘

“ Points.on.the'plots are all rélative to the (111) extinctiﬁn distance and  ifi;;
‘therefore these results show that the anqmalous absorption length is not :

e constant but varies with diffracting planes. However, these results indi;} 
: vcate that the ratio of the imaginary part of the Fourler coefficient of

‘the lattice potential to the realipart is 0.431 for the (111) planes and

0.453 for the (200) planes in aluminum and that this ratio is fairly

constant. o
tg
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XBL 685-733

Fig., 1 Microphotometer traces for (a) (220), (b) (002), (c) (111)
:  planes diffracting in aluminum and (d) the diffuse background
distribution for the (111) reflection far from the Bragg angle.
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Fig. 2
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Fig. 2 Electron micrographs of Al foill for
(a) (220), (b) (002) and (e) (111)
planes diffracting.
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Fig, 3 Anomalous absorption parameters obtained from intensity profiles.
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