
Diffraction focusing of x rays 
V. L. Indenbom 

Institute of Crystallography, USSR Academy of Sciences. Moscow 

E. V. Suvorov 

Institute of Solid State Physics, USSR Academy of Sciences, Moscow 

I. Sh. Siobodetskil 

Institute of High Pressure Physics, USSR Academy of Sciences, Moscow 
(Submitted February 5, 1976) 
Zh. Eksp. Teor. Fiz. 71, 359-369 (July 1976) 

A theoretical and experimental study is reported of the main factors governing the diffraction focusing of 
x rays, including the angular aperture, the spatial distribution, the spectral composition and coherence of 
the initial packet, the particlliar parameters and true quality of the crystal,. and the properties of the 
interferometer cut from the crystal. By improving the system. it has been possible to achieve the sharp. 
diffraction focusing (with micron precision) predicted previously {V.L. Indenbom. I.Sh. SlobodetskiI, and 
K.G. Truni, Zh. Eksp. Teor. Fiz. 66. 1110 (1974) [Sov. Phys. JETP 39,542 (l974)]} and to test the various 
ways of using the effect in x-ray optical devices. 

PACS numbers: 61.10.Dp, 61.10.Fr, 07.85.+n 

Diffraction focusing of x rays resulting from their 
successive refraction in the plates of a two-crystal in­
terferometer was predicted in a previous paper. tll This 
phenomenon was later discovered experimentally. [2) 

Subsequent work[3,4) demonstrated the importance of dif­
fraction fOCUSing in the formation of the x-ray image of 
crystal-lattice defects. 

The phenomenon of diffraction focusing is illustrated 
schematically in Fig. 1. When a narrow incident beam 
is diffracted in the first plate of a II-shaped interferom­
eter, the wave field fills the triangle lying between the 
directions of the transmitted and reflected waves, and 
a broader refracted beam leaves the plate (Fig. la). 
The beam doubles its width as a result of diffraction in 
the second plate, but the wave field in the doubly re­
fracted beam is focused down to a high-intensity narrow 
peak at the center of the beam (Fig. Ib). 

However, both the experiments described in[Z) and 
those mentioned at the end ofU ) showed that agreement 
with theoretical predictions was only qualitative. The 
sharpness of focusing was not as good as one would ex­
pect from the theory. The broadening of the image of 
the first slit amounted to some tens of microns instead 
of the predicted 1-2 IJ-. The central peak had a fine 
structure and was accompanied by satellites. As a re­
sult of the discrepancy between theory and experiment, 
the possible realization of the various practical applica­
tions of diffraction focusing noted inUJ , and the develop­
ment of x-ray optics devices with diffraction lenses, has 
remained an open question. 

The present paper is concerned with the theoretical 
and experimental study of the main factors governing the 
diffraction focusing effect, including the spatial distribu­
tion, the angular aperture, the spectral composition and 
coherence of the initial wave packet, the particular pa­
rameters and true quality of crystals, and the properties 
of the interferometer as a whole. An interpretation is 
given of the strl\cture of the doubly-diffracted beams in 
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terms of the theory developed previously, and this is 
used to establish the conditions that are necessary for 
achieving the sharp diffraction focusing predicted intll 

and for the practical application of this effect with the 
theoretical (micron) diffraction broadening. The appli­
cation of these results to the reconstruction and transfer 
of the x-ray image, the formation of a spatially modu­
lated Borrmann wave field in highly absorbing crystals, 
and the development of various x-ray optics devices with 
diffraction lenses (high-resolution x-ray spectrometer, 
high-luminosity achromatic diffraction lens, and so on) 
are described in special publications. [5-7) 

1. ANALYSIS OF FACTORS GOVERNING 
01 FFRACTION FOCUSING 

The ideal case, where a monochromatic wave EaVe, z) 
is incident on the surface z = 0 of the first plate of the 
Laue-type interferometer after passing through a nar­
.row slit, was discussed in[1J. The wave field E1(x,z) 
diffracted by the first plate is given in this case by the 
Riemann function [8,9) 

\ 

... 
FIG. 1. Diffraction focusing of x rays in the ll-interferome': 
ter: a-image of slit after first plate [Eq. (2)]; b-transforma­
tion of this image in the second plate {see Eqs. (4) and (5)]. 
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G(x,z,~)=~exp[ -i~ ~ (Z-xctgti)] 8(z-lxlctgti) 

X/o( ~ (z'-x'ctg'tt)"'), 

and, in particular, when Eo(x, 0)= o(x), 

E,(x, z, ~)=it.-'G(x, z, ~). 

In these expressions, £l(x) is the unit step function, 

(1) 

(2) 

Jo(x) is the Bessel function of order zero, .9 is the 
Bragg angle, A = ~ CoS.9)/ I X I is the extinction length 
corresponding to the splitting of the dispersion surface 
on the boundary of the Brillouin zone, A is the wave­
length, X is the effective Fourier component (taking into 
account the polarization factor) of the polarizability of 
the crystal for the given reflection vector, ~ = (A/ 
IT)tan.9, and {3 is the parameter representing the de­
parture from the Bragg condition. In particular, a 
small change cp in the Bragg angle corresponds to 

2A .. A A 
r=T'I'smu=d'l', (3) 

where d is the reflecting-plane separation for the given 
reflection, In contrast toU] we have confined our atten­
tion to the centrally symmetric crystal, and have writ­
ten our equations in a natural coordinate frame in which 
the z and x axes lie in the plane of scattering along the 
intersection with the reflecting plane and along the nor­
mal to it, respectively. 

The structure of the doubly-diffracted beam EOl after 
the interferometer is given by the convolution[1l 

E" (x, z, ~) =-t.-'G (x, z" ~) ",G (x, z,,~) 

= - 4~7 tgtJ exp [ -i~ ~ (Z-xctgtt)] 8(Z-lxlctgti) 

X j 10 (.~ (t'-x' ctg' til ''') dt, (4) 
T 

where Zl and Z2 are the thicknesses of the first and sec­
ond plates of the interferometer, respectively, Z = Zl + Z2 

is the total thickness of the plates, 'Y = max(1 xl cot.9, 10 I), 
and 0 = Z2 - Zl is the thickness difference. 

For an interferometer with sufficiently thick plates 
(Z» A) with roughly equal arms (0« A), the wave field 
in the central part of the beam can be written in the 
form 

1 [n ] Eo> (x, Z,~) = - -exp -i~ - (Z-x ctgti) 
H A 

x e (Z-I x I ctg {) { e-:,!/A+ I, (~ (Z'-x' ctg' if) ".) 

1'1 

- ~ s(rol-Ixl ctgti) S lo( ~ (t'-x'ctg'ti)'" )dt, (5) 
l:rlctg ". 

where J 1 (x) is the Bessel function of order one. 

The first term in (5) describes the sharp peak at the 
center of the image with half-width ~ ln2 which, in the 
case of MoKa radiation and the (111) reflections from 
silicon [subsequently denoted by Si(l11)MoKa], amounts 
to 1 J.L whereas, for the Si(220)MoKa and Si(224)MoKa 
reflections, this figure amounts to 1.4 and 3.5 J.L, re-
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spectively. The second term in (5) determines the 
shape of the broad pedestal on which the central peak 
is located in the equal-arm interferometer. The third 
term describes the contribution of the thickness differ­
ence and turns out to be very important in practice. 
Whilst in the equal-arm interferometer (0 = 0) the in­
tensity of the central peak for Z> lOA exceeds the back­
ground intensity by a factor of L 5-2 according to [1] , 

the intensity of the central peak is substantially reduced 
and the peak itself is split for a thickness difference 
smaller by an order of magnitude than A, and its total 
area in the imaging function (5) is reduced in propor­
tion to cos (lTo/ A), so that the intensity is reduced by a 
factor of four when I 0 I = A/3, and becomes zero for 
101 = A/2, Moreover, the condition 10/ A I < O. 1 corre­
spond to very stringent tolerances in the fabrication of 
the interferometer [for the Si(220)MoKa or Si(224)MoKa 
reflections, the thickness difference must be less than 
3.5-4 J.L]. 

The situation becomes much more complicated when 
the actual experimental conditions are taken into ac­
count. Thus, the entrance slit has a finite width so that 
the imaging function (4) must be integrated over the 
width of the slit, taking into account the angular and 
spectral compOSitions of the incident wave packet. A 
problem of this kind has already been solved in [S.10] but 
only in the approximation involving a perfectly mono­
chromatic incident wave. In our case, integration of the 
imaging function given by (4) and (5) for each mono­
chromatic wave and a slit of width 2a > ~ leads to the 
spreading of the image by an amount of the order of the 
diffraction broadening~, and to a reduction in the height 
of the central peak by the factor 

(6) 
We note that the interferometer is assumed to have 
equal arms and that the shape of the pedestal undergoes 
only a slight change over distances of the order of a. 

For a narrow collimated incident beam ({3« 1), the 
reduction in the image intensity contrast is determined 
by the coeffic ient 

f(O),={(Ma) [l-e-';']}', 

which is equal to O. 16 for a = 5 J.L in the case of 
Si(220)MoKa reflections, and 0.40 in the case of the 
Si(224)MoKa reflections. An increase in the aperture 
of the system is accompanied by an increase in the con­
tribution of deflected beams with {3'* 0, and there is a 
simultaneous reduction both in the height of the peak [in 
accordance with (6)] and in the background level [because 
of the phase factor exp(i{3x/ ~ in the imaging function]. 
Conventional two-slit collimators transmit beams for 
which the parameter {3 assumes values up to a few units 
({3 = 1 corresponds to the angular width of the dynamic 
maximum). Summation of the contributions of all the 
beams in a broad angular interval up to I {31 » 1 is equiv­
alent, according to the parseval formula, to the follow­
ing approximate expression for the contrast reduction 
coefficient: 
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FIG. 2. Calculated image of the slit in the doubly diffracted 
beam [slit width 10 Il, %1 =%2=0.45 mm, Si(224)MoKa). 

- .. ~ 
~ Jlf(~)I'd~=a-l Je-""~dx=-[1-e-'·.'~], 
nLl 2a 

(6') . 
which, for a = 5 /J., corresponds to a reduction in con­
trast down to 0.4 and 0.87 for the Si(220)MoKa and 
Si(224)MoKa reflections, respectively. Thus, as in 
the case of narrow beams, the use of the (224) reflec­
tions is advantageous for broad beams if higher intensi­
ty contrast is to be achieved even though some loss of 
resolution is then introduced because the diffraction 
broadening in the case of the (224) reflection is substan­
tially greater than for the (220) reflection. 

As an illustration, Fig. 2 shows, on a semilogarith­
mic scale, the calculated image of a 10-/J. slit in an 
equal-arm interferometer cOnsisting of silicon plates 
with Zt = z2 = 0.45 mm in the case of Si(224)MoKa. It 
was assumed in the calculation that the beam incident 
on the crystal was highly collimated, monochromatic, 
and unpolarized. For waves with different polariza­
tions, the Fourier components of the crystal polariza­
bility (and, correspondingly, the extinction lengths and 
arguments of the imaging functions) differ by the factor 
cos2,9 '" O. 8. The result of this is that, when slit images 
corresponding to waves with different polarizations are 
superimposed, the intensity oscillations do not reach the 
zero level. In accordance with the theory, the half­
width of the peak at the center of the image is 13. 5 /J. 
and its amplitude exceeds the background by a factor 
of two. 

The fact that the incident radiation is not monochro­
matic can be taken into account by allowing for the dif­
ference between the Bragg angles and, consequently, be­
tween the parameters (3 for the different monochromatic 
waves. If we combine the Bragg conditions with (3), we 
obtain the linear function 

~= C~t./lii.) (MI.) sin (t, (3') 

where tM. is measured from the wavelength correspond­
ing to the situation where the Bragg-Vul'f conditions 
are strictly satisfied, 6X is the natural width of the spec­
tralline used in the experiment, and lo=x2/21r6X is the 
corresponding train length (coherence length) of the x-
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ray radiation. The section through the wave train by the 
critical surface whose length is 1 = 10 cosec,9 is always 
small in comparison with .1 [for the MoKa radiation, 
we have 6X'" (0. 24 x O. 27) X 10-11 cm.and 10 "" 3x 10-6 cm, 
which is lower by two orders of magnitude than the dif­
fraction broadening .11. Thus, the elementary wave 
trains successively scan the slit with coherently illu­
minated strips of width 1 which, accOl:ding to (3'), is 
small in comparison with the details of the imaging func­
tion for all beams with I (31 up to 10 or more, so that' the 
fact that the radiation is not monochromatic does not, 
within the limits of the natural line width, smear out the 
details of the image. 1) 

When the geometry of the system is such that the 
beam centers do not coinCide for different wavelengths, 
the effect of the fact that the incident radiation is not 
monochromatic is generally different. It produces ap­
preciable chromatic aberration which can be taken into 
account by considering the diffraction of each mono­
chromatic wave independently and adding up the inten­
sities of the individual monochromatic image compo­
nents. Estimates of the linear disperSion of the sys­
tem based on the Bragg-Vul'f formula shows that the in­
clUSion of chromatic aberration leads to a broadening 
of the image by an amount given by 

D sin (t 
6x=---Llt., 

A cos·(t 

where D is of the order of the distance between the slit 
and the photographic plate (rigorous calculations show 
that D corresponds to this distance minus the thickness 
of the interferometer plates and twice the gap between 
the plates[6,7]). Unless special measures are taken, 
chromatic broadening of the image in systems of the 
usual size may amount to some tens of microns and may 
mask the fOCUSing effect. m It is precisely this effect 
that prevented satisfactory focusing in the experiments 
listed at the end of [1] • 

Chromatic aberration cannot, however, explain the 
re~ults published in[2], where a microfocus tube and a 
10- I-' slit were employed. These experiments show the 
presence of not only a broadening of the central peak up 
to 20 /J., but also of broad satellites which merge with 
the main peak and broaden the slit image up to 50-701-', 
which in no way corresponds to the angular and spectral 
composition of the beam. The large-scale oscillations 
in image intensity seen in Fig. 2 may be connected with 
the second term in (5), which gives rise to oscillations 
with a period of the order of (zA)1I2 cot,9, which, under 
the conditions of the experiments described in[2], corre­
sponds to approximately 70 I-' [Si(224)Mo K a reflection, 
A = 42 /J., Z = 0.9 mm, ,9 = 18. 5°]. Using the well-known 
asymptotic properties of Bessel functions for large val­
ues of the argument to estimate the height of these os­
cillations, we can readily verify that, for the oscillations 
to appear, we would require a reduction in the height of 
the central peak by roughly an order of magnitude, which 
cannot be ensured for reasonable values of the above 
parameters. 

The only remaining possibility is that the structure of 
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the doubly diffracted beams observed experimentally is 
determined by imperfections in the crystals used. We 
note, to begin with, that the estimates given above were 
obtained for perfect nonabsorbing crystals. Let us 
therefore begin by estimating the absorption of x rays in 
the interferometer components. To do this, we must 
multiply the imaging function (5) by the factor k 
= exp(- ILZ/2), where IL is the photoelectric absorption 
coefficient, and replace the real parameter A by its 
complex analog A = A' + iA", which represents the fact 
that the Fourier components of the crystal polarizability 
are complex (see, for example, [51). 

According to (5), the ratio of the background to cen­
tral-peak intensities for an equal-arm interferometer is 
equal to the square of the mOdulus of the Bessel function 
J 1 (rrZ/ A) of the complex argument rrZ/A= (rrZ/1 AI2)(A 
- iA"): 

As Z increases, this ratio oscillates with a period ap­
proaching IAI, and an amplitude 21AI /rZ, about the 
smooth curve (21AI /rZ)cosh(2ZA" /IAI2), which has a 
shallow minimum near Z:.:0.6IAI 2/A" that approximate­
ly corresponds to ILZ = 1. 2 since, for Silicon, 2A" / I AI2 
:':IL. In t2 ], we use ILZ:.:1.3 and Z/IAI:.:22, sothatab­
sorption reduces the difference between the peak and the 
background by roughly a factor of 1. 5, but cannot ensure 
the appearance of high satellites. Absorption can lead 
to complete redistribution of the wave field in interfer­
ometers with highly absorbing components, [5] but does 
not alter the general structure of the beam in the case of 
the more usual, weakly absorbing plates. 

Another characteristic feature of crystals actually 
used in practice is disorientation. Although the inter­
ferometer is usually cut from a single crystal, and this 
is done so as to retain the stiffness of the structure, the 
interferometer arms may turn out to be slightly mis­
aligned because of disorientation or variations in the lat­
tice parameter in the original crystal. 

Even when dislocation-free crystals are used, one 
frequently observed relative deformations and disorien­
tat ions of - 10-7 which, according to (3), corresponds to 
a difference in the values of fJ for the two arms of the in­
terferometer amounting to - O. 01. 

In order to take the disorientation effect into account, 
we must replace the convolution given by (4) by the con­
volution of the Riemann functions (1) with different val­
ues not only of z but also of fJ, i. e. , 

G(x, 0,. p,)*G(x, z" p,), 

so that, when we go on to the convolution of the Fourier 
transforms of the Riemann functions, this reduces to a 
consideration of the integral 

190 

f~ dw . nQ,z, . nQ,z, 'wx', 
1= --SJll--SJll--e ., 

Q,Q, .\ .\ 

Q,= (1+ (ro-p,)'),". 
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To within the above phase factor in the function I, which 
we have already investigated, let us set fJ1 = - ~ = fJ, ex­
press Zl and Zz in terms of the half sum and half differ­
ence of these quantities, and separate out the slowly 
varying terms in the integrand «3 and 0 are small), 
which provide the main contribution to the integral and 
correspond to the factor 

ReplaCing 0 1 by 0 in the denominator of the integrand 
in (7), and substituting w = tarup, we obtain 

'fl' xtg¢ (n n) 1= d1j;cos--cos -pZsin1j;+-tlsec¢ . 
"'.\ .\ 

(9) 
o 

When fJ = 0, the result given by (4) follows from (7). 
When 0 = 0 and x = 0, the expreSSion given by (9) becomes 

I='/,nlo(nZp/.\), (10) 

and, hence, it follows that the height of the central peak 
in the imaging function undergoes sharp (down to zero) 
oscillations when the disorientation fJ changes by an 
amount of the order of A/ Z, which corresponds to a 
change in the Bragg angle by a hundredth of a second 
under the conditions prevailing in the experiments de­
scribed in[2]. 

Disorientation of the interferometer plates also gives 
rise to the appearance of oscillations on the peak pro­
file. Thus, when 0 = 0 and x is small, we can obtain an 
estimate for the integral in (9) by replacing tanljJ by ljJ or 
sinljJ, which reduces the integral to the sum of Anger 
functions or Bessel functions, respectively, with an os­
cillatory dependence on both fJ and x. 

The sensitivity of the image to the disorientation of the 
interferometer plates is reduced somewhat by the thick­
ness-difference effect. Since the disorientation fJ is 
present in (9) in the form a linear combiantion with 0, it 
is clear that the contribution of one of the effects may, 
to some extent, be compensated by the second. It is 
readily seen, in particular, that when 0/ A ~ fJZ, the ar­
gument of the second cosine in (9) remains small within 
a considerable range of variation of ljJ, so that most of 
the height of the central peak is retained. In relation to 
the experiments described in[2], the above condition cor­
responds to an increase in the thickness difference by a 
few microns in order to compensate a disorientation of 
the plates of the order of a hundredth of a second of arc. 

The above approximate estimates have been improved 
and augmented by quantitative evaluations of the convolu­
tion (7) performed with the aid of a computer for the 
characteristic values of the parameters of the problem 
(Fig. 3). Curve 1 describes the shape of the peak for an 
equal-arm interferometer (Zl = Z2 = 13A) in the absence of 
disorientation. As the disorientation increases up to fJ 
= O. 029, which corresponds to the zero of the Bessel 
function in (10), the peak height is, in fact, found to fall 
to zero and the satellites appear (curve 2). When fJ 
= O. 089, which corresponds to the second maximum on 
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0.5 

FIG. 3. Effect of thickness difference 
and disorientation of interferometer 
plates on the shape of the central 
peak on the imaging function: 1-0 
=0, {3=0; 2-0=0, {3=0.029; 3-0 
=0, {3=0.089; 4-0=0.01Z, {3=0.029. 
The other parameters are the same 
as in Fig. 2. The peak intensity cor­
responding to (1) was taken as the 
unit intensity. 

the Bessel function in (10), the central peak reappears 
(curve 3). Compensation of the effect of disorientation 
i3 = O. 029 is aChieved for a thickness difference 
c5=0.005A,.,0.01Z (curve 4). In the case of the Si, MOKO! 
reflections, the above parameters correspond to disor­
ientations of 0.04" and 0.1" for the (220) reflection and 
0.016" and 0.05" for the (224) reflection when c5'" 9 J.J.. 

2. EXPERIMENTAL STUDY OF THE SPATIAL 
STRUCTURE OF THE IMAGE 

As theoretical estimates of the effect of the various 
factors on image structure and the quality of diffraction 
focusing became available, a comparison was carried 
out between theory and experiment and, on this basis, 
the design of the interferometers was improved. In all 
the experiments, we used interferometers consisting of 
silicon plates with Zl = Z2 = O. 45 mm, i. e., sufficiently 
thick in comparison with the extinction length [Z/ A,., 25 
for the (220) reflection and Z/ A,., 21 for the (224) reflec­
tion in the case of the Mo K O! radiation], and at the same 
time, sufficiently thin (J.J.Z-'" 1. 3) to ensure that absorp­
tion could not suppres!1fhe central peak relative to the 
background. The exp~r~ments were performed with the 
D-4C and RU-3HM instr~ments, using the A-3 cameras 
manufactured by Rigaky Denky and MoKO! radiation. 
The size of the projected focal spot in the direction of 
the reflection vector was 3-5 J.J.. The shaping slit was 
10 J.J. wide in all the experiments. The image was re­
corded photographically on MK plates. The Carl Zeiss 
G-II microdensitometer was used to record the intensi­
ty-distribution curves. For quantitative intensity mea­
surements, we used negatives on which the degree of 
blackness lay within the linear range of the characteris­
tics curve of the MK photographiC plate. 

In the initial experhnents, we tried to obtain maxi­
mum diffraction focusing by confining our attention to 
the (220) reflection for which the calculated diffraction 
broadening amounted to 1. 4 J.J.. However, in practice, 
similar results could be obtained with the more con­
venient (224) reflection corresponding to a diffraction 
broadening of - 3. 5 J.J.. 

When it was established that the diffraction broadening 
effect was masked by the more substantial contribution 
of the plate thickness difference and the nonmonochro­
matic character of the radiation, we concentrated out 
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attention on the (224) reflection for which the tolerance 
on the thickness difference c5 and incident-beam collima­
tion was less stringent, and the intensity of the diffracted. 
beam-especially the central peak-was greater, so that 
a considerable economy could be effected in the exposure 
time. 

To investigate the effect of the thickness difference, 
we constructed interferometers with wedge-shaped 
plates such that the diffraction vector was perpendicular 
to the wedge generator and each section through the in­
terferometer by the scattering plane corresponded to a 
definite value of the thickness difference. Figure 4 
demonstrates the focusing effect in one such interferome­
ter. As one departs from the section corresponding to 
equal plate thicknesses, the slit image gradually broad­
ens and splits. Figure 4 shows micrographs for the 
section with equal plate thickness, and for two sections 
a few millimeters away from this section. The compli­
cated structure of the image corresponds, according to 
Fig. 3, to an appreciable contribution of the disorienta­
tion of the plates. The fact that the theoretical esti­
mates of the influence of the disorientation effect were 
valid was verified by examining an interferometer with 
a dislocation. Band splitting of the kind shown in Fig. 
4 was found to begin at a distance of 1 mm from the dis­
location, which corresponded to a rotation of the lattice 
through an angle of O. 02". 

Figure 5 shows photographs and micrographs of the 
Ell' E 10' and EOl beams for one of the successful speci­
mens. The image width is 12 J.J. for the doubly diffracted 
beam, and 15 J.J. for the Ell and E10 beams, i. e., once 
reflected (in the first and second arms, respectively) 
and once transmitted. The overall spatial intenSity dis­
tribution is in good agreement with the theory for all 
three beams. [2] The broadening in the E 10 and Ell beams 
is up to 5 J.J. (calculated broadening 3.5 J.J.), and the 
broadening in the doubly diffracted beam is 2 J.J.. Fig­
ures 5a-5c show that the intensities of the central peak 
are not appreciably different, which leads to an inter­
esting estimate for the upper limit of the coherence 
length of the x rays. We note that the central peak on 
the imaging function for the E10 and Ell beams consists 

~ , -. ~ ~ < 

, .'\~ /Y'f{tJ 
i.'" 

.J .. ~ .. ~_d. .. 
FIG. 4. Image of slit in doubly diffracted beam obtained in 
interferometer with wedge-shaped plate [slit width 101', 
Si(224)MoKa]; a-general appearance of the central part of 
the topogram; b-micrograph for equal-thickness section; c 
and d-ditto for sections at 7 and 14 mm from the equal-thick­
ness position. 
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a b c 

FIG. 5. Image of slit and corresponding micrographs for the 
EI1 (a), E 10 (b), and EOI (c) beams in the case of the equal­
thickness interferometer [6<2j.1, slit width 10j.l, Si(224)MoKQ]. 

of two antisymmetric peaks of the form (x/lxl), 
x exp(- I x I / ~), according tom. Averaging of the imag­
ing function over the coherence length l = lo cosec,') of the 
wavefront in the case of narrow collimation is admis­
sible only provided2) that l«~. Hence, it follows that, 
in our case, lo« O. 4-1, 5 /J., where the first figure is 
given for the (220) reflection and the second for the (224) 
reflection, whereas the estimated lo based on the spec­
tral width of the MoKa1 line[l1J yields lo- 0, 3x 10-5 cm. 

Initially, the interferometer deSign was such that the 
geometry of the inner surface of the plates could not be 
controlled. To ensure reliable control of the thickness 
difference, we made II-shaped interferometers with a 
large gap between the plates, The thickness difference 
was then reduced to 1-2 /J., It was much more difficult 
to reduce the disorientation of the plates. An increase 
in the stiffness of the system did not in itself resolve the 
difficulty, and higher quality dislocation-free crystals 
had to be used, so that a search had to be carried out 
for specimens with weakly defined growth zones, i, e, , 
the plates had to be chosen by trial and error, 

In several cases, the diffraction broadening was al­
most in agreement with the calculations, The intensity 
ratio for the image and background was, in the best 
cases, 30-40 instead of the figure of 100 in Fig, 2, This 
difference was due either to slight disorientation of the 
plates (one-hundredth of a second of arc was enough), or 
a slight spreading of the wave packet in the gap between 
the plates, Independently of the solution of this difficult 
problem, the diffraction focusing achieved in our work 
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enables us to proceed to a practical realization of the 
new x- ray optics devices proposed in [1J , In particular, 
a spectrometer with the diffraction lens[6J has already 
been tested, and a high-luminosity achromatic lens has 
been developed, The first experiment on the transmis­
sion of an x-ray image has been carried out, [7J More­
over, further studies of the effects associated with finite 
x-ray coherence lengths has been carried out, [12J 

The authors are greatly indebted to V. I. Nikitenko for 
his constant interest in this research and active assis­
tance in the experiments, Yu. M. Kagan' and V. I. Iver­
nova for useful discussions of the results, and A. M. 
Arustamyan for control calculations based on theoretical 
estimates of the influence of absorption and disorientation 
on the focusing effect. 

ilThe same conclusion can be obtained directly by considering 
the contribution ofthe'monochromatic waves forming the wave 
train. A similar device enables us to take into account the 
angular divergence of the primary beam (spherical aberra­
tion) , which results in a certain compression of the wave 
packet (Kato focusing) at the entrance surface which does 
not result in considerable distortion of the fOCUSing effect. 

2)The same result follows from the estimate given by (3 ') for 
the spectral interval which includes, for narrow collimation, 
waves with I f3 I ~ 1 that are necessary to achieve high inten­
sity of the image at the center of the E 10 and EI1 beams. 
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