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[5 7 ] ABSTRACT 

A method of X-ray diffraction topography of mono 
crystals, consisting in irradiation of every point of an 
investigated area of the cross-section of a monocrystal 
by X-rays and separation of the radiation diffracted at 
a speci?c angle from said every point of the investi 
gated area of the cross-section of the monocrystal, si 
multaneously for all these points of the investigated 
area. An apparatus for X-ray diffraction topography of 
monocrystals, realizing the above method, comprising 
a source of X-rays and an investigated monocrystal, a 
collimator, a radiation detector and a means for re 
cording the topogram of the monocrystal, positioned 
successively in the path of the X-radiation. The colli 
mator, of which the direction of collimation is ori 
ented at a speci?ed orientation angle in relation to the 
crystallographic axes of the monocrystal, is in the 
form of a two-dimensional matrix of parallel capillar 
ies. 

3 Claims, 2 Drawing Figures 
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METHOD OF X-RAY DIFFRACTION 
TOPOGRAPHY OF MONOCRYSTALS AND 
APPARATUS FOR EFFECTING SAME 

BACKGROUND OF THE INVENTION 

The invention relates generally to methods of detec 
tion of flaws in the crystalline structure of solids and to 
apparatus for effecting same, and more particularly, it 
relates to methods of X-ray diffraction topography of 
monocrystals and to apparatus for effecting same. 
There are known methods of X-ray diffraction topog 

raphy of monocrystals, wherein all the points of an in 
vestigated area of the cross-section of a monocrystal 
are irradiated by X-rays, whereafter the radiation dif 
fracted at a speci?ed angle from all the points of the in 
vestigated area of the cross-section of the monocrystal 
is separated, and the topogram of the monocrystal is 
obtained. 

In these known methods, the recording of the topo 
graphic images of all the points of the investigated area 
of the cross—section of a monocrystal is effected either 
by obtaining the complete diffraction image of a given 
point (e.g., with the use of a photographic ?lm), sepa 
rating only the diffracted radiation corresponding to a 
speci?ed angle (or to de?ection from the angle), or 
else by setting the receiving slot (e. g., that of a scintilla 
tion detector) directly to a position corresponding to 
this speci?ed angle and by transmitting the electric sig 
nal produced by this detector to a recording device to 
register the information representing the state of the 
monocrystal at this given point of the cross-section 
thereof. 
When passing from one given point to another, there 

is shifted either the photographic ?lm, to produce the 
complete diffraction image of this other point, or else 
the cording device, so that the latter will register in this 
new position the information representative of the 
flaws of the crystalline structure of the monocrystal in 
this other point. 
Apparatus for X-ray diffraction topography of mono 

crystals, are also known in the art realizing the above 
known methods. 

In these known apparatus, the radiation from a 
source of X-rays is diffracted on a monocrystal being 
investigated, whereafter this diffracted radiation is 
made to pass through a collimator of which the direc 
tion of collimation is oriented at a speci?ed orientation 
angle in relation to the crystallographic axes or the re 
ticular planes of this monocrystal and to fall on a radia 
tion detector and a device for recording the topogram 
of the monocrystal. 

In these known apparatus, the source of X-rays is in 
the form of an X-ray tube producing either a narrow 
beam of X-rays, or else a beam which is subsequently 
collimated, while the collimator, oriented at a speci?ed 
angle in relation to the crystallographic axes of the in 
vestigated monocrystal, is in the form of a single chan 
nel which, more often than not, is the receiving slot of 
the detector, oriented at a speci?ed angle in relation to 
the axes of the monocrystal. 
When these known apparatus are operated, the in 

vestigated monocrystal and the recording device are 
synchronoulsy displaced relative to the X-ray beam 
that is ?xed in space, whereby the recording device reg 
isters unambiguously the intensity of the radiation 
transduced by the detector, as a function of the posi 
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2 
tion of the monocrystal in respect of the beam of X 
rays falling thereupon. 
A disadvantage of the above described known appa 

ratus realizing the known methods is the necessity of 
ensuring high-precision adjustment of the system, as 
well as high-precision mechanical displacement of the 
monocrystal, accurately synchronized with the accom 
panying displacement of the recording means. 
Among the short comings of the complicated process 

of topography effected by these known appartus realiz 
ing the known methods are the relatively slow rate of 
the investigation as well as the impossibility of subject 
ing the investigated monocrystal to any additional ac 
tion directly in the process of topography. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to develop a 
method of X-ray diffraction topography of monocrys 
tals, which will provide for speeding up the process of 
obtaining topograms of monocrystals. 
Another object of the present invention is to develop 

a method of X-ray diffraction topography of monocrys 
tals, which will also provide for investigating the dy 
namics of origination and development of flaws in the 
crystalline structure of monocrystals. 

Still another object of the present invention is to pro 
vide an apparatus for X-ray diffraction topography of 
monocrystals, realizing the above method. 
A further object of the present invention is to provide 

an apparatus for X-ray diffraction topography of mono 
crystals, which will provide for elimination of any me 
chanical displacement of the units of the apparatus in 
the process of topography. 
These and other objects are attained in a method of 

X-ray diffraction topography of monocrystals, consist 
ing in irradiation of every point of an investigated area 
of the cross-section of a monocrsystal by X-rays, sepa 
ration of the radiation diffracted at a speci?ed angle 
from every said point of the investigated area of the 
cross-section of the monocrystal and obtaining the 
topogram of the monocrystal, in which method, in ac 
cordance with the present invention, the separation of 
the radiation diffracted at a speci?ed angle from every 
the point of the investigated area of the cross-section 
of the monocrystal is effected simultaneously for every 
the point of the investigated area. 

In an apparatus for realizing the herein disclosed 
method of X-ray diffraction topography of monocrys 
tals, wherein the radiation from a source of X-rays is 
diffracted on a monocrystal, whereafter the diffracted 
radiation is made to pass through the main collimator 
of which the direction of collimation is oriented at a 
speci?ed angle in relation to the crystallographic axes 
of the monocrystal and to fall upon thhe radiation de 
tector to be registered by a recording means, in accor 
dance with the present invention, the main collimator 
includes a two-dimensional matrix of parallel capillar 
res. 

It is advisable that the apparatus include an auxiliary 
collimator positioned upstream of the monocrystal in 
the direction of the X-radiation, the direction of colli 
mation of the auxiliary collimator being oriented at an 
angle in relation to the crystallographic axes of the 
monocrystal, which is equal to the angle of orientation 
of the main collimator, so that the X-radiation that has 
passed through the auxiliary collimator will also pass, 
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after having been diffracted on the monocrystal, 
through the main collimator. 
Due to such an embodiment of the herein disclosed 

apparatus for X-ray diffraction topography of mono 
crystals, realizing the herein disclosed method, the dis 
tance between the source of X-rays and the radiation 
detector can be reduced to 2.0 mm to 10.0 mm, which 
results in a substantial reduction of the time of obtain 
ing a topogram. 
Furthermore, the herein disclosed apparatus realiz 

ing the herein disclosed method, due to the separation 
of the radiation diffracted at a speci?ed angle from 
every point of the investigated area of the cross-section 
of the monocrystal simultaneously for all the points, as 
well as to the reduced time of topography, makes it 
possible to investigate the dynamics of origination and 
development of various ?aws in the crystalline struc 
ture of monocrystals, directly in the process of manu— 
facture of various semiconductor devices (p-n junc 
tions, integral circuits incorporating monocrystals). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further described in 
connection with an embodiment thereof, with referece 
being had to the appended drawings, wherein: 
FIG. 1 is a schematic view of an apparatus for X-ray 

diffraction topography of monocrystals, realizing the 
herein disclosed method; and 
FIG. 2 is an enlarged perspective view of portion “A” 

of FIG. 1. . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now in particular to the appended draw 
ings, the apparatus for realizing the method of diffrac 
tion topography of monocrystals in accordance with 
the present invention, comprises a source 1 (FIG. 1) of 
X-rays and the following units positioned along the 
path of the radiation coming from this source 1: a colli 
mator 2, an investigated monocrystal 3 (silicon) in the 
form of a flat-parallel plate possessing pre-established 
crystallographic characteristics (syngony, lattice spac 
ing, orientation of the crystallographic or reticular 
planes in relation to the face planes), at collimator 4, a 
detector 5 and a means 6 for recording the topogram 
of the monocrystal 3. 
The collimator 4 is the main collimator of which the 

direction of collimation is oriented at a speci?ed orien 
tation angle (which is the Bragg angle 6) in relation to 
the crystallographic axes of the monocrystal 3. The. col 
limator 4 is in the form of a two-dimensional matrix 
made up by a system of parallel capillary tubes 7 (FIG. 
2), the diameter of these capillary tubes being approxi 
mately 20 microns. 
However, in an apparatus embodying the present in 

vention, the main collimator may be in the form of a 
two-dimensional matrix made up by a system of parallel 
capillaries of any suitable shape and size. 
The collimator 2 is the auxiliary collimator which has 

a structure similar to that of the main collimator 4, i.e, 
it is a two-dimensional matrix including a system of par 
allel capillaries 8, the direction of collimation of this 
auxiliary collimator 2 being oriented at an orientation 
angle in relation to the crystallographic planes of the 
monocrystal 3, which is equal to the orientation angle 
of the main collimator 4, whereby the X-radiation that 
has passed through this auxiliary collimator 2 is made 
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4 
to pass, after having been diffracted on the monocrystal 
3, through the main collimator 4. 
However, the structure of the auxiliary collimator 

may be different from that of the main collimator, as 
far as both the shape and the arrangement of the capil 
laries of the matrix are concerned. 

It is possible to embody an apparatus realizing the 
method according to the present invention, having only 
the main collimator. However, in this embodiment, the 
contrast of the topogram on the detector is not as good. 

The source 1 of X-rays in the presently described em 
bodiment is in the form of a high-voltage cathode ray 
tube incorporating a target anode 9 which is a coating 
on the beryllium outlet window 10, a cathode l1 and 
a deflection system 12, electrically connected to a 
power unit 13 including a scanning control system. 
The detector 5 in the presently described embodi 

ment is in the form of a target of an X-ray responsive 
television-type transmitting tube 14 incorporating a 
cathode l5 and a deflection system 16, electrically con 
nected to a power unit 17 including a scanning control 
system. 
The means 6 for recording the topogram of the 

monocrystal 3 is in the form of a television-type receiv 
ing cathode ray tube electrically connected to the 
transmitting tube 14. 
However, an apparatus realizing the herein disclosed 

method of X-ray diffraction topography of monocrys 
tals may employ any other known kind of radiation de 
tector (photographic ?lm included) capable of an un 
ambiguous registration of the position of a point on a 
plane and of the intensity of the radiation correspond 
ing to this point. If a photographic ?lm is employed as 
the radiation detector, it would then serve both as the 
detector and the means for recording the topogram of 
a monocrystal. 
The herein disclosed apparatus further incorporates 

a means (not shown) for ?xing in place the source 1 of 
X-rays, the monocrystal 3, the collimators 2 and 4 and 
the detector 5, proving for the adjustment of the re~ 
spective positions of the above-listed components and 
ensuring rigid ?xation thereof in the course of produc 
tion of a topogram. 
The operation of the herein disclosed apparatus for 

X-ray diffraction topography of monocrystals, realizing 
the method in accordance with the invention, is as fol 
lows. 
When a negative potential of 10 to 40 kV is applied 

to the cathode 11 (FIG. 1) of the cathode ray tube 1 
(the target anode 9 of the tube being grounded), there 
is produced, across the target anode 9, an X-radiation 
18 which issues in the form of a wide cone. 
The collimator 2 selects from this cone 18 of X-rays 

only that direction 19 of radiation which is directed at 
the Bragg angle 0 in relation to the selected system of 
the reticular planes of the monocrystal 3 being investi 
gated. 
However, if the auxiliary collimator is omitted from 

the structure of the apparatus, the monocrystal itself 
would select the required direction from the cone of 
the X-rays, but then the signal-to-noise ratio at the de 
tector would not be as good. 
As a result of the diffraction of the X-rays on the in 

vestigated area of the cross-section of the monocrystal 
3, there emerges from the latter monochromatic radia 
tion originated by the material of the target anode 9 as 
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a beam 20 of parallel rays, oriented in a direction de 
pending on the Bragg angle 6 for the given type of the 
monocrystal 3 as a whole and also weakened dissipated 
radiation (not shown). The radiation passes through 
the capillaries 7 of the collimator 4, whereby the radia 
tion diffracted at a speci?ed angel (the Bragg angle 0), 
is separated in the form of the above-mentioned beam 
20 of parallel X-rays from every point of the investi 
gated area of the cross-section of the monocrystal 3, 
simultaneously for every point of this investigated area. 
This beam 20 of parallel X-rays falls upon the detector 
5 in the form of an image of the topogram of the cross 
sectional structure of the investigated area of the 
monocrystal 3. The detector 5 transmits this image of 
the topogram to the recording device 6, i.e. to the 
television-type receiving tube. 
The dissipated radiation and the radiation diffracted 

at other angles is substantially weakened by the mate 
rial of the collimator 4. 

If, in the course of initial positioning of the compo 
nents, the angle between the selected system of the 
crystallographic (reticular) planes of the the monocrys 
tal 3 and the direction of collimation of the collimator 
4 is not equal to the Bragg angle, the monocrystal 3 is 
coarsely angularly adjusted, until an image appears on 
the screen of the receiving television-type tube, in 
which position the monocrystal 3 is retained. The same 
result can be obtained by rotation of the collimator 4. 
Thereafter the collimator 2 is introduced to step up the 
contrast of the image. > 

If a series of monocrystals of a single type is to be in 
vestigated, the collimators 2 and 4 are so selected, that 
the angle between the face planes of the monocrystal 
3 and the direction of collimation of the collimators 2 
and 4 are equal to the Bragg angle for this type of 
monocrystals. In this case, the relative positioning of 
the collimators 2 and 4 is adjusted but once and re 
tained throughout the entire series of investigations. In 
this way, relative positioning and adjustment of the col 
limators 2 and 4 and the monocrystal 3 is substantially 
simpli?ed. When monocrystals of a different type are 
to be investigated, the whole collimator assembly is re 
placed. - 

While the primary electron beam approximately 20 
microns in diameter scans the target anode 5, a corre 
sponding beam of X-rays successively traverses the in 
vestigated monocrystal 3. In each point of the investi 
gated area, provided that the Bragg condition for the 
monocrystal as a whole is observed therein, there takes 
place diffraction of the incident beam, and the dif 
fracted beam, after having passed through the collima 
tor 4, is received by the detector 5. 

Irradiation by X-rays of the entire cross-sectional 
area of the monocrystal may be effected simulta 
neously as well,‘ and this would not constitute any de 
parture from the scope of the present invention, but in 
volve the incorporation of a source of X-rays which is 
at present unpro?table from the point of view of its spe 
ci?c power output; on the other hand, the incorpora 
tion of the source of X-rays with a scanning beam is 
preferable becuase with the same power consumption 
its capacity is greater by 3 to 4 orders of magnitude. 

All the components of the herein disclosed apparatus 
being rigidly ?xed throughout the process of obtaining 
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6 
a topogram of the monocrystal 3, there is offered a 
principally new possibility of repeating a series of inves 
tigations of the same rigidly ?xed monocrystal 3 sub 
jected to various kinds of external action, e.g., mechan 
ical, thermal, etc. 
The herein disclosed apparatus realizing the method 

in accordance with the present invention may be suc 
cessfully employed for control of the quality of mono 
crystals, as part of production of various semiconduc 
tor and laser devices. Due to speedy obtainment of a 
topogram and to the simplisity in operation and main 
tenace, the herein disclosed apparatus may be em 
ployed, for instance, for mass control of monocrystals 
in the manufacture of integral circuits. 
Furthermore, the apparatus realizing the herein dis 

closed method may be employed in scienti?c research, 
since it enables the investigation of the dynamics of the 
development of various flaws in the crystalline struc 
ture of monocrystals in the course of their growth, as 
well as those resulting from an external action. 
What is claimed is: 
1. A method of X-ray diffraction topography of 

monocrystals, comprising the steps of: irradiating every 
point of an investigated area of the cross~section of a 
monocrystal by X-rays; separating the radiation dif 
fracted at a speci?ed angle from every point of the in 
vestigated area of the cross-section of the monocrystal 
simultaneously for all the points of the investigated 
area from the radiation diffracted at all other angles; 
and providing a topogram of the monocrystal. 

2. An apparatus for X-ray diffraction topography of 
monocrystals, said apparatus comprising: a source of 
x-rays; an investigated monocrystal positioned behind 
said source of X-rays in the path of the radiation issuing 
therefrom — so that said radiation is diffracted by said 
monocrystal; a main collimator positioned behind said 
investigated monocrystal in the path of said defracted 
X-radiation being formed as a two-dimensional matrix 
of parallel capillaries the direction of collimation of 
said main collimator being oriented at a given angle to 
the crystallographic axes of said investigated mono 
crystal and through which the radiation diffracted at 
the given angle to the crystallographic axes of said in 
vestigated monocrystal passes from each point of the 
cross-section of said investigated monocrystal with the 
exclusion of radiation diffracted at all other angles; a 
detector positioned behind said main collimator in the 
path of said diffracted X-radiation so that said dif 
fracted X-radiation falls on said detector; and means 
for recording topogram of said monocrystal, said re 
cording means positioned behind said detector in the 
path of said diffracted X-radiation. 

3. An apparatus as claimed in claim 2, further com 
prising an auxiliary collimator positioned in front of 
said investigated monocrystal in the path of said X 
radiation, the direction of collimation of said auxiliary 
collimator being oriented at an orientation angle in re 
lation to said crystallographic axes of said investigated 
monocrystal which is equal to said orientation angle of 
said main collimator so that said X-radiation passing 
through said auxiliary collimator is made to pass, after 
having been diffracted on said monocrystal, through 
said main collimator. 

* * * * * 


