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[57] ABSTRACT 
An X-ray diffraction apparatus comprising means for 
rotating a specimen in the path of an X-ray beam and 
means for rotating a diffraction slit simultaneously 
with the specimen but at a lower angular velocity, so 

- that the X-ray irradiated portion of the specimen re 
mains substantially constant in size during such rota 
tlOl'l. 7 

7 Claims, 5 Drawing Figures 
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X-RAY DIFFRACTION APPARATUS 

BACKGROUND OF THE INVENTION 
The present invention relates to an x-ray diffractome 

ter apparatus. 
Generally, an X~ray diffraction apparatus comprises 

a source of X-rays and divergence slit through which 
X-rays pass toward a specimen that is to be analyzed by 
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X-ray diffraction, the divergence slit serving to form an '0 
X-ray beam having desired geometric characteristics. 
During X-ray diffraction analysis the specimen being 
investigated is rotated about an axis lying in its upper 
?at surface, to cause the X-raybeam to impinge upon 
the specimen at various angles, the rotation being so 
that the angle (0) between the specimen surface and a 
line drawn from the X-ray source to the center of the 
irradiated portion thereof ranges between 0° and 90°. 
During such X-ray diffraction analysis the diver 

gence slit remains stationary, so that, because of the 
rotation of the specimen with respect to the diver 
gence slit and as a result of geometric considerations, 
the area of the specimen irradiated by the X-ray beam 
varies between a relatively small amount when the 
value of 6 isrhigh ‘(e>_.g;,_80°) and arelatively large amount 
when the value of 6 is low (e.g., l0°). Such variation 
of the‘ irradiate area is highly undesirable because 
of numerous adverse effects on the accuracy and 
reliability of the analysis. . ' 

To cope with such variation of the irradiated area, 
the prior art has resorted to using, during each diffrac 
tion analysis, stationary divergence slits of various ?xed 
sizes, with larger slit openings being employed for large 
0 values and smaller slit openings being employed for 
smaller 6 values, thereby tending toequalize the irradi 
ated area of the specimen as it is rotated over the range 
of 6 values. Such a practice is undesirable because in 
terchanging the divergence slits is 'a time-consuming 
process and because it is necessaryto have available a 
number of such divergence slits of various sizes, which’ 
can be an expensive proposition, and even more imporg 
tant, because interchaning thedivergence slits still re 
sults in a significant amount of variationin the X-ray 
irradiated of the specimen. , ‘ 
While the prior art has proposed various method for 

controlling the irradiated specimen area (see, for ex 
ample, M. Loisel, “Bulletin de la Societe Francaise de 
Ceramique," Issue No. 90, Jan. March 1971, pp. 55 et 
seq.) such have not been fully desirable nor useful, by 
reason of, inter alia, their operating on a gross scale 
that is insufficiently precise for the very important 
small angular values (9) of specimen orientation. 
The present invention overcomes, the above short 

comings by providing an apparatus permitting the rota 
tion of the divergence slit in conjuction with the rota 
tion of the X-ray irradiated specimen, whereby the di 
mensions of the X-ray irradiated portion of the speci 
men remain substantially constant during the rotation 
of the specimen. In a preferred embodiment, the diver 
gence slit is connected to a structural'element linked 

_ with a second structural element connected to the 
specimen such that the divergence slit rotates at a 
lower angular speed than the specimen such that the 
X-radiation is cut off from the specimen when the 0 
value reaches zero. 
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DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic representation of a prior art 

X-ray diffraction apparatus. 7 

FIG. 2 is an isometric view of the X-ray diffraction 
apparatus of thepresent invention. 

FIG. 3 is a schematic representation depicting a fea 
ture of the present invention. 

FIG. 4 is a fragmentary sectional elevation view of a 
diffraction slit of the type employed in the present in~ 
vention. ‘ 

FIG. 5 is a number of curves depicting results ob 
tained with the present invention. 

THE PREFERRED EMBODIMENT 

FIG. 1 depicts the situation in the prior art where the 
X-ray diffraction specimen 10 is rotated with respect to 
a stationary divergencejslit 11 through which there 
passes X-radiation 12 from a source 13. When the 
specimen 10 is acutely disposed (i.e., 0,, is less than 
90°) to an imaginary line 14 extending between the 
X-ray source and the center of the irradiated portion of 
the specimen, the portion of the specimen impinged by 
the X-radiation has a dimension SA, whereas the im 
pinged portion dimension Sb.when when 0,, equals 90° 
(shown in broken lines) is substantially less than S A. 
Such deviations in the dimensions of the X-radiation 
impinged portion of the specimen are unsatisfactory, as 
mentioned above. 
FIG. 2 depicts a portion of the X-ray diffraction ap 

paratus 20 in accordance with the present invention, 
containing and‘ X-ray line source 22, as so-called 
“Soller slit“ assembly 24, a rotatable divergence slit 25 
mounted via a shaft to a cog wheel 26, a specimen 
holder 27 connected to a second cog wheel 28, the 
X-ray diffraction - analysis specimen 29 which is 
mounted on the holder 27, the second cogv wheel 28 
being driven by'a drive shaft 30 whose rotatio'ii speed 
is co-ordinated with the rotation speed of the goii‘iome 
ter'(not shown) used with the diffraction apparatus, a 
mechanical linking means 31 (i.e., cog belt) linking the 
'cog wheels 26 and 28, and a receiving slit 32, a Soller 
slit 33 and an anti-scatter slit 34 all (i.e., 32, 33, and 
34) located between the specimen and the detector 35. 
It is essential that the divergence slit'cog wheel 26 in 
‘clude a number of teeth greater than that of the speci 
men cog wheel 28 (i.e., a slit cog to specimen cog tooth 
ratio greater than 1) so that the former rotates at a 
lower angular speed (i.e., provides a smaller corre 
sponding angular displacement) than the former, it 
being especially preferred that the tooth ratios of these 
cog wheels be adjusted such that the beam be cut off 

' from the specimen upon the 6 value reaching zero de 
grees and that the slit plane and the irradiated speci 
men surface be substantially parallel when 6 is 90°. 
By way of the explanation, reference is made to FIG. 

. 3 where there are depicted the divergence slit cog 
wheel 26 and the specimen cog wheel 28 that are 
linked by a mechanical coupling (i.e., cog belt 31). The 
specimen cog wheel 28 has a certain number, N, of 
teeth (not shown) while the divergence slit cog wheel 
26 has a larger number, N’, of cog teeth (not shown). 
When the specimen cog wheel 28 is rotated by a certain 
angular displacement, the slit cog wheel 26, too, rotates 
by a given angular displacement, the total angular dis 
placement, 0' of the slit cog wheel 26 being determined 



. r 3 , 

from the following relationship‘based on geometric 
considerations: ' 

where 0 is the angular displacement of the specimen 
cog wheel 28 and 6,, ’ is the initial angular displacement 
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of the slit cog wheel 26 with respect to specimen cog ' 
wheel 28 (i.e., the initial angular disposition of the slit 
with respect to the specimen irradiated surface). By 
virtue of the diffraction slits having a ?nite thickness, 
the beam is cut off from the specimen before 6’ reaches 
zero, so that the geometry ofthe diffraction slit should 
be considered in order that X-ray beam extinction 
occur (i.e., the beam is cut off from the specimen), 
under optimal conditions, when 6 equals exactly 0°. 
Therefore, assuming a diffraction slit having substan 
tially the geometry shown in FIG. 4, wherein r repre 
sents ‘the radius ofjthe cylindrical slit-de?ning portion 
40 de?ning the slit opening 42, w represents the width 
of the opening ‘42 and t represents the thickness of the 
slit-de?ning body 43. While the slit is shown with cylin 

efining portions, other geometries can be 
,‘ rectangular slit-definingportions. An imagi 

nary line from and tangent to one face 44 of the slit-7 
de?ning portion 40, to and tangent to the opposite such 
face 46 forms an angle, c, with the slitde?ning body 43. 
Therefore, the following expressions can be derived. 
Where 

(liq. 2) 
the extinction, or beam cut off, angle, e, can be deter 

1 mined by the following expressions: 

sin e = r/k so that e = sin“ (r/k) 

. (Eq~ 3) 

Optimally, X-ray beam extinction occurs exactly when 
6 = 0,50 that it is preferred that 0’ = e at 0= 0. Substiti 
uting these conditions into Equation 2 under this opti 
m'al condition results in the expression: ~ 

i if 0,, ‘ isgreater-than e, the length (S) of the X-ray ir 
radiated portion of the specimen increases rapidly as 6 
approaches zero. whereas a value of 60’ less than 6 
results in a decrease of the irradiated portion lengths 
as 6 approaches zero. The latter situation ' (i.e., 
9o’ ' < e) results in premature extinction. in that the 
irradiated portion length is zero at some 0 value 
greater than zero. , _ Y ' 

it is further optimal that 0' = 90° when 0 = 90°, so 
that'there is achieved an irradiated specimen portion of. 
maximum length for values of 6 approaching 90°. 
Re-writing Equation 4 to satisfy this second optimal 

condition ‘ 

0’, = 90° = N/N’ (90) + e 

(Eq. 5) 

N/N' = 90 — 6/90 

(Eq- 6) 
. Equation 6 establishes the condition that must be met ’ 
by numbers N and N’ of cog wheel teeth. N and N‘_ 
must also, ‘of course, be integers. In practice, one picks 
values that most'closely satisfy Equation 6. 

4 

EXAMPLE 1 

Using a diffraction slit having a cylindrical slit 
de?ning body with a radius r of 0.60 mm, a body thick 
ness t of 1.20 mm, and a slit opening width w of 5.00 
mm, the value k of the diffraction slit is 3.10 mm and 
the extinctionan'gle, e, is determined from Equation 3 
to be 11° l0’.-Therefore, when 6 = '0, 0,,’ should opti 
mally be 11° l0 and, as a second optimal condition, 
when 6 = 90°, 6’ should also be 90°. From Equation 6, 
the cog tooth number ratio, N/N' for the specimen and 

- slit cog wheels should be about 79:90 for maintaining 
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an irradiated specimen portion of substantially con 
stant dimensions, this being done automatically during 
the specimen rotation. - i I 

Using the values 6,, ’ = ll°0 feet and’ ‘an NrN' tooth 
number ratio of 79:90 and assuming a distance of 
172.00 mm, between the center of the irradiated speci 
men portion and the X-ray source and a distance of 
72.00 mm between the X-ray source and the slit cen 
ter, the length, S, of the irradiated portion of the speci 
men was calculated for 0 valves over the range of 0° to 
90°, the resulting S values being shown as Curve l in 
FIG. 5. In this situation 0’ equals 90° when 6 is 90°. 
.With these same values, except for 0,, ' = 1 1° 10 feet, 
the length S of the irradiated portion of the specimen 
was calculated for 0 values over the range of 0° to 90°, 
the resulting S values being shown by Curve ll in FIG. 
5. The signi?cant‘ improvement provided by setting 0,, 
' at exactly the value of e is seen from the comparison 
of these curves, the length, S, of the irradiated portion 
in Curve ll not exhibiting the relatively sharp drop for 
the S value for very low 6 values i.e., about 6 = 5°. With 
these same values, except for 6,, ’ and a tooth ratio N:N 
’ of 90:90 for the slit and specimen cog wheels, the S 
value was calculated over the range of 6 = 0 to- 0 = 90°, 
the results being depicted as Curve ill in FIG. 5. The 
signi?cant improvement provided by the present inven 
tion is seen-from the comparison of these Curves, the 
length, S, of the irradiated portion remaining substan 
\tially'constant over substantially all'of the range be 
tween 6 = Oto 0 = 90° (Curves land ll) when the slit 
cog: specimen cog tooth ratio is greater than 1 (i.e., 
90:79), whereas, as shown by Curve Ill, the length, S 
drops dramatically for 0 values below about 0 = 50° and 
is zero at about 8 = 12° for the situation where the cog 
wheels have the same number of teeth (i.e. N = N’). 
Thus, the present invention permits achieving an irra 

diated specimen portion of substantially constant di 
mensions over the rotation range for analyzed speci 
men. While setting 0,,’ at exactly eleads to a deviation 
of 0’ from 90° when 6 equals 90°, it is felt to be more _ 
preferable to set 6.,’ at exactly the value of the extinc~ 
tion angle,,e, notwithstanding the fact that 6' ‘will not 
equal 6 at 6 = 90’, in order to avoid the drop in S 
values about 0 equals 5° and less. 
- lclaim: . 

1. An X-ray diffraction apparatus comprising: 
a. a source of X-rays; 
b. means for holding an X-ray diffraction specimen 

in the path of said X-ray beam such that a portion 
of said specimen can be impinged by said beam; 

c. means for‘ rotating said specimen at a first angular 
velocity from a ?rst position‘ to a second position; 
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cl. a diffraction slit disposed between said specimen 
and said source such that said X-rays pass throug 
the opening of said slit; ' 

e. means for rotating said diffraction slit simulta 
neously with the specimen, ‘said di?‘raction slit 
being so rotated at a second angular velocity lower 
than said ?rst angular velocity; and ' 

f. means for measuring the intensity of X-rays re 
?ected from said specimen, whereby said irradi 
ated portion remains substantially constant 
throughout the rotation of said specimen. 

2. An'X-ray diffraction apparatus as de?ned in claim 
1, wherein at said ?rst position said position is substan 
tially perpendicular to an imaginary line ‘extending 
from said X-ray source to the center of said portion and 
said second position said portion is substantially paral 
lel to said imaginary lines and said diffraction slit is ro 
tated between third and fourth positions, said diffrac 
tion on slit at said third position being substantially par 
allel to said specimen at said third position being sub 
stantially parallel to said specimen at said ?rst position 
and at said fourth position being obliquely disposed to 
said specimen at said second position. 

3. An X-ray diffraction appparatus as de?ned in 
claim 1, wherein said means for rotating said specimen 
comprises a ?rst cog wheel and said means for rotating 
said diffraction slit comprises a second cog wheel 
driven by said ?rst cog wheel. 7 

4. An X-ray diffraction apparatus as de?ned in claim 
3, wherein the gear ratio of said ?rst cog wheel to said 
second gear wheel is less than one. 

5. An X-ray diffraction apparatus as de?ned in claim 
4, wherein said ?rst gear wheel is mechanically linked 
to and drives said second gear wheel. 
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6 
6. An X~ray diffraction apparatus as de?ned in claim ‘ 

3, wherein the angular displacement 6' of said second 
gear wheel is determinable from the expression: 

where N and N’ are the teeth numbers for said ?rst and 
. second gear wheels, respectively; 

0 is‘ the angular displacement of said ?rst gear wheel; 
and 1 ' 

e is the angular orientation of said second gear wheel 
when said beam iscut off from said specimen lo 
cated at said second position. 

7._ A method of operating an X-ray diffraction appa 
ratus comprising the steps of: r 

a. providing an X-ray beam source; 
b. providing an X-ray diffraction specimen disposed 

at an angle of substantially zero degrees with re 
spect to said X-ray beam; 

c. providing an X-ray diffraction slit between the 
source of said beam and said specimen, said dif 
fraction slit being disposed at substantially the ex 
tinction angle thereof when said specimen is dis 
posed at 0° with respect to said beam, said speci 
men being rotatable over a range of said angles of 
from zero to about 90° and said slit being rotatable I 
at a lower angular velocity than said specimen and 
over an angular range extending from said extinc 
tion angle to about 90°; 

d. irradiating said specimen with said X-ray beam and 
simultaneously rotating said specimen and said slit 
over said ranges of angles; and 

e. measuring the intensity of X-rays reflected from 
said specimen. 
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