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X-RAY SPECTROGRAPH

Jeshua Ladell Flushlng, and Nathan Splelberg, Harts--

dale, N.Y., assignors to North American- Philips Com-

Flled Nov. 23 1959 Ser. Ne 354 674
6 Clamls. N (Cl 250—-—51 5)

Our mventren relates te an X-ray spectrograph and

A '-,_mere particularly, to an X-ray spectrograph for determin-
o -'mg nen-destruettvely, the composition of a: rnaterral B
o Ina eependmg appheanen Serial No. 771,621, ﬁled_
o -Nevernber 3, 1958, now U.S. Patent 3, 046,399, -there is .
“described an X-ray spectrograph for determining the con- 19
o _'stltuent elements - of .the material simultaneously rather
- . than serially.

- Since each element enuts eharactenstle X-rays_
‘erent wave-lengths, a d1ffraet1ng crystal

Anether eb]eet of the invention is to ebtaln a htgher

_j_i;---_'.'-_:ffr_-_;1ntensrty ef the eharacterrsue X-rays frern a emaller :
- .'source. L T S
A further eb]eet ef our mventren is to reduce the baek-'- o
'f._'-'i’grennd and seatterlng effects by ntrhzmcr reeemng slltsf-
;-and detectors.of sz | -
SN Anether object of our mvennen is to. snnphfy the shleld-' |
- 1ng requrred with: such instruments.- S - -
~+ . These and further objeets of the mventmn wﬂl appear ;
| fﬁf_as the specification progresses. . - o |
o In accordance with our mventmn we empley a erystal'

aller cross- seetten

- 'spendlng te eaeh uef the elements at dr Terent angles there-' :
by permitting’ simultaneous detection of several wave-
 lengths, but also one which focusses each-of the wave-
- lengths. at a series of points eenvenlently located on-a’
en'cle, heremafter referred to as the: “feeussmg circle.”

“Thus, in accordance w1th our 1nvent10n we employ a

.i-,;‘*__'erystal Whleh not only satrsﬁes ‘the general eendttlens B
- specified in the aforesaid copending application, ‘ie., a
- crystal which has been prepared to reflect each: wave-
7+ 'length at an angle: determined by the reelpreeal lattlee;_
':__f_;jf_"-1"i"'censtruet10n of the erystal ‘but is also ‘deformed” into a
- curved surface so as to converge each of these wave-
“ lengths at a point on the focussing circle.
. tion may either be plastre or elastic.or beth 'For elastic
- crystals, the crystal is bent and. tneehanteally constrained -
""120 r
~able crystals appropriately shaped may also be used.

~ Consequently, if the detectors are positioned at pomts on.
 the circle at which the respective: wave-lengths are fo-
. cussed, the mten31ty of the deteeted radratlen will be =
- greater than 1f a ﬂat erystal 1s used wlneh dees net feeus |
~ the radiation. L IR -

- The erystal we empley is a ntethﬁed feeussmg e1ysta1. 3
R .'menoehremater i.e., a crystal which has been prepared.]?_o |
L - to reflect eaeh wave—length at an angle deterrmned by the

' reelpreeal lattlee censtruetlen ef the erystal

naintain the desired curvature. Plastleally cleferm—-

| ‘This invention is an improvement in that
“h type of 1nstrument spec:lﬁeally, the instrument is now =
P .;-.;-'.f-g:;adapted for nse ‘wrth a mrere-—probe X—ray analyzer
- ‘More partleularly, n the instrument deserlhed in that "ap- 20
- plication, a specimen of the material is excited to pro-
- duce characteristic X-rays of each of the eler
- material.
- which; have dif
.~ which has been cut to diffract radtatlen of each of a plu-. :
L rality ‘of wave-lengths ‘at angles determrned by the recip-
_-reeal lattice construction iof the crystal is- pesﬂmned to
. intercept these characteristic X-rays and reflect the several
. wave-lengths simultaneously at different angles toward de--
~ tectors pointed at the diffracting erystal which detect a
R wave-lenﬂth corresponding to that of one of the elements. .
A prmerpal object of the present mventlen 1s te 1nerease |
o _'_'-j_the sensitivity of such an instrument. . . §

tents 1m the
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The deferma— |

,mted States Patent 0 ice

o ':"reeal latttee is ‘a three-dunensronal network ef pe-mts'_" SRS
g o -threughont spaee snrreundlng each unit cell of the crys- = - ) |
~ tal. - Each point in the reciprocal lattlee is separated from - .
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- the origin of the reciprocal lattice by a distance inversely

25

'- _-'tlen employing a reflecting or. Johansson-Du Mond type .
~ of crystal monochromator; and FIG. 2 shows another em~
bodiment of the invention employing: a transm1ssmn or. . -

- Cauchois type of crystal monochromator. = .- e
- Specimen 1, located on the circumference of a etrele 2 )

-'ef radius R, WhICh is the radius of the: feenssmg circle,

is exposed to a cone of X-rays emanating from a. tube. 3 SR
“surrounded by shield 14, -emits. secondary X-rays whese‘_-;.;-
"’wave-lengths are eharaeterlshe ef each of the elements- BRI

35

expesed fo.a fecussed heam vef eleetrens of sufﬁerent D

40 energy-to preduce charaeter1st1e X-rays from elements in - L

" . tallographic planes (hkl)

cooe o pany,. Ine., New York NY, a eerperatlen ef Dela- 2
i If-f: Wﬂre

proportional to’ the 1nte1planar spacing. of " the - erystal;'_f' ERTT
~ planes that it repreeents and its direction from the originis
 exactly the same as the direction of the normal to the
~planes (cf., X—ray Crystallegraphy, M. J. Buerger chap- -

- - ter 6, p..107, et seq., fer a more eernplete dlseuss1en ef the-. SR
10 t . ¥

reelpreeal lattlee)

~The crystal rneneehremater 1tself n:tajs,r he ef the ] ehans- S
~ son-Du Mond type or of the Johann, Cauchois or legarlth—' g
- mic’ sprral type. S
- ploya quarfz erystal wrth a siirface 1n1t1ally parallel tothe Lo
(102) planes which, is then bent to cyiindrical shape of
. radius 2R, with the axis of the cylinder parallel tothe - '~
. axis of the crystal and the surface ground to a coylinder'of
~ radius R ( again with aats parallel to b). RACEE
a Marrow souIce, i.e., a point or line source; or a source . - -
slit placed on the feeussmg elrcle (radms R) is" drf‘fracted'_';f'_ BN
. by the crystal and. refeeeussecl again on the feeusmnﬂr cir- .
- cle, depending upon the Wave-length involved, and re- "~ ©
. ceiving slits and associated detectors placed at these posi- e
~ tions permit. simultaneous recording of  all wave-lengths E
The invention will be described W1th reference te the’_'-;- o
aeeempanymg drawing in which:- E ST

In one embedrment illustrated, we em-

Radlatren from

FIG. 1 shows a spectrograph aeeordlng tc:- the 1nven-f"-?_

-the speetmen "The cone 4 of eharaetenstle X-rays from DT

- the specimen is limited by a slit 5 and intercepted by a_ A
o dif raetrng crystal monochromator 6 whose reflecting sur- o
- face 7 is ground to a cylinder of radius R so that it forms |
- an arc of the focussing circle. PR
78,9, 10, 11 and 12 are pes:ttrened at various pemts around - -
- the focussing circle and are pointed toward the diffract-
. ing crystal to- mtereept cones of X-rays feeussed at those e

pemts by a erystal monochromator.

As described in copending applreatren Serral Nre 771 - R
" 621, now U.S. Patent 3,046,399, the crystal is oriented to.
snnultaneonsly diffract N Wave-tlength mte N -detectors .

positioned at various angles. with: respect to the- crysbal o

- The prinicple used to cause simultaneous diffraction into
B5 N detectors is governed by satisfying the Laue condition = =
" for N characteristic radiations and at least N sets of crys- =
-The simultaneous diffraction

- from N planes- (hkl) - eerrespendlng to N eharaetertstrc“_'f

radiations A; is accomplished by or 1ent1ng a speela Iy cut

. crystalin. the following manner.:

85 =

The reelp- o

tree

The three-dimensional reetpreeal lattlee O[f the erystal |

is constructed. - N- spheres each of radius’ 1/X; (?\ s @ o

eharaeterlstle ‘wave-length of the 'jth element j=1,

2 . ... m),are constructed with a common point of tan-
gency. "The common point of tangeney of ‘the N spheres,l-r__ o
1S nlacle to coincide with the origin of the ree:tpreeal lat- =
With the reerpueeal lattice fixed in space, the line

- of centers of the spheres is rotated nabont any line. drawn o
- through the reerpteeal lattice origin.:

A plurahty of detectors - o

When eachand -~
‘every sphere intersects, or nearly mterseets one reerpreeal T
lattice point of a zone in the reciprocal lattice (the zone =~ .
" axis of which is the axis about which the line of centers =

of spheres is retated), the eendrtlen ef srmultaneeus dlf- . B
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fraction for the focussing case is satisfied; all planes
(h&l) represented by reciprocal lattice points on the cir-
cles of reflection are respectively in reflecting positions for
the wave-lengths characterized respectively by the spheres
(of which the circles are traces); the direction of the

line of centers of the spheres is the direction of the in-

cident beam relative to the orientation of the reciprocal
lattice. The direction of radii drawn to the reciprocal
 lattice points lying on the circles define the directions in
which the detectors must point relative to the incident
beam to receive the diffracted rays.

~ In this embodiment, crystal 6 has been bent to dif-
fract and reflect the characteristic radiations of Mo, Sn,
Cr, Ni, and Cu. If the specimen contains any, or all of
these elements, the crystal diffracts and reflects the char-
acteristic radiations of each of the detectors separately.
In addition, crystal 6 has been ground to converge the

characteristic radiations at points on the focussing circle

4

ciprocal lattice point on the focussing circle of said

crystal. -

10
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~ at which the detectors can be located for receiving a

maximum amount of radiation with the smallest receiving

20.

slit. - An exception has been made in this case for the

detector of miclybdenum radiation 8§ which, because of
the exaggerated size of the crystal shown, cannot be lo-
cated at the focus 13 of the molybdenum characteristic
radration but is positioned to receive a diverging cone of

“As 1n the case described in the copending application,
the choice of reciprocal lattice points is not restricted to
- the zone. For those points not in the zone the focussing
properties will be somewhat sacrificed.

In FIG. 2, the specimen, again located on the focus-
sing circle, is exposed to a beam of electrons produced
by cathode 13, and focussed by electron lens system 14,
and emits characteristic X-rays of each of the elements
in the specimen. X-rays corresponding to some of the

elements are diffracted and transmitted by the crystal 6;

the remainder being reflected and focussed at points on
- the focussing circle. For those X-rays which are reflec-
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2. An X-ray spectrograph for determining the constitu-
ent eiements of a material comprising means to excite
a specimen of the material to produce characteristic X-

- rays, a plurality of detectors, and a stationary focussing

diffracting crystal positioned to intercept and reflect
characteristic X-rays of one wave-length and to transmit
characteristic X-rays of another wave-length, said crystal
bemg deformed to diffract and focus each of said wave
lengths to one of a plurality of reciprocal lattice points
of the crystal, and a plurality of detectors each of which
1s located at a reciprocal lattice point on the focussing
circle of said crystal. | |

3. An X-ray spectrograph for determining the constitu-
ent elements of a material comprising means to excite a
specimen’ of the material to produce characteristic X-
rays, a plurality of detectors, and a stationary focussing
diffracting crystal positioned to intercept and reflect char-
acteristic X-rays of a plurality of wave-lengths, said crys-
tal being deformed to reflect and focus X-rays of each of
said wave-lengths to one of a plurality of reciprocal lat-

- tice points of the crystal, and a plurality of detectors

each of -which is located at a reciprocal lattice point on
the focussing circle of said crystal. |

4. An X-ray spectorgraph for determining the constitu-
ent elements of a material comprising means to excite a
specimen of the material to produce characteristic X-

- rays, a plurality of detectors, and a stationary focussing

diffracting crystal positioned to intercept and transmit
characteristic X-rays of a plurality of wave-lengths, said
crystal being deformed to transmit and focus X-rays of
each of said wave-lengths to one of a plurality of recip-
rocal lattice points of the crystal, and a plurality of de-
tectors ‘each of which is located at a reciprocal lattice

~ point on the focussing circle of said crystal.

ted and focussed, the detector is positioned on the focus- -

sing circle as described in connection with FIG. 1. In
the illustrated embodiment, characteristic X-rays of cop-

40

per are reflected and focussed at a detector 12 located on

the focussing circle. | . - |

X-rays of some wave-lengths will not be reflected but
will be transmitted through the crystal and will appear
-to be diverging from a point source on the focussing cir-
cle. In this case, the detector is positioned to intercept
transmitted X-rays diverging from a “virtual” focus on
the focussing circle. Such is the case for molybdenum
radiation for which detector 8 is positioned behind the

crystal and intercepts diffracted X-rays appearing to di-

verge from the virtual focus 15. - To detect substantially
only the X-rays diverging from this virtual focus, a con-
~ verging Soller slit assembly 16 is interposed between the
~ detector and the crystal. Also, in this case, a large ap-
erture detector is employed. | :

While we have thus described our invention with a
specific embodiment, other modifications will be apparent
without departing from the spirit and scope of the inven-
tion as defined in the appended claims. -

What we claim is: -

1. An X-ray spectrograph for determining the constitu-
ent element of a material comprising means to excite a
spectmen of the material to produce characteristic X-rays,
@ plurality of detectors, and a stationary focussing dif-
fracting crystal positioned to intercept and diffract the

characteristic X-rays emanating from said specimen, -

-said crystal being deformed to diffract and focus radiation
of each of a plurality of wave-lengths to one of a piu-
rality of reciprocal lattice points of the crystal, and a
plurality of detectors each of which is located at a re-

o0

6O
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5. An X-ray spectrograph for determining the con-
stituent elements of a material comprising o source of
X-rays, means to expose a specimen of said material to
said X-rays to produce fluorescent characteristic X-rays
therefrom, a plurality of detectors, and a stationary focus-
sing diffracting crystal positioned to intercept and diffract
the characteristic X-rays from said specimen, said crystal
being deformed to diffract and focus X-radiation of each

- of a plurality of wave-lengths to one of a plurality of

reciprocal lattice points of the crystal, and a plurality of
detectors each of which is located at a reciprocal lattice
point on the focussing circle of said crystal.

6. An X-ray spectrograph for determining the con-
stituent elements of a material comprising a source of
electrons, means to expose a specimen of said material to
said electrons to produce characteristic X-rays therefrom,
a plurality of detectors, and a stationary focussing dif-
fracting crystal positioned to intercept and diffract the
characteristic X-rays from said specimen, said crystal be- -
ing deformed to diffract and focus X-radiation of each of
a plurality of wave-lengths to one of a plurality of recip-
rocal lattice points of the crystal, and a plurality of detec-
tors each of which is located at a reciprocal lattice point

on the focussing circle of said crystal.
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