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57 ABSTRACT 
A method and apparatus for producing X-rays having 
any selected one of a plurality of specific different 
wavelength spectra greatly facilitates X-ray fluores 
cence analysis of samples to detect constituent ele 
ments. In the X-ray source, an electron beam is di 
rected to any selectable one of an array of primary 
targets of different composition. X-rays from the se 
lected primary target may be utilized directly or 
caused to impinge on any selected one of a plurality of 
secondary targets, which are also each of differing 
composition to cause the secondary target to emit a 
specific X-ray spectrum characteristic of that second 
ary target. Analysis of the X-ray fluorescence from a 
sample irradiated by a plurality of different specific 
selected X-ray spectra enables identification and mea 
surement of particular chemical elements in the sam 
ple. The system including the selection of appropriate 
combinations of primary and secondary targets may 
be controlled manually or by a computer responsive to 
the detector of the X-ray fluorescence from the sam 
ple. 

18 Claims, 9 Drawing Figures 
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SELECTABLE WAVELENGTH X-RAY SOURCE, 
SPECTROMETER AND ASSAY METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of prior co 
pending application Ser. No. 251,378 of Richard D. Al 
bert, filed May 8, 1972, for SELECTABLE 
WAVELENGTH X-RAY SPECTROMETER AND 
ASSAY METHOD, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to a method and apparatus for 

producing X-rays of selectable wavelengths and inten 
sities and to a system utilizing such X-rays to detect 
'specific chemical elements in a sample by analysis of 
X-ray fluorescence therefrom. 
When exposed to X-rays, most substances will fluo 

resce X-rays that have a specific wavelength or combi 
nation of specific wavelengths that are characteristic of 
the chemical elements in the substance. The wave 
length spectrum of the X-ray fluorescence is not deter 
mined by that of the incident X-rays which are causing 
the fluorescence but is instead determined by the ele 
mental composition of the substance. As the fluores 
cent X-ray spectrum is distinct for each different ele 
ment, this offers a technique for rapidly and nonde 
structively detecting the presence of a specific element 
in a sample or for identifying the total chemical compo 
sition of the sample. The complete fluorescent X-ray 
spectrum of an unknown substance provides a finger 
print for that substance which contains all the informa 
tion needed to identify and quantitatively analyze most 
of the elements that may be present in the substance. 
This technique has heretofore been used only on a 

very limited basis, mostly within the confines of re 
search laboratories, to analyze specific substances for 
specific elements using an assembly of devices useful 
only for that particular analysis. 
One major problem is that conventional X-ray tubes 

or sources are not easily controllable with respect to 
the wavelength spectrum which is produced. The con 
ventional X-ray tube consists of means for accelerating 
a beam of electrons toward a target or anode generally 
composed of a refractory metal such as tungsten or the 
like. The resultant X-rays have two principal compo 
nents. One consists of the characteristic X-ray fluores 
cence wavelengths of the target material and the other 
is a poly-chromatic spectrum known as bremmstrah 
lung which contains a more or less continuous distribu 
tion of wavelengths. The characteristic specific wave 
length of the target material is unchangeable and is ac 
companied by a heterogeneous mixture of many wave 
lengths. Use of such an X-ray tube complicates the 
X-ray fluorescence analysis technique described above 
and greatly limits the accuracy of the result. While, as 
pointed out above, the wavelength of X-ray fluores 
cence from a sample is not determined by the wave 
length of the incident X-rays, this does not mean that 
control of the wavelength of the incident X-rays is un 
important. First, the intensity of the X-ray fluorescence 
from the sample is strongly dependent upon the wave 
length of the incident X-rays. Second, the presence of 
the bremmstrahlung spectrum in the vicinity of the 
sample can greatly interfere with detection of the de 
sired sample fluorescence. 
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2 
Accordingly, efficient use of the X-ray fluorescence 

analysis technique requires a substantially bremmstrah 
lung-free source of X-rays having a specific wavelength 
spectrum. Further, if the technique is to be used to ana 
lyze a sample for a variety of initially unknown possible 
chemical element constituents, the source of X-rays 
should be readily adjustable to produce any selected 
one of a large number of specific wavelengths or wave 
length spectra since it may be necessary to sequentially 
irradiate the sample with a series of different wave 
lengths to produce a strong fluorescence response from 
each of the various constituent elements. This change 
of output wavelengths should be accomplishable 
guickly and by a simple adjustment of controls either 
manually or preferably by an automatic feedback sys 
tem which responds to the sample X-ray fluorescence. 
These objectives cannot be accomplished if the X-ray 
source apparatus must be disassembled and recon 
structed in part to produce a desired specific wave 
length spectra. 
Moreover, an X-ray source producing selectable 

wavelengths and intensities can offer important advan 
tages in contexts other than the spectrometric analysis 
of substances as discussed above. In radiology as used 
for medical purposes or for the inspection of industrial 
parts, for example, the image which is obtained of the 
internal structure of a subject is useful only to the ex 
tent that different internal elements of the subject are 
distinguishable in the image. The contrast in such an 
image, between different internal areas of the subject, 
is again strongly influenced by the wavelength of the 
incident X-rays. The particular wavelength which pro 
vides the best contrast in an image of a medical patient 
between bone structure and the surrounding soft tissue 
may not be the same wavelength which provides the 
best contrast in distinguishing tumorous tissue from ad 
jacent normal tissue. Thus, the versatility of radiology 
equipment of this kind may also be greatly enhanced by 
an X-ray source providing for selection of any of a plu 
rality of different wavelength spectra. 

SUMMARY OF THE INVENTION 

This invention provides for a rapid, efficient and ac 
curate detection of constituent elements in a sample by 
X-ray fluorescence analysis. An X-ray source, also us 
able for purposes additional to sample analysis, is pro 
vided for generating any selected one of a plurality of 
different wavelength spectra which may include sub 
stantially monochromatic spectra. Selection of the 
wavelength and intensity of the output of the source is 
readily accomplished by manual adjustment of controls 
or, in one preferred form, by a feedback system respon 
sive to detected X-ray fluorescence from the sample. 
Within the X-ray source, an electron beam or the like 

is controllably directable to any of an array of primary 
targets of different composition. In a preferred form, 
primary X-rays emitted from the selected primary tar 
get may be selectively transmitted directly to the sam 
ple or caused to impinge upon any selectable one of an 
array of secondary targets which are also each of differ 
ent composition. The resultant X-ray emission from the 
selected secondary target has a spectrum determined 
by that particular target and is transmitted to the sam 
ple or the like, means being provided for suppressing 
bremmstrahlung which might otherwise reach the sam 
ple. The invention includes a number of additional 
novel features which will hereinafter be described in 
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connection with the description of preferred embodi 
ments. 
Accordingly, it is an object of this invention to facili 

tate the detection and measurement of constituent ele 
ments in a substance by analysis of X-ray fluorescence 
therefrom. 

It is another object of this invention to provide a 
method and apparatus for producing X-rays having any 
Selected one of a plurality of predetermined wave 
length spectra and intensities. 

It is still another object of this invention to provide 
for the automatic cycling of output of X-ray wave 
lengths and intensities in an X-ray source to facilitate 
assay of a sample by analysis of fluorescent X-rays 
emitted therefrom. 

Still another object of the invention is to provide for 
the suppression of bremmstrahlung in an X-ray source 
capable of producing any of a plurality of specific pre 
determined X-ray wavelengths. 
The invention, together with further objects and ad 

vantages thereof, will best be understood by reference 
to the following description of certain preferred em 
bodiments taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 
FIG. 1 is a schematic view of a first embodiment of an 

X-ray spectrometer in accordance with the invention; 
FIG. 2 is an enlarged schematic sectional view of a 

portion of the apparatus of FIG. 1 taken along curved 
line 2-2 thereof, 
FIG. 3 is a partial cross-sectional view of a portion of 

the X-ray source of the spectrometer of FIG. 1 showing 
one example of structural detail for such source; 
FIG. 4 is a schematic view of a modification of the 

X-ray spectrometer system including, in schematic 
form, a self-cycling feedback circuit for controlling the 
X-ray source to perform an analysis of a substance in 
an automatic manner or for other purposes; 
FIGS.5A and 5B, which may be juxtaposed with FIG. 

5B above FIG. 5A to form a single continuous circuit 
diagram, illustrates the circuit of FIG. 4 in greater de 
tail; 
FIG. 6 illustrates a modified construction of the 

X-ray source; 
FIG. 7 illustrates another modification of the X-ray 

source, and 
FIG. 8 illustrates still another variation of the X-ray 

source construction. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will best be understood by first 
briefly reviewing certain properties of materials sub 
jected to X-ray irradiation. Specifically, most chemical 
elements will fluoresce an X-ray spectrum having one 
or more specific wavelengths upon being irradiated by 
X-rays that do not necessarily include the same wave 
lengths and which may be a polychromatic mixture of 
many different wavelengths. Further, each of the 
known elements fluoresces a specific wavelength or 
combination thereof which is unique to that element 
and which differs from the fluorescent radiation of 
each other element. If a sample composed of a single 
element is subjected to polychromatic X-rays, the fluo 
rescence from the sample can be detected and analyzed 
to produce a plot of the amount of X-ray fluorescence 
at each wavelength. This fluorescent X-ray spectrum is 
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4 
unique for that element and enables ready identifica 
tion. If the sample is composed of a mixture of ele 
ments, a more complex fluorescent X-ray spectrum will 
be obtained, but it is possible in most instances to ana 
lyze the various peaks appearing in the spectrum to de 
termine which elements are present and it is further 
possible to determine the relative amounts of each ele 
ment from the relative heights of the peaks representa 
tive of each element. This process is termed "X-ray flu 
orescence analysis' and is potentially a very valuable 
assay technique. It is nondestructive of the sample and 
does not require any mechanical disruption thereof. 
Accuracy and speed of X-ray fluorescence analysis 

are dependent upon the extent to which X-ray fluores 
cence from the sample can be maximized in relation to 
the background radiation wavelengths. The lack of 
suitable apparatus and techniques for optimizing X-ray 
fluorescence from elements suspected to be present in 
a sample has heretofore restricted the use of this poten 
tially valuable assay technique. 
While the wavelength spectrum of the X-rays which 

are impinged upon the sample does not determine the 
wavelengths of the fluorescence from the sample, there 
is a strong relationship insofar as the intensity of sample 
fluorescence is concerned. A different wavelength 
spectra may be required to maximize fluorescence 
from each particular element which may be present in 
the sample. 
Accordingly, the present invention greatly facilitates 

accuracy, sensitivity, convenience, and speed of X-ray 
fluorescence analysis by providing a source of X-rays 
for sequentially irradiating a sample with selected ones 
of a large number of predetermined wavelength spec 
tra. A practical, convenient source for exciting X-rays 
of selectable wavelength suitable for this purpose has 
not heretofore been available. In the conventional 
X-ray tubes or sources, high-energy electrons are 
caused to strike a target and the resulting X-rays have 
two distinct components. The first component is the 
characteristic fluorescent X-ray wavelengths of the 
particular element of which the target is composed and 
the other is a continuous wavelength distribution called 
“bremmstrahlung'. While the wavelength of the char 
acteristic X-rays from the conventional tube depends 
solely on the atomic number of the anode element, the 
bremmstrahlung wavelength mixture is strongly af. 
fected by the energy of the electron beam. This inven 
tion provides an X-ray source having a plurality of tar 
gets of differing composition to selectively produce any 
of a large number of characteristic X-ray wavelengths 
together with means for suppressing bremmstrahlung 
radiation so that a substantially pure output of any of a 
number of specific wavelength spectra may be ob 
tained. 
This greatly enhances the utility of X-ray fluores 

cence analysis as an assay procedure. Specifically, the 
sample may be initially irradiated with a polychromatic 
X-ray spectrum. The resulting fluorescence from the 
sample may then be detected and analyzed to produce 
a fluorescent X-ray spectrum, containing peaks at spe 
cific wavelengths, that enables a tentative identification 
of the probable elements in the sample. The X-ray 
source may then be adjusted to irradiate the sample 
with the specific X-ray wavelengths which will optimize 
fluorescence from those particular elements to confirm 
the presence of each such element and to determine 
the amount thereof in a rapid and accurate manner. 
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Preferably, detection and identification of the spe 
cific wavelengths in the X-ray fluorescence from the 
sample are performed by the encrgy dispersive tech 
nique in which the electric charge produced when a flu 
orescent X-ray from the sample is absorbed in a detec 
tor is measured. The collected charge, on a capacitor 
or the like, produces a readily measurable voltage 
which is proportional to the energy of the absorbed X 
ray. This energy is inversely proportional to the wave 
length of the X-ray thereby enabling determination of 
the wavelength. 
Referring now to FIG. 1, an X-ray spectromcter sys 

tem 11 is shown in schematic form including an X-ray 
tube or source 12 capable of irradiating a sample 13 
which is to be analyzed with X-rays having any selected 
one of a large number of predetermined different spe 
cific wavelengths or combinations of specific wave 
lcngths. Source 12 in this example has an evacuated en 
velope 14 with a relatively narrow cylindrical neck por 
tion 16 formed of insulative matcrial and a flared anode 
end portion 17, formcd of conductive matcrial, that 
terminates in a circular conductive end anode 18. Elec 
tron beam generating and deflection means are situated 
in the neck portion 16 of the envelope and may be es 
sentially similar to thosc employed in cathodc ray 
tubes. This may include an annular cathode 19 heated 
by a filament 21 and an annular control electrode 22 
disposed coaxially thercwith and extending slightly fur 
ther toward the anode end of the envelope whereby the 
voltage applied to the control electrode will determine 
the current or intensity of the electron beam 23 emitted 
from the cathode. Elcctron beam 23 is focussed and ac 
cclerated by passage through an annular first anode 24 
and then passes through a region bounded by four de 
flection plates 26 to which voltages may be applied to 
direct the beam toward any selected area of end anode 
18. A magnetic beam deflection yoke 27, having con 
trol means 28, may be disposed around the envelope 14 
in the region of deflection plates 26 to provide an alter 
nate or supplemental means of cntrolling the direction 
of the electron beam, suitable detailed constructions 
for such magnetic deflection means and controls being 
well known in the art. Although not shown, it will be 
understood that various known provisions for enhanc 
ing beam focusing and tube life, such as ion traps, get 
ter materials, magnetic focusing means, and the like, 
may be employed in the envelope 14 if desired. 

In a preferred arrangement, the cathode 19 is at a 
high negative potential while end anode plate 18 is at 
ground to reduce the likelihood of arcing to nearby 
grounded structure. Filament terminals 29 are con 
nected across a filament power supply 31 through a fil 
ament power control switch 32 and a variable resistor 
33 that provides for adjustment of filament current. Al 
though other circuit configurations are suitable, volt 
ages for the electrodes 22, 24, and deflection plates 26 
may be provided from a high-voltage power supply 34 
having the positive side grounded and having the nega 
tive side coupled to one of the filament terminals 29 
through a switch 36 and further having a pair of inter 
mediate taps 37 and 38 of progressively more negative 
voltages. To provide voltages for the electrodes 19, 22, 
24, the resistive element 39 of a first potentiometer is 
connected between tap 37 and switch 36. A first sliding 
contact 41 at resistive element 39 is coupled to cathode 
19 through an adjustable current limiting resistor 42. A 
second sliding contact 43 is connected to control elec 
trode 22 through an adjustable current limiting resistor 
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6 
44 and a third sliding contact 46 is connected to first 
anode 24 through an adjustable resistor 47. The sliding 
contacts 41, 43, and 46 enable the voltages applied to 
cathodc 19, control electrode 22, and first anode 24 to 
be sclectively varied to determine beam current, en 
ergy, and focus. 
To enable adjustment of the voltages applied to the 

deflection plates 26 for the purpose of controlling the 
direction of the electron beam 23, the resistive element 
48 of a second potentiometer has one end grounded 
and the other end connccted to power supply tap 38 
through a deflector voltage on/off switch 49. Four ad 
justable sliding contacts 51 at resistive element 48 each 
conncCt with a separate onc of the deflection plates 26 
through a separate one of a plurality of adjustable cur 
rent-limiting resistors 52. Accordingly, the voltage ap 
plicd to each of the deflection plates may be individu 
ally varicd to direct the electron beam 23 toward any 
sclected area of the end anode plate 18. 
Considering now mcans by which a sccondary X-ray 

output 53 having a selectable one of a large number of 
predetermined wavelength spectra can be directed to 
the sample 13, a scrics of primary targets 54 are 
mounted in the end anode plate 18 in a circular array in 
this instance. An inner ring of similar primary targets 
56 is also provided for purposes which will hereinafter 
be dcscribed. The primary targets 54 arc composed of 
a number of different chemical elements and have suf 
ficient thickness to completely stop the electrons of 
beam 23 and at least a portion of the primary targets 
have sufficient thickness to absorb much of the bremm 
strahlung arising from the electron impact on the tar 
get. Where substantial bremmstrahlung absorption is 
desired, nickel, copper or iron primary targets in thick 
nesses of about 5 x 10 cm. are typical for electron 
beam energies of less than about 40 KeV. Thin window 
supports may be provided for the targets 54 if neces 
sary. 
When the electron beam 23 is impinged upon a se 

lected one of the primary targets 54, the target emits 
primary X-rays which include both the characteristic 
wavelength of the target element and considerable 
bremmstrahlung or polychromatic X-rays. Much of the 
bremmstrahlung is absorbed in passage through the pri 
mary target except in the case of certain specialized 
ones thereof which will be hereinafter described. Char 
acteristic X-ray wavelengths are emitted by fluores 
cence from the opposite side of the selected primary 
target 54 which fluorescent X-rays may be accompa 
nied by any unabsorbed bremmstrahlung. 
Disposed adjacent end anode 18 is a collimater 57 

formed of dense X-ray absorbant material and having 
collimation passages 58 therethrough with one such 
passage being adjacent each primary target 54 and 56. 
Disposed on the opposite side of collimator 57 from the 
primary targets 54 is a secondary target table 59 which 
may be rotated relative to the end anode 18 and colli 
mator 57. A circular outer array of secondary targets 
61 and matching inner array of secondary targets 60 
are mounted on table 59, the secondary targets each 
being formed of different elements which fluoresce dif 
ferent specific wavelengths. 
Table 59 is rotatable to enable any selected one of 

the secondary targets 61 to be moved into alignment 
with any selected one of the primary targets 54 so that 
the primary X-rays produced at any particular primary 
target can be transmitted to any selected one of the sec 
ondary targets 61. Collimator 57 serves to prevent pri 
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mary radiation from a particular selected target 54 
from reaching any secondary target 61 other than the 
selected one. 
Upon irradiation by primary X-rays from a selected 

one of the primary targets 54, the selected secondary 
target 61 fluoresces the specific characteristic wave 
length spectrum of the element of which the secondary 
target is composed. Depending on the particular ele 
ment and target thickness, this may be substantially 
monochromatic or it may include several specific 
wavelengths. Any remaining bremmstrahlung inn the 
primary X-rays is largely absorbed in the secondary tar 
get, the thickness of which is selected to accomplish 
this purpose. A thickness of about 1 x 10 cm. is typi 
cal for a molybdenum secondary target, for example, in 
a system where the electron beam 23 has an energy of 
about 40 KeV and substantial bremmstrahlung absorp 
tion is desired. 
Upon irradiation by the fluorescent secondary X-ray 

53 from a selected secondary target 61, the sample 13 
to be analyzed in turn emits fluorescent X-rays 63. X 
rays 63 have wavelengths characteristic of the elements 
of which the sample is composed and have relative in 
tensities indicative of the proportion of each element 
therein. The fluorescent X-rays 63 from the sample are 
received at a sample detector 64. In this example, de 
tector 64 is a liquid nitrogen cooled, solid-state detec 
tor, although spark chambers, gas-filled proportional 
counters, liquid Xenon proportional counters, or scin 
tillator-photomultiplier detectors may also be em 
ployed. Detector 64 may be protected from X-ray tube 
and other background radiation by a shield 65. In the 
present example, liquid nitrogen cooling for detector 
64 is provided by a cryostat 66. The output of solid 
state detector 64 is coupled to a preamplifier 67 which 
amplifies the X-ray count for transmission to a pulse 
height analyzer 68 or other count analyzing, recording 
or display means through a pulse-shaping, linear ampli 
fier and amplitude discriminator 70 which suppresses 
noise. The detector 64 is preferably of the energy-dis 
persive type which, in effect, produces an output pulse 
having an amplitude proportional to the electric charge 
produced when each X-ray is absorbed. This charge 
and thus the output voltage are proportional the energy 
of the absorbed X-ray which energy is, in turn, in 
versely proportional to the wavelength of the X-ray. 
Thus, pulse height analyzer 68 is able to sort counts ac 
cording to the wavelength of the initiating X-ray from 
the sample to identify which wavelengths are present 
and in what amounts. This is the information needed to 
determine the composition of sample 13 by X-ray fluo 
rescence analysis as hereinbefore discussed. 
The X-ray source 12 enhances speed, sensitivity, and 

precision of the assay of the sample 13 by enabling irra 
diation of the sample with any selected one of a large 
number of specific wavelengths and by providing the 
capability of sequentially subjectingn the sample to a 
series of different wavelengths each selected to opti 
mize sample fluorescence from a specific possible con 
stituent element of the sample. This capability results 
from the ability to match any of a large number of pri 
mary targets 54 with any of a large number of second 
ary targets 61 in an arrangement which suppresses con 
tamination by bremmstrahlung and unwanted charac 
teristic radiation from the target and other materials. 
FIG. 2 illustrates more detail of the target and colli 

mator structure and further illustrates useful variations 
in form and function for the primary and secondary tar 
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8 
gets which enable use of either forward or backward 
fluorescent X-ray emission from the secondary targets 
and which enable deliberate transmission of bremm 
strahlung to the sample when that is desirable. In par 
ticular, the rotatable secondary target table 59 is pro 
vided with a series of apertures 69 in some of which 
secondary targets 61 are disposed transversely to the 
path of primary X-rays from the primary targets. Such 
secondary targets 61 make use of forwardly emitted 
X-ray fluorescence for the purpose of irradiating the 
sample 13. That is, the primary radiation from a pri 
mary target 54 strikes one surface of the secondary tar 
get 61, and, as illustrated by dashed line 53', the sec 
ondary X-ray output originates by fluorescence at the 
opposite side of the secondary target. However, a sec 
ond group of secondary targets 62 may be provided in 
which the fluorescent secondary X-ray output 53 is 
emitted backwardly from the secondary target. For this 
purpose, the backward emission targets 62 are secured 
to table 59 in an oblique relationship to the axis of the 
adjacent collimator passage 58 through which primary 
X-rays arrive. As the secondary targets 62 depend on 
backward emission of fluorescent X-rays, such targets 
may be substantially thicker than targets 61 in order to 
absorb primary X-rays including bremmstrahlung arriv 
ing through the collimator passage 58. With respect to 
both types of secondary targets 61 and 62, it should be 
appreciated that fluorescent X-rays are emitted omni 
directionally and the dashed lines 53 and 53' simply 
represent that portion of the X-ray fluorescence which 
is directed toward the sample 13. 
FIG. 2 illustrates certain other highly advantageous 

features of the target and collimator structure. For ex 
ample, contamination of the secondary X-rays 53 out 
put with with characteristic X-ray spectra from the ma 
terial of the collimator 57 may be suppressed by coat 
ing the surfaces of the collimtor, including passages 58, 
with a lining 71 of filtering material, such as beryllium, 
having a low atomic number. Considering still a further 
advantageous feature of the source construction, there 
may be instances, such as in the initial steps of an X-ray 
fluorescence analysis of a sample 13, wherein it is de 
sired to produce a polychromatic X-ray output. While 
this can be done by cycling the electron beam 23 across 
a variety of the primary targets 54 in combination with 
a variety of the secondary targets 61 and 62, it is also 
provided for in this example of the invention by omit 
ting any secondary target from one of the apertures 69' 
in rotatable table 59. Thus, bremmstrahlung from a pri 
mary target 54 in alignment with the open aperture 69' 
is not absorbed but is transmitted outward in the direc 
tion of the sample. Bremmstrahlung production may be 
enhanced if a particular one of the primary targets 54' 
is made of reduced thickness or replaced with a thin 
window for use in conjunction with the opening 69' in 
rotatable table 59. It should also be observed that one 
or more of the secondary targets may have thickness 
selected to cause such targets to act as filters, suppress 
ing all but desired specific wavelengths, rather than act 
ing to generate the secondary X-rays by fluorescence. 
Similarly, identical primary or secondary targets may 
be provided at spaced locations around the anode 18 
and table 69 to provide for irradiation of sample 13 
from different directions with a specific selected wave 
length. 
Certain structural details were omitted from FIGS. 

and 2 in order to better illustrate certain basic princi 
ples of the invention. While the detailed construction 
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of the apparatus may take a variety of forms, FIG. 3 il 
lustrates one advantageous detailed construction of the 
target and collimator region of the X-ray source 12. 
Unlike FIG.2, which is taken along an arc 2-2 of FIG. 
1, FIG. 3 is a section view of a portion of the anode end 
of the X-ray source 12 taken along a radial plane 
thereof. 
While the anode end 14 of the X-ray source 12, the 

collimator 57, and the rotatable table 59 may each be 
mechanically separate elements as depicted schemati 
cally in the preceding FIGS., such components may 
also be advantageously combined into a single assem 
bly as shown in FIG. 3. Thus, the collimator 57 may be 
joined to the end of envelope 14 to form an end closure 
therefor. Rotatable table 59 carrying the secondary tar 
gets 60 and 61 may be attached to the collimator struc 
ture 57 through a bearing 72 and annular retainer 73 
attached to the collimator by means such as screws 74. 
Preferably, the passages 76 in retainer 73 through 
which the scres 74 extend are of greater diameter than 
the screws so that the retainer and thus the rotatable 
table 59, including secondary targets 60 and 61, may be 
shifted laterally as necessary to bring the targets into 
optimum alignment with the collimation passages 58. 
To provide for selective turning of the table 59 in 

order to bring a particular secondary target into align 
ment with a particular primary target, the edge of the 
table may be provided with gear teeth 76 which engage 
an output gear 77 of a servomotor 78 mounted on the 
collimator structure 57. Servomotor 78 carries a posi 
tion sensing means 80 which will hereinafter be de 
scribed. 

Passages 58 of the collimator including the lining 71 
thereof are outwardly flared toward the interior of en 
velope 14 and the primary target 54 associated with 
each such passage is disposed transversely therein at 
the small diameter portion of the flared section. The 
primary targets 54 and 56, having the thicknesses here 
inbefore described, may be adequately cooled by heat 
conduction to the adjacent supporting surfaces if the 
electron beam 23 power is less than around 100 watts. 
If primary target thicknesses are insufficient for this 
purpose or higher electron beam power is utilized, suit 
able coolant passages 79 may be provided within the 
collimator 57 with fittings 81 being provided at the ex 
terior surface to provide for a forced flow of coolant. 
The above-described disposition of the primary tar 

gets 54 and 56 within flared extensions of the collima 
tor passages 58 serves to suppress cross-contamination 
of adjacent primary targets from evaporated and rede 
posited target material which may otherwise result 
from impingement of an electron beam thereon. In the 
absence of this corrective provision, the material of one 
target may tend to be deposited on another thereby in 
terfering with proper operation of the source. Cross 
contamination may be still further suppressed by a 
coating 85 of carbon or other low atomic number mate 
rial on the target and by extending a thin foil 82, sup 
ported by a wire grid 83, across the inner surface of col 
limator 57. Provided the foil 82 and grid 83 are thin 
and formed of a suitable low atomic number material, 
such as carbon for the foil and beryllium for the grid, 
the electron beam 23 loses little energy in passing 
through such structure and no significant undesired 
X-ray background is generated. 
Considering now still another advantageous aspect of 

the X-ray source as depicted in FIG. 3, it is desirable in 
many operations to check the intensity of the second 
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ary radiation flux 53 at the output of the X-ray source 
12 at a particular time when a particular combination 
of primary and secondary targets and electron beam 
voltages is being used and it may also be desirable to 
monitor the wavelength spectrum of such radiation 
flux. The previously described inner arrays of primary 
targets 56 and secondary targets 60 are utilized for this 
purpose. If, at a given time, the electron beam 23 is 
being directed to a specific one of the primary targets 
54, as depicted in FIG. 3, and it is desired to monitor 
secondary output flux or wavelength or both, the elec 
tron beam may be temporarily redirected to the associ 
ated inner one of the primary targets 56 or to other pri 
mary targets 56. This will cause a similar fluorescent 
X-ray output 53' at the associated one of the inner sec 
ondary targets 60. A monitor detector 86, which may 
typically be a gas-filled proportional counter, is secured 
to rotatable table 59 adjacent each inner secondary tar 
get 60 in position to receive the fluorescent X-ray emis 
sion therefrom, the counter being preferably partially 
enclosed by a shield 87 to screen outbackground radia 
tion other than that originating from the adjacent sur 
face of the associated one of the secondary targets 60. 
The output of each monitor detector 86 may be pro 
cessed essentially similarly to the output of the sample 
fluorescence detector 64 of FIG. 1 to obtain the desired 
data or may be utilized in automatic control of the 
spectrometer as will hereinafter be described. 
FIG. 4 illustrates, in block form, modifications which 

enable self-cycling of the system to perform an X-ray 
fluorescence analysis of a sample 13, including auto 
matic determination of the optimum X-ray output 
wavelengths from source 12 for the particular sample 
13 and automatic control of the source to select the ap 
propriate primary and secondary targets and electron 
beam intensities and energies. 
For this purpose, the filament terminals 29 may be 

coupled to the output of a programmable current sup 
ply 88 of the known form which provides an output 
current having a magnitude determined by coded digi 
tal signals applied to the input. Similarly, the cathode 
19 is coupled to the output of a programmable voltage 
supply 89 of the known form which supplies an output 
voltage selectively variable in response to coded input 
signals. Additional programmable voltage supplied 91, 
92 and 93 are coupled to the control electrode 22, first 
anode 24, and deflection plates 26, respectively. 
Output counts from sample X-ray fluorescence de 

tector 64, after passage through the preamplifier 67, 
are applied to an additional amplifier-discriminator 94 
and then to an analog-to-digital converter 96 of the 
known form which generates a binary digital output sig 
nal coded to indicate the height or amplitude of each 
such pulse. Thus, the output of analog-to-digital con 
verter 96 consists of successive signals indicative of the 
wavelengths of counts from sample detector 64 and 
may be transmitted to the input 97 of a digital com 
puter 98, preferably of the minicomputer form. The 
number of counts from detector 64 of a given wave 
length occurring in a given interval of time is propor 
tional not only to the amount of a particular chemical 
element in the sample 13, but also is proportional to the 
electron beam 23 current in source 12. Thus, to inter 
pret the detector 64 output accurately and to control 
electron beam intensity, the computer must also be 
provided with digital input signals indicative of beam 
current. For this purpose, a low value resistor 99 is dis 
posed in the ground connection to end anode plate 18 
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and the voltage developed across the resistor, which is 
proportional to the electron beam 23 current, is ap 
plied to another analog-to-digital converter 101. The 
output of converter 10 is coupled to the computer 
input 97 to transmit digital signals thcreto coded to in 
dicate electron beam current. 
Given this capability of enabling the computer 98 to 

receive digital data indicative of X-ray counts at detec 
tor 64 and indicative of electron beam current and 
given the above described means for controlling the fil 
ament 2 current and the voltages applied to cathode 
19, control electrode 22, first anode 24 and deflection 
plates 26 and given control of servomotor 78, by means 
to be hereinafter described in more detail, suitable pro 
gramming of the computer 98 to perform the X-ray flu 
orescence analysis proccss as hereinbefore described 
will be apparent to those skilled in the art. A digital 
computer may readily be programmed to perform the 
logical operations which are required for thc sample 
analysis and which are required to issue appropriate in 
structions, derived from such analysis at each stage of 
the process, to the programmable current and voltage 
supplies 88, 89,91, 92 and 93 and to servomotor 78. By 
techniques well known to the art, the computer may 
also be caused to display the results of the analysis on 
an appropriate output device 102 which may include a 
visual display and a printout if desired. Depending on 
the choice of output means 02, the qualitative and 
quantitative assay results may be displayed in graphical 
or alphanumeric form on a cathode ray tube or may be 
printed out or plotted graphically. Such programming 
involves storing instructions in a central processing and 
memory unit 103 of the computer for selecting X-ray 
wavelengths for sample radiation. These instructions 
are executed by a target selection logic portion 104 of 
the memory which transmits digital control signals to 
programmable voltage supply 93 and to servomotor 78 
in order to direct the electron beam 23 to the selected 
primary target and to rotate table 59 to align the se 
lected second target therewith (or to align no second 
ary target therewith). Similarly, instructions are stored 
in a beam energy control portion 106 of the computer 
memory to transmit digital signals to programmable 
voltage supply 89 of the cathode to maintain a selected 
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beam accelerating voltage. Still another portion 107 of 5 
the computer memory is provided with instructions to 
control programmable voltage supplies 91 and 92 for 
optimum beam focus and another portion 108 of the 
memory stores instructions for selecting optimum fila 
ment current and control electrode voltage and for 
transmitting correspondingly coded signals to program 
mable supplies 88 and 91. 

It will be apparent that if the programmable current 
and voltage supplied 88, 89,91, 92 and 93 are of the 
form requiring analog inputs, then digital-to-analog 
converters may be situated in the signal paths between 
each such supply and the computer 98. 
While the system of FIG. 4 has been described as uti 

lizing the electrostatic deflection plates 26 for the pur 
pose of directing the electron beam 23, it will be appar 
ent that similar techniques may be utilized to control 
the magnetic deflection system 28 either alternately or 
in conjunction with the electrostatic deflection plates. 
Circuit provisions for adapting the system of FIGS. 1 

to 4 to automatic or self-cycling operation with the aid 
of a computer are shown in more detail in FIGS. 5A 
and 5B. FIG. 5A may be disposed with FIG. 5B imme 
diately above FIG. 5A to form a single continuous cir 
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cuit diagram. In FIGS. 5A and 5B, the legends A/D and 
D/A refer respectively to analog-to-digital and digital 
to-analog converter circuits, suitable detailed construc 
tions therefor being known to the art. Similarly, the leg 
end IF refers to interface cards, also known to the art, 
for connecting digital signal channels of external cir 
cuitry with a computer. If, for example, the computer 
98 is a minicomputer of the form identified as a PDP 
11, manufactured by Digital Equipment Corporation, 
the interfaces IF may be of the DR11A form manufac 
tured by the same company. The legend OC identifies 
optical coupling devices of the known form through 
which digital signals may be transmitted from one de 
vice to another without requiring direct electrical con 
nection therebetween and which are used for isolation 
where the signal receiving circuit is at a high voltage 
level relative to the signal input circuit. The legend 
DSC refers to device status circuits of a form which will 
be hereinafter described. 
Referring now to FIGS. 5A and 5B in conjunction, 

fluorescent X-ray counts from the previously described 
sample detector 64 are initially amplified by the pream 
plifier 67 and further amplified by amplifier 94 and 
then transmitted to the analog-to-digital signal con 
verter 96 which codes each count signal according to 
pulse height for transmission to the computer 98 
through an interface 111a. Accordingly, with suitable 
programming, the computer 98 is enabled to store a 
count of the number of fluorescent X-rays from the 
sample of each specific wavelength to establish the 
characteristic wavelength spectrum of fluorescent X 
rays from the sample. Counts from the several monitor 
detectors 86, of which only one is depicted in FIG. 5, 
are similarly transmitted through a preamplifier 112, 
amplifier 113, analog-to-digital converter 96b, and in 
terface 1 11b. 
Computer 98 is enabled to control the first anode 

voltage at X-ray source 12 through an interface 11 lic, 
digital-to-analog converter 116a, and optical coupler 
117a which jointly form a control signal channel to the 
previously described programmable voltage supply 92. 
Supply 92 has a controlled voltage output 118 con 
nected to the first anode 24 of the source. Similarly, the 
programmable voltage supply 91, having a controlled 
voltage output 119 coupled to the source control grid 
22, is responsive to computer instructions received 
through an interface 111d, digital-to-analog converter 
116b, and optical coupler 117b. Another interface 
111e, digital-to-analog converter 116c, and optical 
coupler 117c enable the computer to control program 
mable voltage supply 89 which has a controlled voltage 
output 121 connected to the cathode 19 of the X-ray 
source 12. The computer is enabled to control the fila 
ment current of the source through an interface 11 lif 
digital-to-analog converter 116d, and optical coupler 
117d, the supply 88 having a pair of controlled current 
conductors 122 connected across the filament 21 of the 
SOCC 

Control of electron beam deflection within the 
source 12 by the computer is enabled by an interface 
111g, digital-to-analog converter 116e, and optical 
coupler 117e forming a control signal path to program 
mable voltage supply 93Y which has a pair of con 
trolled voltage outputs connecting with a first pair of 
the opposed deflection plates 26Y. Similarly, an inter 
face 11h connects with a digital-to-analog converter 
116f which in turn connects through an optical coupler 
117f with programmable voltage supply 93X which has 
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a pair of controlled voltage outputs connected to the 
remaining pair of opposed deflection plates 26X, thus 
enabling primary target selection within source 12 by 
the computer. 
To enable secondary target selection, an interface 

11 li connects the computer with a digital-to-analog 
converter 116i having an output connected to one 
input of a comparator 123, the output of which is con 
nected to servomotor 78 to supply operating current 
thereto. Accordingly, servomotor 78 will operate to ro 
tate secondary target table 59 if there is an output from 
comparator 123. To enable the voltage level supplied 
to the comparator 123 from digital-to-analog converter 
116i to determine the rotational position of table 59, 
the other input of the comparator is connected to a ro 
tatable tap contact 124 which is turned by servomotor 
128 in synchronism with table 59, Rotatable tap 124 is in 
sliding contact with a circular resistor 126 having a DC 
voltage source 127 connected thereacross in series with 
an on/off switch 130. With switch 130 closed, the volt 
age at rotatable contact 124 is a function of the rota 
tional position thereof and this voltage is supplied to 
the other input of comparator 123. The comparator 
123 will produce an output, causing motor 78 to oper 
ate, until such time as rotation of the contact 124 
brings the voltage applied to comparator 123 from 
contact 124 into balance with the control voltage ap 
plied thereto from digital-to-analog converter 116i at 
which point the output of the comparator ceases and 
motor rotation stops. 
The basic reference voltage, between the high volt 

age end of X-ray source 12 and ground, with reference 
to which the several programmable supplies 88, 89,91, 
92 and 93 provide selected voltage variations, is itself 
determined by an additional main programmable volt 
age supply 128 having an output coupled to each of the 
other programmable supplies. Main supply 128 is itself 
controllable by instructions from computer 98 through 
an interface 111j and digital-to-analog converter 116j. 
No optical coupler is employed in the last described in 
struction channel, as the main voltage supply 128 is of 
the known form having internal means providing isola 
tion of the output from the signal receiving input com 
ponents which operate at relatively low voltages. 

In order to control the X-ray source 12 and servomo 
tor 78 to obtain optimum speed and accuracy of the 
sample analysis, it may be desirable to provide the com 
puter 98 with certain additional input information for 
reference purposes. For example, the computer may be 
enabled to monitor various significant source operating 
voltages to determine if these conform with the instruc 
tions issued by the computer and to enable corrective 
modifications in instructions if needed. For this pur 
pose, the main programmable voltage supply 128 has a 
monitor output 129 which is coupled to a voltage moni 
tor 131. The output of monitor 131 is transmitted to 
the computer through an analog-to-digital converter 
96d and interface 111k. Similarly, a voltage signal in 
dicative of electron beam current within the X-ray 
source 12 is provided to the computer through a con 
ductor 132 connected between end anode 118 and an 
amplifier 133 having an output coupled to analog-to 
digital converter 96e which in turn provides the digi 
tized beam current information to the computer 
through an interface 1111. 
To inform the computer if any of the outputs of the 

several programmable voltage and current supplies or 
the servomotor control comparator 123 are out of con 
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14 
formity with the instructions being applied thereto, 
which condition occurs momentarily following a 
change of instructions, a series of device status circuits 
134 are employed. A first such device status circuit 
134a detects any deparature of the output voltage of 
the main programmable voltage supply 128 from that 
indicated by the control signal currently being received 
from the associated digital-to-analog converter 116j. 
Programmable voltage supplies 128 of this form have 
an error signal output 136a on which a signal appears 
whenever there is a discrepancy between the input in 
structions and output voltage. Error signal terminal 
136a is coupled to the input of the device status circuit 
134a which has an output coupled to the computer 
through an interface 111m. 
The device status circuit 134a has a pair of digital 

output comparators 137 and 138 each having the main 
voltage supply error signal 136 connected to one input. 
A small negative reference voltage is applied to the 
other input of one comparator 137 while a small posi 
tive reference voltage is applied to the other input of 
the other comparator 138. Thus, if the error signal 
from main voltage supply terminal 136a remains within 
the narrow limits defined by the small positive and neg 
ative voltages, the outputs of both comparators 137 
and 138 are high. If the error signal increases signifi 
cantly in either direction, the output of one of the com 
parators goes low. The outputs of the two comparators 
137 and 138 are connected to the inputs of an AND 
gate 139, the output of which is coupled to the inter 
face 111m. The output of the AND gate 139 is high 
when the received error signal is within the acceptable 
narrow limits and goes low to inform the computer 
when a significant degree of error is detected. 

Similarly, the error signal outputs 136b and 136g of 
programmable supplies 88, 89,91, 92,93Y and 93X, 
respectively, are each coupled to a separate one of a 
series of device status circuit 134 which are in turn cou 
pled to the computer 98 through interfaces 111n, 1110, 
111p, 111q, 111 r, and 111s, respectively. For similar 
purposes, the output of servomotor control comparator 
123 connects with an additional device status circuit 
134 and interface 111t to inform the computer when 
the secondary target table 59 is undergoing movement. 
Speed and accuracy of the system can be greatly en 

hanced if the generation of X-rays by source 12 is tem 
porarily interrupted during periods when any signifi 
cant operating parameter is temporarily out of confor 
mity with the instructions supplied by computer 98 and 
also during the period required to process each X-ray 
count produced by sample detector 64. A source pull 
sing circuit 138 is provided for this purpose. 
Pulsing circuit 138 utilizes an OR gate 139 and an 

AND gate 140 having outputs coupled respectively to 
the set and reset inputs of an MECL-type flip-flop 141 
through optical coupler 117g. To reset the flip-flop 
upon detection of an X-ray by sample detector 64, the 
output of preamplifier 67 is coupled to one input of 
AND gate 140 through an isolating amplifier 145 and 
discriminator amplifier 146. As will hereinafter be de 
scribed in more detail, resetting of flip-flop 141 blocks 
X-ray production in source 12. To enable the computer 
to override the pulsing circuit 138 and maintain X-ray 
production when that is desirable, the other input of 
AND gate 140 is controllable by the computer through 
an interface 111u and inverter 149. 
Setting of the flip-flop to restore X-ray production 

after a predetermined period sufficient to process a de 
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tected X-ray is accomplished through a connection 
from the output of amplifier 146 to one input of OR 
gate 139 through a time delay means such as a mono 
stable multivabrator 147. The other input of OR gate 
139 is coupled to the computer through interface 111u 
to enable the computer to maintain X-ray production 
when necessary by overriding the pulsing circuit 138. 
A single one of the outputs of flip-flop 141 is utilized 

to control pulsing of the X-ray source 12, this being the 
output 148 which is high when the flip-flop is in the 
reset state indicating that a count has been detected or 
that one or more operating parameters are incorrect as 
described above. This high condition of flip-flop output 
148 is caused to block temporarily the electron beam 
generation within source 12 by applying a negative 
voltage pulse to control grid 22 relative to cathode 19. 
For this purpose, the output voltage at flip-flop output 
terminal 148, which is unipolar, is amplified and made 
bipolar by a circuit 150. 

Circuit is0 may be formed of a first transistor 151 
having a base coupled to flip-flop output 148 through a 
resistor 152 and having an emitter coupled to cathode 
19. The collector of transistor 151 is coupled to the 
base of a second transistor 156 through a resistor 155. 
A small positive voltage, typically 5 volts, is applied to 
the emitter of transistor 156 and is also applied to the 
base thereof through a resistor 157. A small negative 
voltage, typically -3 volts, is applied to the collector of 
transistor 156 through a resistor 158, the collector of 
transistor 156 being coupled to the base of a third tran 
sistor 159 through a speed-up filter circuit formed by a 
parallel capacitor 161 and resistor 162. The emitter of 
transistor 159 is coupled to cathode 19 while the col 
lector thereof is coupled to control grid 22 through a 
capacitor 163. The collector of transistor 159 is also 
connected to the movable contact 164 of a potentiome 
ter through a resistor 166. A positive voltage, typically 
+300 volts, is applied to the resistive element 167 of 
the potentiometer which has one end connected to 
cathode 19. The previously described connection of 
controlled voltage output 119 of programmable voltage 
supply 91 to control grid 22 is made through a resistor 
168 and a diode 169 which is in parallel therewith for 
D.C. restoration. It should be understood that the volt 
ages referred to in the foregoing description of circuit 
149 are voltages taken relative to the basic high nega 
tive voltage at the cathode end of X-ray source 12 and 
are additive thereto rather than being relative to 
ground. 
During the periods that an electron beam is being 

produced in source 12 to generate X-rays, output 148 
of flip-flop 141 is low and thus transistor 151 is biased 
off and transistor 156 and 159 are also biased off. 
Under this condition, the voltage applied to control 
grid 22 is determined wholly by supply 91 and acts to 
draw electrons from cathode 19 to form the desired 
electron beam. Upon receipt of a reset pulse at flip-flop 
141 from AND gate 140 indicating that a sample count 
is being processed, output 148 of the flip-flop goes 
high. Transistor 151 is turned on thereby turning on 
transistors 156 and 159. The resultant conduction 
through transistor 159 reduces the positive voltage on 
capacitor 163. This applies a negative step voltage at 
control grid 22 relative to cathode 19 thereby cutting 
off the electron beam within source 12. Upon setting of 
the flip-flop 141 by receipt of the delayed set pulse 
from OR gate 139, following expiration of a predeter 
mined count processing time, flip-flop output 148 again 
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goes low turning off transistor 151. This turns off tran 
sistors 156 and 159 to restore the original voltage rela 
tionship between control grid 22 and cathode 19 
thereby regenerating the electron beam in the X-ray 
source 12. 
Variations in the previously described configuration 

of the X-ray source 12, including the type and dispo 
sition of the primary and secondary targets therein, 
may readily be made. Referring now to FIG. 6, a modi 
fication of the geometry of the X-ray source 12a is 
shown in which backward emission of X-rays from both 
the primary targets 54a and secondary targers 61a is 
utilized and in which the sample 13a to be assayed is 
retained in a different manner. Specifically, the source 
12a is designed to assay samples deposited on a cone of 
filter paper 171 which is received in a conforming cav 
ity 172 formed coaxially in the end anode 18 of housing 
14a. The primary targets 54a in this example are 
mounted in the interior wall of vacuum envelope 14a in 
cavities 173 therein in oblique relationship to the elec 
tron beam 23a whereby when primary X-rays 174, in 
cluding bremmstrahlung and characteristic X-rays, are 
emitted toward passages 58a in a collimator end por 
tion 57a of the housing from the same surface of the 
target that receives the electron beam. A thin foil and 
supporting grid structure 176 formed of low atomic 
number materials may be disposed across each cavity 
173 to prevent cross-contamination between primary 
targets by evaporation, spalling, or the like. Where 
such protective means 176 are utilized, pump out chan 
nels 177 communicate the interior of envelope 14a 
with each cavity 173 to prevent creation of a pressure 
differential when the envelope is evacuated. 
The primary X-rays 174 from the selected primary 

target 54a are transmitted through an associated one of 
the collimation passages 58a, each of which contains a 
thin window 178 of low atomic number material, such 
as beryllium, to impinge upon a selected one of the sec 
ondary targets 61a which has been positioned in align 
ment with the passage 58a. For this purpose, the sec 
ondary targets 61 a may be carried upon a table 59a ro 
tatable by a servomotor 78a as previously described. 
The secondary targets 61a are also disposed 

obliquely with respect to the path of the primary X-rays 
174 in position to intercept and absorb bremmstrah 
lung from the primary targets while emitting fluores 
cent secondary X-rays 53a, characteristic of the partic 
ular target material, toward the sample 13a. If desired, 
an X-ray filter 181 may be positioned in the path of the 
secondary X-rays 53a from the secondary target to the 
sample in order to suppress wavelengths other than a 
particular one with which it is desired to irradiate the 
sample. Suitable filter compositions for absorbing cer 
tain X-ray wavelengths while transmitting others are 
known to the art. Using the above-described geometry, 
the sample fluorescence detector 64a may be posi 
tioned on the axis of the source 12a in position to view 
the sample 13a through a circular window 182 pro 
vided in table 59a for that purpose. The monitor detec 
tors 86a may be mounted on collimation structure 57a 
between collimator passages 58a and sample-receiving 
cavity 172. 

65 

Still another suitable geometry for the X-ray source 
12b is illustrated in FIG. 7. This embodiment provides 
for backward angle X-ray emission from the primary 
targets 54b in conjunction with forward emission from 
the secondary targets 61b. The primary targets 54b may 
be mounted in cavities 173b in the sidewall of housing 
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14b in a manner similar to that described with refer 
ence to the preceding embodiment. Thus, a protective 
foil and grid 176b may be disposed across each cavity 
173b and a pump out channel 177b communicates 
therewith. Primary X-rays 174b from the selected pri 
mary target 54b are transmitted through a passage 58b 
in collimating structure 57b to impinge upon a selected 
one of the secondary targets 61b, each of which is 
mounted in a well 184 in a table 59b which may be ro 
tated by a servomotor 78b as previously described. The 
secondary targets 61b are disposed transversely in the 
wells 184 so that secondary fluorescent X-rays 53b are 
emitted from the side of the secondary target which is 
opposite from the side that receives the primary X-rays 
174b. In this embodiment, the monitor detectors 86b 
may be mounted on table 59b in position to view sec 
ondary X-rays emitted from duplicate secondary tar 
gets 60b also carried on the table 59b in alignment with 
additional collimation passages 58b'. 
Certain of the previously described embodiments 

employ forward emission from one or both of the pri 
mary and secndary targets while others employ back 
ward emission from one or both targets. Backward 
emission is defined as utilization of the X-rays emitted 
from the same surface of the target that receives the ra 
diation which generates the X-rays while forward emis 
sion is defined as the utilization of X-rays emitted from 
the surface of the target opposite from that which re 
ceives the initiating radiation. In general, the choice be 
tween the several configurations depends primarily on 
whether wavelength purity or intensity of the output 
from the source needs to be emphasized. Backward 
emission provides greater intensity of the output radia 
tion but, owing to the greater opportunity for scattering 
of bremmstrahlung, the output tends to be slightly 
more contaminated with undesired wavelengths than 
where forward emission is used. Where it is desired to 
provide a choice in a single X-ray source, provisions 
may be made to utilize either type of emission from ei 
ther of the primary and secondary targets. The embodi 
ment of the invention previously described with partic 
ular reference to FIG. 2 illustrated a construction pro 
viding for either forward or backward emission from 
the secondary targets 61 and 62. FIG. 8 illustrates still 
another modification wherein the choice of either for 
ward or backward primary X-ray emission from the pri 
mary targets 54c is also provided. 
The X-ray source 12c construction shown in FIG. 8 

may be similar to that of FIG. 3 except for the provid 
ing of an additional set of primary targets 54c in the 
sidewall of vacuum envelope 14c. These additional tar 
gets 54c may be similar to those described with refer 
ence to FIGS. 6 and 7 and accordingly need not be re 
described. It will be apparent that the electron beam 23 
may be selectively switched to any one of the additional 
primary targets 54c to produce primary X-rays 174c by 
backward emission where high intensity is desired or 
may be redirected to utilize the previously described 
primary targets 54 if the more strongly monochromatic 
output obtainable from forward emission is desired. 
Thus, while the invention has been described with re 

spect to certain preferred embodiments, it will be ap 
parent that many modifications are possible and it is 
not intended to limit the invention except as defined by 
the following claims. 
What is claimed is: 
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1. In a method for analyzing the composition of a 

substance by X-ray fluorescence analysis, the steps 
comprising: 
producing primary X-rays by directing charged parti 

cles to a selected one of a plurality of primary tar 
gets which are disposed at separate locations on a 
primary target plate and each of which has a differ 
ent composition, the primary X-rays including a 
wavelength characteristic of the material of the se 
lected primary target and further including a 
bremmstrahlung spectrum of many wavelengths, 

directing said primary X-rays toward a selected one 
of a plurality of secondary targets which are dis 
posed at separate locations on a secondary target 
carrier and each of which has a different composi 
tion whereby secondary X-rays are emitted from 
said selected secondary target, 

said selected one of said secondary targets having a 
composition which emits characteristic X-rays hav 
ing a wavelength spectra that produces X-ray fluo 
rescence in a specific possible constituent element 
of said substance, and said selected one of said pri 
mary targets being of different composition than 
said selected one of said secondary targets and 
being selected to produce primary X-rays which 
promote said characteristic X-ray emission by said 
selected secondary target, 

irradiating said substance with said secondary X-rays, 
and 

detecting the wavelength of characteristic fluores 
cent X-rays emitted by said substance in response 
to said irradiation thereof to enable identification 
of at least one constituent element thereof. 

2. The combination of steps defined in claim 1 fur 
ther comprising the step of selecting a primary target 
sufficiently thick to absorb at least a substantial portion 
of said bremmstrahlung while being sufficiently thin to 
emit said secondary X-rays by fluorescence from the 
surface of said selected primary target which is oppo 
site from the surface thereof which intercepts said 
charged particles. 

3. The combination of steps defined in claim 1 com 
prising the further step of sequentially irradiating said 
substance with secondary X-rays of different specific 
wavelengths produced by different specific combina 
tions of said primary and secondary targets including 
primary and secondary target combinations which are 
of unlike composition. 

4. The combination of steps defined in claim 1 com 
prising the further steps of sequentially directing said 
charged particles to each of said plurality of primary 
targets and sequentially directing said primary X-rays 
produced at each primary target during said charged 
particle irradiation thereof to each of a plurality of said 
secondary targets whereby the wavelength spectrum of 
said secondary X-rays is sequentially shifted. 

5. The combination of steps defined in claim 1 com 
prising the further steps of initially irradiating said sub 
stance with an X-ray spectrum including a large num 
ber of wavelengths while detecting the wavelengths of 
X-ray fluorescence from said sample in order to tenta 
tively identify the probable constituents thereof, and 
subsequently irradiating said substance with secondary 
X-rays from at least one specific combination of said 
primary and secondary targets selected to produce sec 
ondary X-rays having a wavelength which optimizes 
X-ray fluorescence of at least one of said probable con 
stituents. 
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6. An X-ray fluorescence analysis spectrometer com 
prising: 
an X-ray source having means for producing any se 
lected one of a plurality of different specific prede 
termined X-ray spectra, said X-ray source having a 
plurality of primary targets each of different com 
position and means for directing accelerated 
charged particles to any selected one of said pri 
mary targets to produce primary X-rays which in 
clude bremmstrahlung and which include specific 
wavelengths characteristic of the material of the 
Selected primary target, said X-ray source having a 
plurality of secondary targets each of different 
composition and means for directing said primary 
X-rays from any selected one of said primary tar 
gets to any selected one of said secondary targets to 
produce secondary X-rays thereat that have one of 
said specific predetermined X-ray spectra, said 
X-ray source further having means for preventing 
primary X-rays from a selected primary target from 
reaching ones of said secondary targets other than 
said selected secondary target, 

means for directing any selected one of said predeter 
mined X-ray spectra to a substance to be analyzed, 
and 

an X-ray detector disposed for detecting characteris 
tic fluorescent X-rays emitted from said substance. 

7. The combination defined in claim 6 wherein said 
selected primary target is disposed to intercept bremm 
strahlung directed toward said selected secondary tar 
get and is proportioned to absorb at least a substantial 
proportion of said bremmstrahlung while emitting said 
primary X-rays by X-ray fluorescence. 

8. The combination defined in claim 6 wherein at 
least one of said primary targets has a surface posi 
tioned to receive said charged particles and to emit said 
primary X-rays from the same surface toward said sec 
ondary target including said bremmstrahlung and said 
characteristic wavelengths, and wherein said secondary 
target has a surface positioned to intercept said primary 
X-rays and is proportioned to absorb bremmstrahlung 
therein while emitting said secondary X-rays toward 
said substance by X-ray fluorescence from another sur 
face. 

9. The combination defined in claim 6 wherein said 
means for preventing primary X-rays from reaching 
ones of said secondary targets other than said selected 
secondary target comprises a radiation absorbent colli 
mating means disposed between said primary and sec 
ondary targets for intercepting primary X-rays from 
said selected primary target which are directed toward 
secondary targets other than said selected secondary 
target and having at least one radiation transmissive 
passage for transmitting said primary X-rays from said 
selected primary target to said selected secondary tar 
get. 

10. The combination defined in claim 6 further com 
prising motor means for shifting any selected one of 
said secondary targets into position for receiving said 
primary X-rays from any selected one of said primary 
targets in response to a signal indicative of a predeter 
mined combination of primary and secondary targets. 

11. The combination defined in claim 6 wherein said 
primary targets are spaced apart along a circular arc 
and wherein said secondary targets are spaced apart 
along a coaxial circular arc on a rotatable member 
whereby said member may be rotated to bring any se 
lected one of said secondary targets into alignment with 
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any selected one of said primary targets and said means 
for preventing primary X-rays from reaching ones of 
said secondary targets other than said selected second 
ary target comprises a radiation absorbent element dis 
posed between said primary targets and said rotatable 
member and having a plurality of radiation transmissive 
passages spaced apart along another circular arc which 
is coaxial with the arcs of said primary and secondary 
targets. 

12. The combination defined in claim 6 further com 
prising a self-cycling system for said X-ray source, said 
self-cycling system having means for sequentially di 
recting said charged particles to predetermined specific 
ones of said primary targets, and having means for 
shifting predetermined specific ones of said secondary 
targets into postion to receive said primary X-rays from 
predetermined specific ones of said primary targets to 
produce a predetermined sequence of said secondary 
X-ray spectra. 

13. The combination defined in claim 12 wherein 
said self-cycling system further comprises means for 
controlling said X-ray source to initially irradiate said 
substance with a polychromatic X-ray spectrum, means 
coupled to said detector for analyzing the wavelength 
spectrum of characteristic X-ray fluorescence from 
said substance in response to said polychromatic irradi 
ation thereof to identify wavelength characteristic of 
specific elements, logic circuit means for controlling 
said X-ray source to sequentially irradiate said sub 
stance with a plurality of specific secondary X-ray 
spectra each selected to cause strong X-ray fluores 
cence from a particular separate one of said specific el 
ements, and means for indicating the amount of char 
acteristic fluroscent X-rays of each of said elements 
which are detected during said irradiation of said sub 
stance by said specific secondary X-ray spectra. 

14. The combination defined in claim 12 further 
comprising an additional plurality of primary targets 
each having a composition similar to that of an associ 
ated separate one of said plurality of primary targets, 
an additional plurality of secondary targets each having 
a composition similar to that of an associated separate 
one of said secondary targets, a plurality of monitor 
X-ray detectors each positioned to receive and detect 
secondary X-rays emitted from an associated separate 
one of said additional secondary targets, and wherein 
said self-cycling system has means for momentarily di 
verting said charged particles from a selected primary 
target to the one of said additional primary targets asso 
ciated therewith to cause the associated one of said 
monitor detectors to produce a signal indicative of the 
radiation flux being directed to said sample and has 
means for adjusting the energy of said charged particles 
if said detected radiation flux differs from a predeter 
mined value. 

15. The combination defined in claim 12 wherein 
said self-cycling system further comprises means for 
suppressing acceleration of said charged particles to 
said primary targets during periods when said means 
for directing said charged particles is in the process of 
redirecting said particles from one selected primary 
target to another selected primary target. 

16. The combination defined in claim 12 wherein 
said self-cycling system further comprises means for 
suppressing acceleration of said charged particles to 
said primary targets during periods when said means 
for shifting said secondary targets is in the process of 
shifting a secondary target, 
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17. The combination defined in claim 12 wherein 
said self-cycling system further comprises means for 
suppressing accelaration of said charged particles to 
said primary targets during periods when said detector 5 
is in the process of responding to a fluorescent X-ray 
count from said substance. 

18. An X-ray fluorescence analysis spectrometer 
comprising: 
an X-ray source having means for producing any se- 10 

lected one of a plurality of different specific prede 
termined X-ray spectra, said X-ray source having 
means for producing an accelerated charged parti 
cle beam and having a plurality of spaced apart tar 
gets each of different composition and means for 
directing said charged particles to any selected one 
of said targets to produce X-rays thereat which 
have different X-ray spectra at different ones of 
said targets, 20 

means for supporting a substance to be analyzed in 
position to receive said X-rays produced at said se 
lected ones of said targets, 
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an X-ray detector disposed for detecting characteris 

tic fluorescent X-rays emitted from said substance 
in response to said irradiation thereof, and 

a self-cycling system coupled to said detector and to 
said X-ray source and having means for controlling 
said X-ray surce to initially irradiate said substance 
with a polychromatic X-ray spectrum and means 
coupled to said detector for analyzing the wave 
length spectrum of characteristic X-ray fluores 
cence from said substance in response to said poly 
chromatic irradiation thereof to identify wave 
lengths characteristic of specific elements, said 
self-cycling system further having logic circuit 
means controlling said X-ray source to sequentially 
irradiate said substance with a plurality of specific 
X-ray spectra each selected to cause strong X-ray 
fluorescence from a particular separate one of said 
specific elements, and further having means for 
registering a value having a magnitude propor 
tional to the amount of characteristic fluorescent 
X-rays of each of said elements which are detected 
during said irradiation of said substance by said 
specific X-ray spectra. 
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