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[57] _ ABSTRACT 

Method and apparatus for energy analysis of a stream 
of moving charged particles by effecting electrostatic 
segregation of a particle portion having a preselected 
kinetic energy and thereafter counting the number of 
the particles. 

18 Claims, 9 Drawing Figures 
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CHARGED PARTICLE ENERGY ANALYSIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This Application is a continuation-in-part of US. Ap 
plication Ser. No. 99,475 ?led Dec. 18, 1970 now 
abandoned. 

BRIEF SUMMARY OF THE INVENTION 

Generally, this invention comprises method and ap 
paratus for energy analysis of a moving stream of elec 
trically charged particles having different kinetic ener 
gies comprising, in seriatim, constraining a stream of 
charged particles having diverse kinetic energies to a 
given flow path, segregating and altering the direction 
of travel of a ?rst fraction consisting of substantially all 
of the charged particles having kinetic energies below 
a preselected high energy level, directing the ?rst frac 
tion of charged particles to a spherical grid retarding 
potential ?lter maintained at a preselected electrical 
potential level barring forward longitudinal passage 
through the ?ow director of substantially all of the 
charged particles having kinetic energies below a pre 
selected low energy level while permitting the forward 
passage of a second fraction of the charged particles 
constituting the remainder of the ?rst fraction of the 
charged particles, and determining the number of 
charged particles constituting the second fraction. 

DRAWINGS 
The following drawings depict preferred embodi~ 

ments of the invention as applied to electron spectros 
copy in which: 
FIG. 1A is a plot of transmission current v. energy for 

the photoelectron stream emitted when a sample is 
bombarded with X-rays, 
FIG. 1B is a plot of transmission current v. energy 

characteristic of a narrow-band energy-pass ?lter at an 
arbitrary energy E.,, 
FIG. 2 is a schematic side elevation cross-sectional 

view of a typical prior art hemispherical electrostatic 
analyzer, 
FIG. 3A is a partially schematic longitudinal sec 

tional view of a ?rst embodiment of apparatus accord 
ing to this invention, 
FIG. 3B is an exploded perspective view of the appa 

ratus of FIG. 3A, 
FIG. 3C is a partially schematic fragmentary longitu_ 

dinal elevation sectional view of the right-hand, 
charged particle reversal end of a second embodiment 
of apparatus according to this invention, 
FIG. 4 is a diagrammatic representation of the accep 

tance angle for the apparatus of FIGS. 3A and 3B, 
FIG. 5 is a diagrammatic representation of'the coop 

erative relationship of the successive pre?ltering, low 
pass ?ltering and high pass ?ltering utilized in the oper 
ation of this invention, and 

FIG. 6 is a typical spectrum record obtained in the 
analysis of a gold sample using apparatus constructed 
according to this invention. 

GENERAL 
Charged particle analysis according to this invention 

can be applied to a wide variety of elemental charged 
particles, such as alpha and beta radiation, ions and‘ the 
like; however, it is particularly useful in the conduct of 
electron spectroscopy and, accordingly, is hereinafter 

5 

2 
described in particular application to this apparatus 
and technique. 
Electron spectroscopy for chemical analysis is a com 

paratively new procedure which has been described ex 
tensively in the article entitled “Electron Spectroscopy 
for Chemical Analysis (ESCA)” by Kai Siegbahn et al., 
.Uppsala University, Uppsala, Sweden (1968) October 
(Processed for the Defense Supply Agency by the 
Clearing-house For Scienti?c and Technical Informa 
tion with the identi?cation number AD-844-315). 
Brie?y, electron spectroscopy is the study of the en~ 

ergy (velocity) distribution of secondary electrons 
(photoelectrons) emitted by a sample upon irradiation 
of the sample by a primary energy source, such as a 
beam of X-rays. The operation is conducted by an elec 
tron spectrometer having a radiation source for excit 

' ing a sample, means for analyzing the velocities (ener 
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gies) of the secondary electrons released due to the ex 
citation, and means for recording electron energy vs. 
the quantity (current) of electrons falling within small 
increments of energy. The apparatus utilizes high vac 
uum pumps, a high-voltage source, an X~ray or other 
emitter of exciting energy, a sample module or holder, 
an energy analyzer, and a readout device such as an 
X-Y recorder. 
ESCA has broad application to the analysis of the full 

range of individual chemical elements, even in the pres 
ence of other elements, and is particularly effective in 
organic chemistry, since the chief constituent elements 
carbon, nitrogen, oxygen, etc., are relatively easy to 
study. In addition, electron spectroscopy is better 
suited than X-ray analysis for studying the atomic 
structure of surfaces, because‘ the secondary electrons 
(as contrasted with “secondary” X-rays), are emitted 
only from a surface layer 100A or less in thickness. 
Thus, information on composition, bonding states and 
the like peculiar to the surface exclusively is readily ob 
tainable using this tool. 
When a sample under analysis is irradiated from a 

primary source the sample emits photoelectrons in es 
sentially random directions and at velocities (energies) 
unique to the speci?c electron-level structure of the 
atoms in the sample. To be of value in chemical analy 
sis, these photoelectrons must be categorized with re 
spect to their energies and the number of electrons 
emitted in each energy category determined over a 
given interval of time. This categorizing is effected by 
an energy analyzer, such as the design provided by this 
invention. 
A successful analyzer must (a) provide high resolu 

tion, i.e., separation of electron fractions of closely ad~ 
jacent energies and (b) provide high sensitivity, i.e., 
measureable and representative readouts for each 
small energy increment. Also, the analyzer must ac 
commodate a high electron throughput, or luminosity, 
so that electron energy categorization can be accom 
plished within a relatively short time interval. 
The energy distribution spectra of photoelectrons 

produced by X-ray excitation is such that the electrons 
which characterize a specific element lie at particular 
energy levels and, in general, are manifested as discrete 
maxima resting upon a background having a broad dis 
tribution of energy. This background exists because 
electrons which would otherwise have discrete energies 
which characterize the element (or sample) have un 
dergone collisions within the sample and thus have lost 
varying amounts of energy. Another source of back 



3,749,926 
3 

ground current is the exciting X-ray background 
(bremsstrahlung), which is superimposed upon the de 
sired exciting X-rays of narrow energy distribution 
(characteristic X-rays). A typical energy distribution of 
electrons emitted by a sample, including the unavoid 
able background, is represented by FIG. 1A. 
Since it is desired to measure only the intensity and 

shape ofthe photoelectron peak representing a discrete 
energy difference, both the sensitivitY and accuracy of 
measurement are reduced proportionately if any of the 
background other than that directly under the peak is 
measured. This occurs because the statistical variation 
in the number of electrons arising from the broad back 
ground is large. For this reason, it is preferred to mea 
sure the current (representative of the number of elec 
trons in that narrow energy band) within a photoelec 
tron peak with a narrow-band energy pass ?lter. FIG. 
1B shows the desired transmission characteristics of 
such a narrow-band energy pass ?lter at an arbitrary 
energy E,,. One such narrow-band pass ?lter of the 
prior art which accomplishes this type of discrimination 
is a hemispherical electrostatic analyzer, illustrated 
schematically in side elevation cross-section in FIG. 2. 
Only those electrons with energy Eo= eeR,,/2 can pass 
both slits, where e is the electric ?eld produced by the 
potential difference V, e is the charge on an electron 
and R0 is the radius of the hemisphere including the 
slits. 

DETAILED DESCRIPTION 

This invention relates to an improved apparatus and 
method for performing an energy analysis on charged 
particles. The example chosen in detailing operation 
involves the secondary electrons produced in an X-ray 
photoelectron spectrometer. The instant method of en 
ergy analysis employs a novel arrangement of electron 
de?ecting and retarding elements, including a spherical 
electron mirror which, in combination with associated 
electrostatic lens elements, produces a many-fold in 
crease in electron counting rate while retaining entirely 
satisfactory resolution preservation. 
Applicant’s parent Application Ser. No. 99,475 supra 

described an electrostatic analyzer for use in X-ray 
photoelectron spectroscopy particularly which em 
ployed a double-?lter type of electron energy analysis 
by which a narrow band-pass energy selection was 
achieved by causing the electron beam to encounter, in 
succession, a high energy pass ?lter, followed by a low 
energy pass ?lter, both ?lter devices being essentially 
of the coaxial cylindrical variety. In contrast, the appa 
ratus of the instant invention, while still functioning as 
a narrow band pass analyzer, comprises a low energy 
pass ?lter in the form of an electron mirror, followed 
by a high energy pass ?lter of the spherical grid design. 
Elimination of the high-energy electrons in the initial 
electron beam by a low-pass parallel~plate filter, or 
other means, is resorted to in both inventions. How 
ever, a remarkable improvement in sensitivity, by at 
least an order of magnitude, is obtained by the instant 
invention over the apparatus of Application Ser. No. 
99,475. 
Accordingly it is an object of the present invention to 

provide an energy analyzer apparatus for use in X-ray 
photoelectron spectroscopy and the like which pos 
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. .. . . . 6 sesses an enhanced analysis sensitivity, while permit~ 
ting a corresponding reduction in X-ray source inten 
sity and X-ray power requirements. 

4 
Other objects of the present invention are: 
a. the provision of an improved narrow bandpass en 
ergy analyzer having improved spectral line deter 
mination by the obtainment of a higher signal-to 
noise ratio than achieved by the prior art, 

b. the provision of an improved energy analyzer af 
fording, for a given resolving power, a larger effec 
tive entrance aperture and acceptance angle, 
thereby achieving a high electron count rate, and 

c. the provision of an improved design of energy ana 
lyzer simple in construction, versatile in use and re 
duced in cost. 

The following fundamental relationships are applica 
ble to analyzer performance: 
The current, i, in monoenergetic electrons per sec 

ond counted at the exit slit of any spectrometer is given 
by the following equation: 

i= B. (EA/E .,) Anf, or i= BAQf, 

where 
8,, = brightness of photoelectrons ejected from the 
sample by the X-ray source. Its dimensions are 
number of electrons/(unit area of samples.) (unit 
solid angle.) (second) 

(EA/E0 = the ratio of the electron energy in the analy 
zer to the energy of the electron when ejected from 
the sample. The velocity (energy) of the electrons 
is often deliberately retarded prior to analysis to 
obtain better resolution, AE, where AB = E 1-15,, as 
to which E, is the high energy level whereas E2 is 
the low energy level of the secondary electron frac 
tion analyzed, 

AE/EA is a constant of the spectrometer instrument; 
hence better resolution AE can be obtained by op 
erating the analyzer at reduced EA, e.g., by apply 
ing a retarding field between the sample and the 
entrance slit of the spectrometer, 

A = area of entrance aperture of energy analyzer, 
cmz, ‘ 

Q = acceptance angle of energy analyzer in steradi 
ans, where a steradian is a unit solid angle, 

f= ef?ciency of analyzer (sometimes called 37 trans 
mission”) in passing electrons in the desired energy 
range. In the instant invention it is less than unity, 
because of the interpositioning of absorbing 
screens across the paths of the electrons, B = Ba/Eo 
E, = brightness at the entrance aperture to the 
spectrometer. 

Sometimes the quantity A?f is called the "luminos 
ity" of the analyzer and is abbreviated L. 
Equation (1) gives the count rate i for the case in 

which the resolution of the analyzer, AE, is at least as 
broad as the spectral line. If the resolution is less than 
the spectral line width, Eq. (1) must be modi?ed to: 

where B’,,= Bo/unit energy 
Analogously, L then becomes spectral luminosity A Of 

AE. 

The count rate decreases at higher resolution 
(smaller AE) because higher resolution is obtained by 
decreasing one or more of the following factors: 

a. entrance slit area A 
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b. collection angle 0 
c. analyzer energy E,,. g 

In the instant invention, and that of Application Ser. 
No. 99,475 also, enhanced resolution is obtained by de 
creasing E A. 

It is a known law of electron optics that increased re 
tardation to decrease EA is accompanied by a decrease 
in brightness B at the entrance aperture to the spec 
trometer, contributing to decreased electron transmis 
sion. However, this loss in brightness can be compen 
sated for by increasing the spectrometer entrance aper 
ture A and acceptance angle 0, as is clear from Equa 
tions (1) and (2) supra. It will be seen that this is ac 
complished in the instant invention by the use of a 
spherical electron mirroror other means, which per 
forms, simultaneously, a focusing as well as an electron 
monochromatization step. 

In principle, an electron mirror is the analog of its 
light-optical counterpart, except that re?ection in the 
former does not occur at a single surface but is distrib 
uted through a region, depending upon the gradation of 
equipotential “surfaces” as produced by a speci?c ar 
rangement of electrodes and potentials. Electrons inci 
dent on the mirror are slowed down as they penetrate 
into the mirror field until they reach the zero equipo 
tential, at which point their velocity vanishes and their 
direction of motion is substantially reversed. Thus, 
electron mirrors can perform a dual role. First, they 
image the object projected on the mirror and, second, 
they control the intensity (and direction) of the elec 
tron beam. Such mirrors can thus act as a low-pass en 
ergy ?lter, i.e., the mirror eliminates electrons which 
are incident with an initial energy greater than a prede 
termined value (cut-off energy) and re?ects back the 
remaining electrons of lower energy. These lower en 
ergy electrons can then be focused by the mirror for 
further energy analysis. 
When an electron mirror is used as an energy 

analysis element in an electron spectrometer as taught 
in this invention, it can be shown that the resolving 
power ef the spectrometer is, in large part, determined 
by the solid angle, d0, drawn from the mirror and sub 
tended by the entrance aperture A of area s2 (refer FIG. 
4), in accordance with the relationship AE/E =*-4(d0). 
At the same time, the size of the acceptance angle Q 

is in part determinative of electron counting rate, as 
can be seen from Equation (1) supra. Given a desired 
resolution AE/E, then, the mirror parameters E, and Q 
can be specified such that a given electron counting 
rate can be attained, since count rate is proportional to 
luminosity (L), i.e., 

A = s2 = (d0)'R2 and L = A 0. 

Thus, the importance of a large entrance aperture A 
and a large acceptance angle Q can be clearly seen. In 
the present invention, a concave spherical electron 
mirror ideally provides for selection of the optimum 
initial values of these parameters. Moreover, the mirror 
can be used in conjunction with other electron optical 
elements, such as lenses, to preserve this advantageous 
selection while performing a narrow-band spectral de 
termination. ' 

The method of my invention will be more clearly un 
derstood by reference to FIG. 5, which is a plot of elec 
tron transmission, or count, versus electron energy. 
The solid line, denoted “low-pass”, depicts the charac 
teristic ?ltration of electrons emanating from the X-ray ‘ 
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6 
source by an electron mirror so placed as to intercept 
a large percentage of the incoming electrons. Proceed 
ing from left to right along this curve, it is seen that, at 
a given energy level M, there 'is a relatively sharp cut 
off of electrons passed (i.e., re?ected) by the mirror, all 
electrons above this level being eliminated from further 
analysis. Thus, the area under this curve represents the 
total number of electrons in the lower energy range 
that are passed for further analysis. Of these, the only 
electrons of interest are those at the higher end of this 
low-energy band. These are the electrons which fall 
within the region of common overlap of the solid curve 
denoted “high-pass” with that of the “low-pass“ curve. 
In the instant invention it will be hereinafter seen that 
this high pass ?ltering action is imposed by a spherical 
grid arrangement providing a retarding potential. Su 
perimposed on the plot of FIG. 5 are two other curves, 
one in broken line representation, denoted “pre?lter”, 
the signi?cance of which will be made clear in the sub 
sequent description. 

Referring now to FIGS. 3A and 38 there is shown, 
respectively, in schematic side-elevation section and in 
exploded perspective views, a preferred embodiment of 
electron energy analyzer according to this invention. 

It will be understood that the entire analyzer shown 
in FIG. 3A is housed within an evacuated enclosure 
(not shown). The exciting X-rays constitute a substan 
tially monochromatic beam of radiation which is 
passed, along line N, through an opening in tubular ele 
ment 10 closed off with a I”. foil aluminum ?lter, so 
that it impinges on the sample 11 to be analyzed at an 
angle of approximately 20° therewith, causing the emis 
sion of photoelectrons from sample ll. 
Measurement of the binding energy of the photoelec 

trons emitted from the surface of sample 11 enables a 
semi-quantitative analysis of the surface to be made. In 
the instant invention, this measurement is made as fol 
lows: the beam of photoelectrons leaving sample 11 
passes axially along line 112 through tube 10 and frusto 
conical tubular element 13, communicating therewith, 
which subtends a relatively large solid angle around 
sample 11. It then passes through electron condensing 
lens element 14 interposed between tubular elements 
13 and 15. 
Truncated tubular element extension 15a forms a 

juncture with the upper electrode ll7a of the sloped 
parallel plate assembly denoted generally at 17 (FIG. 
3B) as well as with the main tubular enclosure wall de~ 
noted T. There is imposed a variable retarding ?eld be 
tween tubular elements 13 and 15. The electron beam 
12 is focused by lens element 14 to a central spot at the 
opening 16a, which is a screen-grid aperture. 

Parallel plate assembly 17 constitutes a low-pass pre 
?lter for the photoelectrons entering opening 16a and 
comprises, in addition to de?ecting plates 17a and 17b, 
an electron absorption and ground plate 176, seen to 
somewhat better advantage in FIG. 3B. Pre?lter 17 also 
incorporates two vertically—oriented parallel plates 17d 
and ll7e, making the assembly a double focusing sub 
assembly. The function ‘of a prefilter of the design de 
scribed is taught in applicant's copending Application 
Ser. No. 99,475 supra, and will be discussed in further 
detail hereinafter with respect to the instant invention. 

Electrons below the cut-off energy limit of pre?lter 
17 are de?ected through an angle of approximately 90° 
and thence pass to the central area of the solid-backed 
concave spherical electron mirror 1%, as indicated by 
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the continuation of line 12. Screen~grid aperture 16b 
serves as an entrance aperture (presenting an opening 
of, typically, ‘7% inch dia. measured along the width of 
plate 17a, the projection of which in a plane normal to 
longitudinal axis l-I measures about V4 inch high) for the 
beam passing to electron mirror 18, and is disposed 
slightly above axis H. 
The electron beam is redirected from mirror 18 in 

rays as indicated generally by line 19 through the lower 
half of centrally-apertured disc electrode 20, main 
tained at ground potential, at which point a real image 
of pre?lter aperture 16b is formed. 
The electron beam then passes to a high-pass ?lter 

means of conventional double spherical grid construc 
tion, denoted generallyat 21, adjoining electron collec 
tion means 22. Electron collection means 22 comprises 
an open cylindrical portion 22a constricted at the out 
board end to form a centrally-apertured beam exit 22b 
in prolongation with which is mounted a conventional 
channel electron multiplier 23. 
The tubular portion comprising collector 22 and 

spherical grid assembly 21 is inclined upwardly at a 
slight angle, typically, O.7°, with respect to axis H to the 
left of vertical F-F, FIG. 3A, in order to yield better res~ 
olution. This tilting allows the collector axis to coincide 
with the geometric axis of the lower half of aperture 
20a in disc electrode 20. The same effect can be ac 
complished by a downward translation of the high-pass 
filter. 
Between pre?lter 17 and electron mirror 18 there is 

interposed a conventional quadrupole lens 24 made up 
on a pair of vertical arcuate plates 24a (refer FIG. 3B) 
and a pair of horizontal arcuate plates 24b, which serve 
to position the re?ected electron beam in the lower half 
of aperture 20a. A spherical grid 25, maintained at 
ground potential, is positioned between the quadrupole 
lens 24 and mirror 18, comprising a portion of the low 
pass ?lter means associated with the mirror. 
Ring electrodes 26 and the spherical mirror 18 are 

maintained at different negative potentials with respect 
to grid 25 increasing in negative magnitude in the di 
rection of electron beam movement toward mirror 18. 
Segmentation of the electrostatic metallic surfaces in 
this manner in the region between grid 25 and mirror 
18 aids in preventing fringing ?elds, thereby contribut 
ing to the attainment of high resolution. Similarly, there 
is incorporated between spherical grids 21a and 21b 
(FIG. 38) a plurality of separated ring electrodes 21c 
maintained at increasing negative potential in the dire 
cion of travel of re?ected beam 19, which, in combina 
tion with grids 21a and 21b, function to retard the re 
?ected electron beam to an extent such that only those 
electrons re?ected by mirror 18 having an energy 
greater than a predetermined cut-off value will sur 
mount the high-pass barrier and move on to the collec 
tor. Thus, a narrow-band energy selection is made. 
Dimensionally, the electron analyzer of FIGS. 3A 

and 3B is constructed to provide, typically an accep 
tance angle .Q(see also FIG. 4) of about ‘rs steradian be 
tween the aperture 16b of pre?lter l7 and the mirror 
surface. This is accomplished by providing a mirror ra 
dius of 5 inch measured from the lowest point d of aper 
ture 16b to grid 25, with the chord of grid 25 measured 
normal to axis H being 2 inch. At least this same accep 
tance angle 0 is provided by frusto-conical tubular ele 
ment 13, such that mirror 18 enables the relatively 
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8 
large solid angle at the sample to be preserved through 
out the entire folded length of the electron beam. 
Typical potentials maintained on the several compo 

nents of the analyzer during operation are as follows: 
Spherical mirror 18 —75 volts 
Ring electrodes 26 equally distributed neg 

tive voltages between 
zero and —75 volts 

Grid 25 0 volts 
Quadrupole lens elements 24 :IO volts 
Parallel plate electrode 17a 0 volts 

“ 17b —53 volts 
“ 17c 0 volts 

Parallel plate electrodes 17d and 17c —48 volts 
Condensing lens 14 :780 volts 

for a sample 11 at 
+l 334 volts 

equally distributed between Ring electrodes 21c 
0 and —74.9 volts 

Grid 21b 0 volts 
Grid 21:: —74.9 volts 
Collector 221: —74.9 volts 

Other elements at zero volt potential are the channel 
electron multiplier 23 and the circularly apertured dia 
phragm electrode 20, as well as the entire tubular en 
closure body T between spherical grids 21b and 25. All 
lens electrodes are supported in, and insulated from, 
tube T by polytetra?uoroethylene insulators. 
Collector means 22 receives the decelerated elec 

trons passed by the double-grid assembly 21. A nega 
tive potential bias of, typically, —74.9 volts is main 
tained on the inner wall 22a of cylindrical cavity 22, 
causing the electrons entering cavity 22 to be con 
tained therein and drawn to channel electron multiplier 
23 maintained at zero potential. The collector 22 is es 
sentially ?eld-free, with the exception of the attractive 
in?uence of the channel electron multiplier. A typical 
path followed by a photoelectron in collector 22 is 
shown at R. 
Typical spacing between parallel plate electrodes 17a 

and 17b is 0.35 inch, this value being determinative of 
the divergence in the electron beam passed to mirror 
18 by pre?lter 17. The distance from screen aperture 
16a to the sample surface is, typically, 3 V4 inch. Cen 

- trally apertured disc electrode 20 aids in the rejection 
of electrons having energies above the desired narrow 
pass energy band as well as in the rejection of any sec 
ondary parasitic electrons scattered from mirror 18. 
The bottom half of this central aperture 20a serves as 
an entrance aperture for ?lter means 21 and serves to 
determine the resolution thereof. 

Plate 17c, at ground potential, serves to isolate the 
re?ected electron beam from the ?eld of pre?lter 17. 
At the same time, the electrostatic bar construction 17f 
of plate 17b improves the ?eld planarity in pre?lter 17 
having a potential distribution ranging from zero to the 
potential of 17b. 

It is an important feature of this invention that elec 
tron mirror 18 is preceded by low-pass ?lter 17. Other 
wise, high energy electrons (e.g., those striking solid 
backed mirror 18 with I00 volts or more energy) would 
cause the production of copious low energy parasitic 
secondary electrons which would give a pseudore?ec 
tion effect as manifested by solid line P in FIG. 5. Use 
of pre?lter 17, having the broken line characteristic 
plotted in FIG. 5, attenuates this effect over the energy 
range of interest. 

In operating the analyzer to take a spectrum, the nar 
row energy pass band, as determined by the respective 
cut-off values of low-pass spherical mirror ?lter l8 and 
high-pass spherical grid filter 21, is held constant and 
scanning is accomplished by changing the potential at 
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ponint A or equivalently decelerating the beam at any 
point prior to aperture 16a. 
By comparison with the analyzer of my Application 

Ser. No. 99,475 supra, the analyzer of the instant in 
vention makes possible an increase in resolution from 
1.8ev to l.2ev, and a simultaneous increase in sensitiv~ 
ity from about 40 counts/ma to about 1600 counts/ma. 
of X-ray current. 
-By way of illustration, FIG. 6 shows a spectrum of the 

gold doublet taken by my instant apparatus. Aluminum 
Ka irradiation of the sample was used. The electron 
lines of gold, NV, and NV", are shown. At the peak level 
of the N”, line, the electron count rate was 49,000 
counts/see, with a resolution at half height of l.2ev for 
this line. The X-ray power used to produce this spec 
trum was 10Kv at 30 ma. Electron mirror 18 was oper 
ated at —67.5 volts as was also the high—pass retarding 
grid system. At the same resolution, a count rate of less 
than 10,000 counts/sec. would be achieved with the an 
alyzer of Appl’n Ser. No. 99,475 for the same line, op 
erating at l0 Kv. and 190 ma. The improvement ob 
tained with the instant analyzer is, no doubt, in large 
part due to the large acceptance angle 0 which, at the 
uppermost level, could probably be further extended to 
about one steradian. 

To obtain equivalent performance from the Appl’n 
Ser. No. 99,475 analyzer, a scale-up in size of approxi~ 
mately 5.5 times would be necessary, which would im‘ 
pose additional space requirements and high-vacuum 
maintenance problems. Thus, one advantageous fea 
ture of the instant invention is the reduced size of appa 
ratus coupled with improved performance. 
The analyzer of this invention can be constructed of 

a variety of metallic materials. Typically, tubes 10, 13 
and 15, 15a can be of aluminum. Mesh lens 14 can be 
of copper. Plates 17a, —b, —c, —d and —e can be of stain 
less steel. Bars 17fcan be of copper. Circular disc elec 
trode 20 can be aluminum. Quadrupole lens 24 can be 
brass. Hemispherical grid 25 can have an aluminum 
ring and a mesh construction of steel or copper. Ring 
electrodes 26 can be brass. Spherical solid-backed mir 
ror 18 can be aluminum. Collector 22 can be stainless 
steel. Grids 21a and 21b can have a mesh of steel and 
copper, or steel and nickel, with aluminum rims. 
The mesh size of screen 21a is 100 lines/in, affording 

80 percent transmission to the electron beam, i.e., 20 
percent is wire area and 80 percent is area of apertures. 
All other screens have a mesh size of 20 lines/inch and 
97 percent transmission. The purpose of the ?ne mesh, 
held at the desired potential, is to present, as nearly as 
possible, a ripple-free equipotential to the electrons 

' reaching the respective ?lters. However, even with the 
finest available mesh, the de?ning equipotential will 
never be perfectly ripple-free, since the mesh itself will 
impart low voltage ripples. 
A second embodiment of apparatus according to this 

invention is shown in FIG. 3C, wherein 18’ is an open 
mesh spherical electron mirror substituted for the sol 
id-backed mirror 18 of the embodiment of FIGS. 3A 
and 38. Mirror 18' is preceded by identical spherical 
grid 25’ and ring electrodes 26’ as in the ?rst embodi 
ment hereinbefore described and, in fact, mirror 18' 
can be identical in construction with screen 21a, i.e., 
having a mesh size of 100 lines/in, providing 20 per 
cent wire area and 80 percent aperture area. 

In this construction most of the high energy electrons 
pass through the meshes of the mirror without striking 

20 

25 

35 

45 

55 

65 

the wires, so that there is no spurious secondary elec 
tron generation added to the sample radiation. In order 
to trap high speed electrons traversing mirror 18' it is 
preferred to provide an electron trap 30 just past the 
mirror, and this can simply comprise a honeycomb 
metal structure such as utilized in an automobile radia 
tor, closed on the back side to bar passage of electrons 
therethrough and maintained at a positive potential of, 
typically, =l00 to =300v to securely retain all electrons 
clearing the mirror. 

It is usually preferable to use a pre?lter 17 in con 
junction with an open-mesh spherical mirror 18’ but, in 
some instances, mirror 18’ can be used alone. 

It is preferred to use a mesh of maximum open area 
and, if desired, a pair of planar mirrors can be substi 
tuted for mirror 18’, in which case these should be pre 
ceded by an electronstatic collimating lens which will 
then focus electrons returning along path 19, thereby 
effecting the same focusing function otherwise contrib 
uted by mirror 18. 
What is claimed is: 
1. An apparatus for analyzing the energy distribution 

of electrically charged particles having different kinetic 
energies, comprising, in combination: 

a. a source means for introducing charged particles 
into the analysis section of said apparatus; 

b. a low pass ?lter which reflects and focuses a ?rst 
fraction of said charged particles, said ?rst fraction 
consisting of those charged particles incident on 
said low pass ?lter from said source means having 
kinetic energies below a preselected high level en 
ergy limit; 

c. a retarding ?eld high pass ?lter maintained at a 
preselected electrical potential level barring pas 
sage of the charged particles within said ?rst frac 
tion having kinetic energies below a preselected 
low level energy limit while permitting passage of 
a second fraction of said charged particles consti 
tuting the remainder of the charged particles in 
said ?rst fraction; 

blocking means located between said low pass ?lter 
and said retarding ?eld high pass ?lter, said block 
ing means being disposed relative to the focus of ' 
said low pass ?lter to allow passage of said first 
fraction to said retarding ?eld high pass ?lter while 
preventing passage of substantially all other 
charged particles, and relative to said retarding 
?eld high pass ?lter to serve as an inlet means from 
which said ?rst fraction of charged particles di 
verge and pass to said retarding ?eld high pass ?lter 
which is constructed so that the equipotential sur 
faces generated by said high pass ?lter are substan 
tially normal to the trajectories of the particles 
within said ?rst fraction at their point of incidence 
on said high pass ?lter; and 

e. means for detennining the number of charged par 
ticles constituting said second fraction. 

2. The apparatus of claim 1 wherein said low pass ?l 
ter is a spherical low pass ?lter and said retarding ?eld 
high pass ?lter is a spherical-grid retarding potential ?l 
ter. 

3. The apparatus of claim 2 wherein said blocking 
means is an aperture means. 

4. The apparatus of claim 3 wherein said low pass ?l 
ter comprises an open mesh electron mirror followed 
by an electron trap for isolating substantially all of the 
charged particles incident on said low pass ?lter having 
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kinetic energies above said preselected high level en 
ergy limit. 

5. The apparatus of claim 3 further comprising an 
electrostatically charged pre?lter maintained at a sec 
ond preselected electrical potential level above that at 
which said low pass ?lter is maintained for preventing 
substantially all of the charged particles emanating 
from said source means with energies above said sec 
ond preselected electrical potential level from passing 
to said low pass ?lter. 

6. The apparatus of claim 5 wherein said low pass ?l 
ter comprises a solid backed electron mirror. 

7. The apparatus of claim 5 wherein said low pass ?l 
ter comprises an open mesh electron mirror. 

8. The apparatus of claim 7 wherein said open mesh 
electron mirror is followed by an electron trap for iso 
lating substantially all of the charged particles incident 
of said low pass ?lter having kinetic energies above said 
preselected high energy limit. 

9. The apparatus of claim 5 further comprising an 
electron condensing lens located between said source 
means and said pre?lter. 

10. The apparatus of claim 5 wherein said pre?lter 
comprises a parallel plate double focusing subassem 
bly. 

11. The apparatus of claim 3 wherein said means for 
determining the number of charged particles constitut 
ing said second fraction is an electron multiplier. 

12. The apparatus of claim 3 further comprising a 
conductive tube shielding the region between said low 
pass filter and said spherical-grid retarding potential 
filter. 

13. An energy analyzer for a moving stream of elec 
trically charged particles having different kinetic ener 
gies, comprising, in combination: 

a charged particle inlet means; 
b. a low pass ?lter which re?ects and focuses a ?rst 

fraction of said charged particles, said ?rst fraction 
consisting of those charged particles incident on 
said low pass ?lter from said charged particle inlet 
means having kinetic energies below a preselected 
high level energy limit; 

0. a spherical-grid retarding potential ?lter main 
tained at a preselected electrical potential level 
barring passage of the charged particles within said 
?rst fraction having kinetic energies below a prese 
lected low level energy limit while permitting pas 
sage of a second fraction of said charged particles 
constituting the remainder of the charged particles 
in said ?rst fraction; 

d. blocking means located between said low pass fil 
ter and said spherical-grid retarding potential ?lter, 
said blocking means being disposed relative to the 
focus of said low pass filter to allow passage of said 
?rst fraction to said spherical-grid retarding poten 
tial ?lter while preventing passage of substantially 
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all other charged particles and relative to said 
spherical-grid retarding potential ?lter to serve as 
an inlet means for said ?rst fraction to said spheri 
cal-grid retarding potential ?lter; and 

5 e. means for determining the number of charged par 
ticles constituting said second fraction. 

14. The energy analyzer of claim 13 wherein said low 
pass ?lter is a solid backed electron mirror. 

15. The apparatus of claim 14 further comprising an 
electrostatically charged pre?lter maintained at a sec 
ond preselected electrical potential level above that at 
which said low pass ?lter is maintained for preventing 
substantially all of the charged particles emanating 
from said charged particle inlet means with energies 
above said second preselected electrical potential level 
from passing to said low pass ?lter. 

16. A method for analyzing the energy distribution of 
electrically charged particles emanating from a source 
with different kinetic energies, comprising the steps of: 
a re?ecting and focusing a ?rstv fraction of said 
charged particles consisting of substantially all of 
those charged particles incident on a low pass re 
fleeting and focusing ?lter from such source with 
kinetic energies below a preselected high level en 
ergy limit; 

b. directing said ?rst fraction of charged particles to 
a blocking means disposed relative to the focus of 
the low pass ?lter to allow passage of said first frac 
tion of charged particles while preventing passage 
of substantially all other charged particles; 

c. further directing said ?rst fraction of charged par 
ticles which diverge from said blocking means to a 
retarding ?eld high pass ?lter which is constructed 
so that the equipotential surfaces generated by said 
high pass ?lter are substantially normal to the tra 
jectories of the particles within said ?rst fraction at 
their point of incidence on said high pass ?lter and 
which is maintained at a preselected electrical po 
tential level barring passage of those charged parti 
cles within said ?rst fraction having kinetic ener 
gies below a preselected low leVel energy limit, 
while permitting passage of a second fraction of 
charged particles constituting the remainder of the 
charged particles in said ?rst fraction; and 

d. determining the number of charged particles con 
stituting said second fraction. 

17. The method of claim 16 wherein said charged 
particles are subjected to preliminary concentration by 
passage through an electron condensing lens. 

18. The method of claim 16 wherein said charged 
particles are subjected to pre?ltration, prior to inci 
dence on said low pass ?lter, to substantially eliminate 
the effect of parasitic secondary electrons resulting 
from the impingement of high energy electrons on said 
electron mirror. 
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