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1. 

IONIC MICROANALYSERS 
This application is a continuation-in-part of our application 

Ser. No. 712,406, filed March 12, 1968, which was a con 
tinuation-in-part of our application Ser. No. 518,453, filed 
Jan. 3, 1966, (now abandoned) which was a continuation of 
our application Ser. No. 326,566, filed Nov. 27, 1963 (now 
abandoned) for "Improvements in microanalyzers by secon 
dary emission." 
The present invention relates to the mass-resolving system 

of microanalyzers making use of the secondary ion emission 
for producing, by means of a particle system which combines 
ion optics and mass spectrometry, "characteristic images" of 
the surface of the sample which indicate the map of distribu 
tion of its various elements or isotopes. 
Such microanalyzers are known in the art. A suitable system 

was described in the French Pat. No. 1,240,658. 
The images must be selective with respect to the mass m of 

the secondary ions. In fact, as in mass spectrometry, the selec 
tivity can be obtained only as a function of the ratio milq, 
where q is the charge of the ion. This being understood, it will 
be assumed hereinafter that the ions utilized for forming the 
images are positive ions, with a single charge; this will not be a 
restriction as to the use of the arrangement described since an 
ion with a mass m and a charge 2q behaves in an electric or a 
magnetic field as an ion with a mass m/2 and a charge q. 

It is known that in an ionic microanalyzer, the secondary 
ions, obtained by the impact of primary particles, are emitted 
from the sample surface with a certain amount of energy dispersion. 
As in a mass spectrometer, these secondary ions are 

thereafter accelerated by a fixed voltage V, which is applied 
between the specimen and an accelerating electrode, and im 
parts to each of the ions an energy E equal to V electron 
volts, the total energy of the ion being then V+AV, where AV 
is the initial energy, in electron volts, of the ion. 

In order to minimize the ratio AVIV, V should be high, 
However, for practical reasons, V cannot be chosen as high as 
it would be desirable in this respect, and the energy dispersion 
of the secondary ion beam is never negligible. 

Since the magnetic filtering of the ions is not selective with 
respect to the mass m of the ions, but to their momentum mv, 
where v is the ion velocity (m v?q if all the ions have not the 
same charge) a satisfactory mass filtering of the ions requires, 
as is often the case in mass spectrometry, the adjunction of a 
filtering with respect to energy, in addition to the filtering with 
respect to momentum, so as to retain in the useful beam only 
those ions whose initial energy is lower than a given threshold, 
or lies in a predetermined energy band, the threshold, or the 
band, being a function of the mass of the ions used for the 
image and of the masses of the other ions present in the secon 
dary ion beam. 

In a microanalyzer, this energy filtering raises however 
problems which are not encountered in mass spectrometry 
and which are due to the following factors: 

in mass spectrometry, the energy filtering needs only to 
preserve the image of a narrow slit, generally considered as a 
one-dimensional aperture. In a microanalyzer strict conditions 
must be respected for two two-dimensional images, i.e. the 
image of a two-dimensional aperture, and the image of the 
sample surface. 
One solution of this problem consists in effecting the energy 

filtering with the help of an electrostatic mirror. 
This system, however, can be used only for imparting a max 

imum threshold (and not a minimum one) to the energy of the 
ions, which energy filtering is generally, but not always suffi 
cient. On the other hand, where very high ion currents are 
used, the operation of the mirror may be perturbed by space 
charge in the vicinity of the reflecting electrode, where the 
velocity of the noneliminated ions is zero. 
According to the present invention, which eliminates the 

above-mentioned drawbacks, the energy filtering is effected 
by means of a spherical capacitor associated with auxiliary 
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2 
lens means, the spherical capacitor having optical properties 
which, in the problem considered here, can compare with 
those of the mirror, and allowing a high degree of achromatici 
ty in the image finally obtained. 

It is recalled here that in particle optics, the term achro 
maticity as applied to an image is used to indicate the absence 
of aberrations due to the fact that the particles used for form 
ing the image have different velocities. 
The invention will be better understood and other charac 

teristics thereof will appear, from the following description 
and appended drawings, in which: 

F.G. 1 is a diagram illustrating the principle of the operation 
of a magnetic prism used in a known microanalyzer; 

FIG. 2 illustrates the optical properties, used in the present 
invention, of a spherical capacitor; 

FIGS. 3 to 6 are the optical diagrams of various preferred 
embodiments of the double filtering system according to the 
invention; 

FIG. 7 is a detailed embodiment of an ionic microanalyzer 
using the optical diagram of FIG. 6. 
The apparatus of the invention uses two deflectors having a 

common radial plane. Each of those deflectors has a pair of 
conjugate real stigmatic-points for ions having a predeter 
mined mass and velocity, and entering it along a given axis. 
A convenient magnetic deflector of this type, already used 

in known microanalyzers, is a magnetic prism. It is known that 
a magnetic prism or sector is a space region limited, along two 
faces, by a dihedron, with, disregarding edge effect, a uniform 
magnetic induction parallel to the line of intersection of the 
planes of the dihedron, which line will be assumed here to be 
vertical. It is generally obtained by means of an electromagnet 
whose pole pieces, of adequate design, having parallel plane 
inner faces, separated by a gap the width of which is small as 
compared with the dimension of the pole pieces. A radial 
plane of a magnetic deflector being a plane perpendicular to 
the magnetic induction, a magnetic prism has more than one 
radial plane. The radial plane more particularly considered 
here is the plane of symmetry of the two pole pieces. 

FIG. 1 shows the section in the radial plane of a magnetic 
deflector 1, which is a 90 deflector, i.e. a deflector deflecting 
by an angle of 90 the center ray of the beam of particles 
which it is desired to select. Two axes ZZ and ZZ", con 
tained in this plane and normal to each other, intersect each 
other at H and the two faces of the prism respectively at I and 
I', H I being equal to HI'. 

e and e' are the oriented acute angles of the normals at I and 
I' respectively with the straight lines ZZ and Z'Z'. 
An ion P, with a mass m, and a velocity v directed along 

ZI, entering the prism at I has its trajectory inside this prism in 
curved along an arc of a circle, tangent at I to ZI, the radius R 
of this circle being proportional to mov/B where B is the mag 
netic induction inside the prism. 
B may be adjusted so that R=l H; the ion P then leaves the 

prism at I", and its trajectory follows the half-line I'Z', tan 
gent at I' to the arc II". 

This trajectory ZII'Z' is defined as the "optical axis" of the 
prism for a bundle of trajectories in the vicinity thereof. The 
surface normal to the radial plane along the optical axis is 
called the transverse section of the prism. 

It is convenient to indicate the optical properties of the 
prism considering only the rectilinear portions of the trajecto 
ries, outside the prism, and their virtual prolongations into the 
prism. 
These trajectories will thus be related to the two axes ZHZ 

and ZHZ", which will be respectively designated as the ob 
ject axis, and the image axis. The origins of the ordinates on 
those two axes are respectively I and I", and the positive 
directions thereofare from Z to Z and Z' to Z' respectively. 
The focusing properties of the prism for trajectories con 

tained in the radial plane are well known and applied in mass 
spectrometers to conjugate the entrance slit and the exit slit 
optically. 
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in particular, there exists, for the trajectories of the radial 
plane in the vicinity of the optical axis, an object-side focal 
point F, an image-side focal point F" and a focal distance f, 
such that any point N, real or virtual, of the object axis has a 
conjugate image point N', real or virtual, of the image axis, N' 
being such that 

The focusing properties of the prism for trajectories lying in 
the transverse section also find an application in a 
microanalyzer. As is known these properties, which are based 
on the existence of a small radial component, due to an edge 
effect, of the magnetic induction in the vicinity of the prism 
edges, exist only if the optical axis of the prism is at an angle 
with the normal to the prism at the entrance or/and at the 
emergence face thereof. The horizontal component, which is 
normal to the prism face, is zero in the radial symmetry plane 
of the prism, and increases, with opposite directions, above 
and under this plane, and, if it is at an angle with the velocity 
vector of the ions, produces a force, a component of which is 
vertical. 
The trajectories lying in the transverse section and crossing 

under these conditions a face of the prism are correspondingly 
incurved; this results in focusing properties of the prism in the 
transverse section. 
However, the focal points and the focal distance for the 

transverse section are generally different from those pertain 
ing to the radial plane. 
More precisely, to any object point with an abscissa on the 

object axis, there corresponds on the image axis, a first image 
point, conjugate of the object point in the radial plane, with an 
abscissa', and another image point, conjugate of the object 
point in the transverse section, with an abscissa "2. 
For reasons, which will be set forth hereinafter, it is 

preferred to have a symmetrical design of the prism system, 
i.e. to have e-e". ZZ and Z'Z' are then symmetrical with 
respect to the vertical plane bisecting the prism. 
Under those conditions, the formulas giving ' and '2, 

given in the general case by the Cotte theory (Maurice Cotte, 
doctorate thesis "Recherches sur l'optique electronique,' 
Masson et Cie Paris, 1938), become 

- S. -- 1+(tan (). 
R -tan e- (1-tan e); 

r S. -g+(1-g tan ); 
- 1 - l?o - (1 stan () (2 tan 2 

In the known ionic microanalyzer, angle e-e' is chosen so 
as to ensure the coincidence of the two image points M', rela 
tive to one and the same object point M symmetrically located 
with M' relatively to the prism. This is possible for a theoreti 
cal value of: for tane (e being then equal to about 27), the 
corresponding values of and '-' FA.h' being 

'2 
R tan? (); 

A beam of revolution with its apex in M and its axis along ZI 
will thus become after the crossing of the prism a beam sub 
stantially converging in M' and which, by reason of symmetry, 
will be a beam of revolution about I'Z'. The advantage of 
making e'= -e is thus clearly seen, since it avoids aberrations 
of the images through preserving the symmetry of revolution 
of the beam. 
On the other hand, among all the couples of points N and 

N', conjugate in the radial plane, and respectively lying on the 
object and the image axis, there exists a couple of points C and 
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4 
C" such that a plane beam of the radial plane, having its apex 
in C and its axis along CI is converted by the prism into a beam 
converging in C', not only for ions Po, but also, disregarding 
first order terms, for all those ions whose momentum is slightly 
different from mov, in other words, as concerns ions with the 
mass m, for a certain velocity band including v. Point C" will 
be called hereinafter the achromatic focal point of the prism. 
For the particular prism considered above, C and C" are 
respectively given by 

In the absence of an energy filtering, the microanalyzer of 
the known type operates as follows (FIG. 1): 
A magnetic prism of the above type is used. 
The surface of the specimen 5 to be analyzed is placed nor 

mally to the axis ZI. 
A plurality of electrodes 6, forming with the specimen sur 

face an immersion lens, through suitable voltages being ap 
plied to the sample and to the electrodes, accelerates the ions 
and imparts thus to them a supplemental energy EF2 m. v. 
=V electron-volts, and is so located that its crossover O is 
centered on M. The convergence of the lens is so adjusted that 
the secondary ions extracted from the specimen under the im 
pact of primary particles, for example primary ions, are con 
centrated into a beam giving a real magnified image Si of the 
analyzed sample surface (i.e. a small portion of the surface of 
the specimen), which image, in the absence of the prism 
would be centered on point C. 
Under those conditions, the prism gives in C" an image S' 

of S, and consequently of the analyzed surface, and, in M', an 
image Q. of the crossover Q, the latter being stigmatic, while 
the former, which is conjugate of S only as concerns the radi 
al focusing, is astigmatic. 
Two diaphragms 3 and 13, with circular apertures, are 

respectively located in M and M'. These diaphragms, as con 
cerns their selectivity in the radial plane, play the part of the 
selection slits of a conventional mass spectrometer and ensure 
the momentum filtering of the secondary ion beam. 
The vertical image S', practically achromatic for ions with 

mass m and a velocity comprised in a velocity band including 
v is converted into a real image by means of a lens 7. How 
ever, this image, as indicated above, may be contaminated by 
ions having a mass different from m. 
On the other hand, the image S" is astigmatic in the trans 

verse direction, but this is a defect which it is easy to correct 
on the final image by means of a conventional stigmator 8 
placed in the vicinity of the diaphragm 13, so that it will not 
substantially perturb the stigmatism obtained for Q. 

FIG. 2 shows the operation, considered perse, of a spherical 
capacitor used in particle optics. 

It will be recalled that, in the case of an electric field, and of 
a plane optical axis, the radial plane is that plane which con 
tains both the field and the axis, in other words the unique 
plane containing the optical axis, where the latter is incurved. 

In FIG. 2 a spherical capacitor, with two electrodes P and 
P., has been shown by its section in a diametral plane, as 
sumed to be horizontal, this capacitor being limited by two 
vertical planes oX and coy. An arc K of a circle, having the 
same center a) as the electrodes P and P, and a radius r which 
is the half-sum of the radii of P and P., has also been shown. 

Suitable voltages are applied to electrodes P and P, to 
make the potential along K equal to the potential outside of 
the capacitor, the potential difference between P, and P 
being such that ions with a mass m penetrating into the 
capacitor in i, intersection of the arc K with oX, with a 
velocity vo directed along the tangent zi to the arc K, describe 
this arc K inside the capacitor and consequently leave it along 
the tangent i'z' to the arc K, i' being the intersection of this 
arc with oY. - 
The system with the optical axis zi'z" has in a radial plane 

optical properties similar to those of a magnetic prism in a 
radial plane, and which will be set forth in the same way, using 
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the virtual prolongations into the capacitor of the rays 
penetrating therein, as well as the oriented axes ziz and z'i'z', 
which are the object axis and the image axis of the system. 

In this system, an object-side focal point fand an image-side 
focal point f" may be respectively determined on the object 
axis and the image axis, and the optical properties indicated 
for the radial plane of the magnetic prism hold for the capaci 
tor, if f, f', zz, z'z' are substituted for F, F, ZZ and Z'Z', 
and a constant f, for the constant f. 
But the spherical capacitor has in addition the property that 

what has been said for the radial focusing holds for the focus 
ing in the transverse section, i.e. the vertical surface cutting 
the radial plane along the optical axis, with the same focal 
points and the same focal length f. It is to be noted that this 
latter property is specific of spherical capacitors and does not 
belong to the cylindrical capacitors generally used in mass 
spectrometry. 

Lastly the Applicants have established that two conjugate 
points c and c' may be defined, for which the direction focus 
ing, as well the radial as the transverse one, is substantially in 
dependent of the energy of the ions. There is thus obtained a 
focusing for an energy band centered on mo v?o, and con 
sequently, as concerns the ions with the mass m, for a certain 
range of velocities centered on v. Point c' will be called 
hereinafter the achromatic focal point of the capacitor. 

It is thus possible, with a spherical capacitor, to obtain an 
achromatic energy filtered ionic image, in the same way as an 
achromatic momentum filtered image may be obtained with a 
magnetic prism. It suffices to chose two conjugate real points 
m and m', points m, m', c and c' playing then the part previ 
ously played by points M, M', C and C". But the stigmator is 
here necessary only to correct the edge effect in the capacitor. 
The two deflecting sectors, i.e. the prism and capacitor, are 

serially located, preferably so that the first sector (prism or 
capacitor) supplies an achromatic filtered image of the sam 
ple, which image is taken up by a conventional optical system 
to be projected, with a suitable magnification, onto the point 
which is the conjugate, at least in the radial plane, of the 
achromatic focal point of the second sector, the latter supply 
ing thus an achromatic double filtered image. 
Of course, the vertical astigmatism correction must be ef 

fected on the image supplied by the magnetic sector. 
There is thus obtained a purely mass-filtered image, which is 

achromatic for a velocity band including v. 
This image is again taken up by a conventional optical 

system to be projected onto an observation screen, preferably 
through an ion-electron image converter. 
Moreover, the invention has for its object more particular 

associations of the two deflecting sectors, such that ions with a 
mass m penetrating into the first sector with a velocity vector 
directed along the object axis of this sector leave the second 
sector along the image axis thereof, independently, disregard 
ing terms of the second order, of the value of this velocity. 
There is thus obtained an "achromatic system' allowing a 

still larger contribution of the ions with the mass m to the 
final image, while still avoiding the intrusion, in the final 
image, of ions with a different mass. In addition, the system is 
achromatic not only for the ions of mass m, but also for the 
ions whose mass is slightly different from mo, which ensures a 
very high resolving power of the apparatus. 

Before describing associations of the two sectors, the elec 
tric sector which is preferably used will be more accurately 
determined. Again here, it is preferred to use, as shown in 
FIG. 2, an optical axis whose circular portion is a 90° arc, for 
reasons of convenience, and also because it facilitates the 
preferred association modes of the two sectors. 

In order to obtain this 90° arc, it obviously suffices that 
(FIG. 2) oX and oY should be perpendicular to each other, 
the two focal points fandf then coincide with i and i' respec 
tively, and the conjugation relation is 
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ini'n'-s-r. 

The achromatic focal point c' (which is accurate disregard 
ing second order terms) coincides with the point of intersec 
tion of the object and image axes, as well as with its conjugate 
C. 

FIGS. 3 to 6 show several embodiments of the association of 
the preferred type. On those Figures, the same elements are 
designated by the same symbols as in FIGS. 1 and 2. 
On the other hand, the plane of all the Figures is the sym 

metry radial plane of the magnetic sector and a radial plane of 
the electric sector, the object axis of the second sector coin 
cides with the image axis of the first one, those two superim 
posed axes being hereinafter designated as the "common ax 
is." This being so, either of the two sectors may occupy a posi 
tion derived from that of FIGS. 1 or 2, not only through a dis 
placement in which the radial plane slides on itself, but also 
through a 180° rotation around its object or image axis, which 
of course does not alter its properties in the least way. 
According to whether the two optical axes lie or not on one 

and the same side of the common axis, the assembly will be 
called an assembly of the "C" type or of the 'S' type. 

Lastly, for all the described assemblies, the term “angle of 
dispersion" will mean that angle which is formed between the 
image axis of the second sector and the emergence rectilinear 
trajectory of an ion of mass mot-Am and energy V+AV, having 
penetrated into the first sector with a velocity vector directed 
along the object axis of the first sector. 

In FIG. 3, an assembly of the "C" type has been shown, 
wherein the first sector is the magnetic prism. The prism of 
FIG. 1 and all the elements preceding it are again present in 
the assembly of FIG.3. 
But the lens 7 is no longer there and is substituted by a lens 

9, which is, like the stigmator 8, located in the vicinity of point 
M'. The diaphragm 13 is, as previously, centered on point M'. 
The lens 9 is very near M' so that it is possible, for the sake of 
simplicity in the language and formulas, to consider that the 
image which it gives of point M' practically coincides with M'. 

Point i of the electric sector is at a distance D from M'. 
Image point M' of the prism optical system may also be con 
sidered as an object point m of the capacitor optical system, 
and is thus called point M', m in the Figures. The convergence 
of the lens 9 is adjusted to give of the virtual image S', given 
by the prism, a real images centered on point c, c' of the 
spherical capacitor, the latter image playing the part of a vir 
tual object for the capacitor, which gives thereof a virtual 
images', also centered on point c,c', but normal to its image 
axis. On the other hand, the capacitor gives of the crossover in 
M",m a further image centered on pointm', conjugate of point 
M", m in the capacitor optical system, i.e. defined by i'm'=-r 
(-D), (D being a positive length). 
At this pointm', a further diaphragm 23 is located. The lens 

18, which forms the ultimate ion image is centered on this ob 
ject axis, beyond the diaphragm 23. 
Such a structure allows the obtention of an "achromatic 

system": Calculation shows that the angle of dispersion or of 
the system is 

D--r V D--r 1720 

It suffices to make D+r-2 R to have a system, which is 
dispersive with respect to mass, without being dispersive with 
respect to energy or velocity, since in that case 

- Am yer -- 
720 

In particular, as shown in FIG. 3, this relation obtains for 

Under those conditions, the velocity "pass-band' of the 
ions of mass m is optimum, 

FIG. 4 shows an assembly of the "C" type, wherein the 
capacitor precedes the prism. 
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Point m lies on the half-axis zi. The specimen 5 and an ac 
celerating lens 16 are placed normally to the axis z z and the 
lens adjusted so as to give a crossover Q centered on m and the 
real images of the sample surface. This real image acts as a 
virtual object for the capacitor which gives thereof a virtual 5 
images'. 
A diaphragm 33 is centered on m to delimitate the cros 

SOWe 

The magnetic sector is so located that the point M of its op 
tical axis coincides with the point m', which is the conjugate of 10 
point m in the electric sector and whose position on the object 
axis thereof is given by i'm'=-rlin-D. 
At pointm',M, as at point M',m of FIG. 3, a diaphragm 43 is 

located, and, in the immediate vicinity thereof, a lens 9, which 
allows the projection, onto point C of the prism, of a real 15 
image S. of the virtual images' given by the capacitor, the 
image S is for the prism a virtual object. 
The conditions are now again those which were described, 

with the help of FIG. 1, for the obtention of an image filtered 
only as to the momentum of the ions. The corresponding ele 
ments have not been shown again in FIG. 4. 
The angle of dispersion of the assembly of FIG. 4 is 

-3 F-1) A3 Am o' 4 V2 Vo 4 tio 

An achromatic system is thus obtained for 

20 

25 

The mass dispersion being then 30 
3 Am. 

cy - - - 
4 mo 

In particular this condition obtains, as shown in FIG. 4, for 
35 

D=reR. 

It has been assumed, hereinabove, that the optical center of 
the lens 9 (FIGS. 3 and 4) practically coincided with the 
center of the diaphragm, 13 or 43, respectively. In fact, this 
condition is not easily met with a very good degree of accura 
cy, because the lens is generally an electrostatic one, and it is 
difficult to place a diaphragm very near its center without per 
turbing its operation. 

Besides, the lens considered here has a comparatively large 
focal length, and its dimensions are large. 

It is thus preferred to substitute for the single lens centered 
on the common axis a group of two lenses, each of which has 
then a smaller focal length than that of the single lens. 
As will be shown, it is thus possible to realize assemblies of 50 

the "S" type, which from the point of view of dispersion and 
achromatism, have properties respectively similar to those of 
the "C" type assemblies with a single intermediate lens, this 
being due to the fact that the passage from the "C" type to the 
"S" type is associated with the change of an inverted image to 
a noninverted image as concerns the sample image given by 
the intermediate lens system. 

FIG. 5 shows an arrangement of the "S" type where the 
prism precedes the capacitor. The structure is the same as that 
of FIG.3 between the sample and point M'. 
The diaphragm 13 delimiting the first image of the initial 

crossover is centered on M". 
A first convergent lens 31, with a focal length f, has its ob 

ject-side focal point in M', and a second convergent lens 32, 
with a focal length f, is placed, relatively to the capacitor, so 65 
that its image-side focal point coincides with point m of the 
capacitor optical system. There is thus obtained in man image 
of the crossover in M'. 
The distance L between the two lenses is determined so that 

the points C" of the prism optical system and c of the capacitor 70 
optical system are conjugate with respect to the two-lens 
system. 
The conditions are now the same, for obtaining the final 

image, as in the case of FIG. 3. 
The angle of dispersion of this system is 
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2R if AV a- - - - 2Rf 2.Am - D -- f V. D+ f1 m, 

An achromatic system is obtained for 
2R 

f D --r 

The mass dispersion being then 
A? 

cy - - - 
27 

If fif, an achromatic system is obtained for 
Dr-2 R. 

FIG. 6 is an arrangement of the "S" type, with two inter 
mediate lenses, wherein the electric sector precedes the mag 
netic sector. 
Nothing is changed, relatively to FIG. 4, between the sam 

ple and point m'. 
The intermediate optical system may be the same as that of 

FIG. 5, the diaphragm 43 being centered on m', where the ob 
ject-side focal point of lens31 is also located, while the image 
side focal point of the lens 32 coincides with the point M of 
the prism optical system, and the distance L between the two 
lenses being such that the point c' and C are conjugate with 
respect to the two-lens system. 
The conditions are now the same as those which prevailed 

in the case of FIG. 4 for the obtention of the final image. 
The angle of dispersion is 

= -1 +5. T4 2R f V 4. f 222 

The system is achromatic for 
f1-2R 
fT D--r 

The angle of dispersion being then 
3.J 1, an 
4 f 772 

Withff, the condition D+r-2 R is again obtained. 
The apparatus shown in FIG. 7 is a practical embodiment of 

a microanalyzer according to the optical diagram of FIG. 6. It 
comprises five main parts connected so as to build up a 
vacuumtight enclosure in which a vacuum is maintained with 
the help of a pumping system not shown in the Figure. 
The first part is the specimen chamber 51 wherein the 

specimen 5 to be analyzed is placed on a support 53, which 
may be displaced along three directions, each of which is per 
pendicular to the other two, by means of a mechanism 54, the 
controls of which are outside the specimen chamber. , 
An ion gun 55, fixed in the specimen chamber generates the 

beam of primary ions for the bombarding of the sample. The 
secondary ions, which will be assumed to be positive ions, are 
accelerated and focused by means of a three-electrode lens 16 
forming with the sample an immersion lens. To this end, the 
sample is brought, by means of a voltage source 57, to a poten 
tial Vo which is positive relatively to the ground potential of 
the apparatus. Three potentiometers 61, 62 and 63 are con 
nected across this voltage source; the first and third electrodes 
of the lens 16 are grounded, while the second electrode is 
brought by means of the potentiometer 61 to an adjustable 
positive potential less than V in order to adjust the conver 
gence of the lens. A diaphragm 33 is placed at the crossover of 
this lens. 
The second part of the apparatus is an enclosure 59 com 

prising the electric sector, built up by the spherical electrodes 
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P and P, respectively brought to potentials -V and +V by 
means of a voltage source 162. 
The third part is the intermediate enclosure 163 containing 

the energy selection diaphragm 43, and the two three-elec 
trode lenses 31 and 32, whose convergences are adjusted by 
means of the potentiometers 62 and 63, whose sliders are con 
nected to the second electrode of those two lenses respective ly. 
The fourth part is the enclosure 67, containing the pole 

pieces the lower one of which, 68, is visible in the Figure, of an 
electromagnet 19 generating the magnetic prism. The coils 70 
of this electromagnet are located outside the enclosure 67 and 
connected to an adjustable current source 71 for the adjust 
ment of the magnetic induction. 
The fifth part is the enclosure 72 containing the stigmator 8, 

the diaphragm 13 and the image converter, the latter and the 
electric supply thereof not being shown in the Figure. A 
binocular-viewing device 75 is used to observe the image ap 
pearing on the luminescent screen of the image converter. 
Of course, the invention is not limited to the embodiment 

shown and described. 
In particular, it is possible to use for the electric sector as 

well as for the magnetic sector optical axes whose circular 
portions are built up by arcs other than 90 arcs, it being al 
ways possible to determine on the former as well as on the 
latter an achromatic focal point. 

Also, it is of course possible to use a "C" type assembly with 
a two-lens intermediate system, or an S-type assembly with a 
one-lens intermediate system; however, the degree of achro 
maticity thus obtained is not so satisfactory as in the described 
embodiments. 

It should be noted that the stigmator which is necessary in 
the described embodiments to correct the image of the sample 
surface given by the prism is not, in fact, a drawback of the 
embodiments described, since anyhow a stigmator is always 
necessary in such complex optical systems to correct minor 
astigmatisms such as those resulting from edge effects, and 
since, generally, the different astigmatisms may be corrected 
by means of a suitably designed single stigmator. 

In this connection, it should be noted that the stigmator 
should be, for the reason hereinabove indicated, located in the 
vicinity of one of the crossovers. 
We claim: 
1. An ionic microanalyzer for providing a selective ionic 

image of a surface of a sample, said microanalyzer comprising: 
means for bombarding a surface of a sample with primary 

particles, thereby extracting secondary ions from said sur 
face; 

first lens means, having an axis, for accelerating said ions 
and concentrating them into a beam having a crossover 
centered at a predetermined point of said axis of said lens 
means and providing a first image of said surface, said 
first image being centered at a further point of said axis; 

means for filtering the ions of said beam with respect to 
their mass-to-charge ratio, said filtering means compris 
ng 

a. E. and a second deflector, one of which is a magnetic 
deflector having two pole pieces defining a gap having 
lateral faces normal to said pole pieces, and the other of 
which is a spherical capacitor, 

said deflectors having a common radial plane with respect 
to which said two pole pieces are symmetrical with each 
other, 

each of said deflectors having in said radial plane an optical 
axis comprising, inside the considered deflector, an arc of 
a circle having two ends, which arc is preceded and fol 
lowed respectively by a first and a second rectilinear por 
tion, respectively tangent to said arc at said two ends 
thereof, and respectively lying on a first and second 
rectilinear axis, respectively referred to as the object axis 
and the image axis of the considered deflector, 
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10 
each of said deflectors having first and second conjugate 

real stigmatic points respectively lying on said object axis 
and said image axis of the considered deflector, said first deflector being located to have its object axis along 
said axis of said first lens means, and its first stigmatic 
point at said predetermined point of said axis of said lens 
means, 

said second deflector being located to have its object axis 
along the image axis of said first deflector, the superim 
posed last two-mentioned axes being referred to as the 
common axis of said filtering means, 

said filtering means further comprising a diaphragm cen 
tered on said common axis at said second conjugate stig 
matic point of said first deflector and second lens means, 
having an axis coinciding with said common axis, for 
forming in an image plane a further image of the image 
formed by said first deflector, at least as far as radial 
focusing is concerned, of said first image of said surface 
and for forming, at said first conjugate real stigmatic 
point of said second deflector, an image of said second 
conjugate real stigmatic point of said first deflector; 

a screen, 
and further lens means having an axis coinciding with said 
image axis of said second deflector, for projecting said 
selective ionic image onto said screen; 

said further image in said image plane being inverted or 
erect according to whether said first lens means and said 
further lens means lie on one and the same side or on op 
posite sides of that plane, normal to said radial plane, 
which passes through said axis of said second lens means. 

2. An ionic microanalyzer as claimed in claim 1 wherein, 
each of said deflectors having for said optical axis thereof an 

achromatic focal point located on the image axis thereof, 
and said further point of said axis of said first lens means 

coinciding with the conjugate relatively to said first 
deflector, at least as far as radial focusing is concerned, of 
said achromatic focal point of said first deflector, 

said second lens means being further such that said image 
plane intersects said axis of said second lens means at a 
point which, in relation to the second deflector, is the 
conjugate, at least as far as radial focusing is concerned, 
of said achromatic focal point of said second deflector. 

3. An ionic microanalyzer as claimed in claim 2, wherein 
said first lens means and said further lens means lie on one and 
the same side of said plane normal to said radial plane and 
wherein said second lens means comprise a single lens. 

4. An ionic microanalyzer as claimed in claim 2, wherein 
said first lens means and said further lens means respectively 
lie on opposite sides of said plane normal to said radial plane 
and wherein said second lens means comprise a first and a 
second lens. 

5. An ionic microanalyzer as claimed in claim 1, wherein: 
said axis of said first lens means and said axis of said further 
lens means are parallel to each other and perpendicular to said 
axis of said second lens means; said axis of said second lens 
means and that one of the two axes of said first and further 
lens means which is intersected by one of said lateral faces of 
said gap make angles equal in absolute value to Arc tan 4 with 
the normals at said lateral faces of said gap at their respective 
points of intersection with said lateral faces; and a stigmator is 
provided for correcting the astigmatism of the image of said 
surface provided by said magnetic deflector. 

6. An ionic microanalyzer as claimed in claim 5, wherein 
said diaphragm is centered on said axis of said second lens 
means at a point located at the distance D=2R-r from the 
point at which said last-mentioned axis is tangent to said arc of 
a circle of said optical axis of said spherical capacitor, Rand r 
being respectively the radii of said arcs of a circle of said opti 
cal axes of said magnetic deflector and of said electrostatic 
deflector respectively. 


