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( 7 1 ) W e UNITED KINGDOM ATOMIC 
ENERGY ATHORITY, London, a British 
Authority do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it 
ns to be performed, to be particularly de-
scribed in and by the following statement: 

The invention relates to the deflection of 
ion beams by electrostatic mirror apparatus. 

10 The invention provides an electrostatic 
mirror apparatus for deflection of a positive 
ion beam, which apparatus comprises an 
evacuable enclosure through which the ion 
beam passes, front, intermediate and rear 

15 electrodes each formed of sheet or mesh ma-
terial and spaced apart in a direction gener-
ally transverse to the electrode surfaces, the 
front and intermediate electrodes being 
relatively close together and apertured for 

20 passage therethrough of the ion beam into 
and out from the mirror space between the 
intermediate electrode and the rear elec-
trode, means for holding the front electrode 
at substantially the same electrical potential 

25 as the said enclosure through which the ion 
beam passes, means for applying to the 
intermediate electrode an electrical poten-
tial which is negative with respect to the 
front electrode, and means for applying to 

30 the rear electrode an electrical potential 
which is positive with respect to the front 
electrode and effects the desired deflection 
of the ion beam as it passes through the 
mirror space. 

35 In one arrangement according to the in-
vention at least the rear electrode conforms 
to a curved surface to shape correspond-
ingly the electrostatic field formed in the 
mirror space between the electrodes when, 

40 in operation of the system, the appropriate 
electrical potentials are applied to the elec-
trodes. 

The apertured electrodes may be in the 
form of a mesh to permit the ion beam to 

45 enter into and exit from the mirror space. 

However, it is preferred that the electrodes 
are formed of sheet material and the aper-
tures are slots provided at predetermined 
locations where the beam enters into and 
exits from the mirror space. 50 

In a preferred arrangement according to 
the invention the front apertured electrode 
extends to the walls of said enclosure to 
avoid fringing penetration of electrostatic 
field from the mirror space side of the said 55 
front apertured electrode into the enclosure 
on the other side thereof. 

The invention also provides a method of 
effecting a scanning deflection of a beam of 
ions which method comprises deflecting the 60 
beam by an electrostatic mirror apparatus 
as aforesaid and varying the relative elec-
trical potential of the rear electrode with 
respect to the front electrode of the 
apparatus. 65 

Specific constructions of electrostatic 
mirror apparatus and methods of operation 
embodying the invention will now be de-
scribed by way of example and with refer-
ence to the drawings (Figures 1 to 10) filed 70 
with the Provisional Specification and the 
drawings (Figure 11) filed herewith, in 
which:— 

Figures 1 to 4 show electrodes in trans-
verse section and ion beam trajectories de- 75 
rived from simulation of the electrode 
apparatus on a digital computer, using a 
field mapping and ray tracing programme; 

Figures 5 to 7 show electrodes in trans-
verse section of a three electrode apparatus 80 
and illustrate ion and electron trajectories 
in such an apparatus; 

Figures 8, 9 and 10 illustrate the effect 
upon an ion beam of varying the electro-
static potential applied to the third elect- 85 
rode of a three electrode apparatus; 

and Figure 11 is a cross-sectional view 
showing structural features of a three 
electrode apparatus. 

Electrostatic mirror apparatus compris- 90 
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ing simply two spaced, parallel, planar 
electrodes for the deflection, focussing and 
energy analysis of both electron and ion 
beams are known. The front electrode is 

5 either a mesh or a plate with input and 
output apertures. 

In Figures 1 to 4, two electrode mirror 
apparatus is shown in which at least one 
of the electrodes is curved. In Figures 1 

10 to 4, the front electrode 11 is apertured 
at 12, 13 to permit passage of ion beam 14 
into the mirror space between the elect-
rodes. The front electrode 11 is held at 
earth potential and the rear electrode 15 

15 is held at a potential sufficient to effect the 
desired reflection. In the examples shown 
in Figures 1 and 2 the beam energy is 30 
kV. In the examples shown in Figures 3 
and 4 the corresponding beam energy and 

20 rear electrode potential are 29 kV. 
Shaping of the electrodes may be applied 

in either one or both planes, the Figures 
show analysis of curvature in only one 
plane. Figure 1 shows curved electrodes re-

25 focussing at 16 a beam which enters the 
mirror from a focus at 17. 

In Figure 2, electrodes of different cur-
vature bring a slightly converging beam to 
a sharp focus at 18, after deflection through 

30 the mirror. 
In Figure 3, a parabolic rear electrode 

15 with a plane mesh, front electrode 11 
forms a converging beam into a parallel 
beam. 

35 Figure 4 shows the deflection of a 
divergent beam to a parallel beam by a 
hyperbolic rear electrode 15, again with a 
plane mesh front electrode 11. 

A disadvantage of a simple two electrode 
40 electrostatic mirror apparatus is that the 

earthed front electrode is not adequate to 
prevent extraction of electrons from a space 
charge neutralised ion beam, the electron 
extraction effect extending well beyond the 

45 front electrode. This stripping of electrons 
from an ion beam leads to beam defocus-
sing, because of the repulsion between like 
positively charged ions. It is therefore very 
desirable to limit the length of beam over 

50 which the mirror system extracts electrons. 
Figures 5 to 7 illustrate a three electrode 

apparatus in which electron extraction can 
be effectively limited to that part of the 
beam which is within the mirror space. 

55 These Figures show a simple plane elect-
rode configuration with a rear electrode 21, 
to which the mirror potential is applied— 
positive for reflecting a positive ion beam— 
an apertured front electrode 22, held at 

60 earth potential and an apertured inter-
mediate electrode 23. By applying a 
negative potential to the intermediate elect-
rode 23, extraction of electrons to the rear 
electrode 21 from the region outside the 

65 mirror can be reduced or prevented. This 

is illustrated by computed electron tra-
jectories illustrated at 24 in Figure 5. In 
the example electron energy of 0.1 KeV 
is assumed and the electrode potentials are 
respectively 0, - 2 k V , and +30kV for front 70 
(22), intermediate (23) and rear (21) elect-
rodes. 

Figure 6 shows the importance of cor-
rect dimensions of the aperture in the inter-
mediate electrode, in that a larger aperture, 75 
given the same electrode potentials and 
electron energy, is ineffective to prevent 
extraction of the electrons 24 to the posi-
tive rear electrode 21. Increase in aperture 
may be compensated, at least to some ex- 80 
tent, by increasing the magnitude of the 
negative potential applied to the inter-
mediate electrode 23. 

Figure 7 illustrates an example of ion 
trajectories 25 for a simple parallel plane 85 
electrode configuration but with the inter-
mediate negative electrode. The ion energy 
is 30kV and the potentials on the electrodes 
are respectively front 0V, intermediate 
—2kV, rear +30kV. 90 

Figures 8 to 10 illustrate the capability 
for scanning an ion beam by varying the 
potential applied to the rear electrode of 
the mirror system. Figure 8 is a graph 
showing the displacement of the exit beam 95 
as a function of the ratio of the energy of 
the charged particle to the mirror potential. 

Figure 9 and 10 illustrate the change in 
position of the exit beam as the above 
defined ratio is changed. The change in 100 
position is marked at 31 where the central 
exiting ray crosses the ordinate. For con-
venience in computing, the mirror potential 
in the calculations is maintained constant 
and the input ion beam energy is varied 105 
—from 29.6 kV in Figure 9 to 30.39 kV 
in Figure 10. This is equivalent to main-
taining a constant ion energy and applying 
a small scanning voltage to the mirror 
potential. n o 

It will be appreciated that the principles 
of curvature of electrodes illustrated in 
Figures 1 to 4 may be applied to a three 
electrode apparatus according to the inven-
tion, thereby reducing the effects of strip- 115 
ping of electrons from the ion beam. 

Figure 11 is a cross-sectional view show-
ing details of the structure of a plane three 
electrode mirror apparatus 41 mounted for 
ready insertion into the beam tube of an 120 
electromagnetic separator, such as is de-
scribed in Patent Specification No. 1 280 011. 

The three electrodes comprise an earthed 
front electrode 42, an intermediate elect-
rode 43 close to the front electrode 42 and 125 
a third, reflector electrode 44. In this 
example, the reflector electrode 44 is 
spaced 2.0 centimetres from the front elect-
rode 42 and is mounted on a cylindrical, 
metal block 45. A leadthrough metal rod 130 
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46 provides both mechanical support and 
electrical connection for the reflector elect-
rode. The rod 46 is received in a bore 47 
in the block 45, which is adjustably 

5 clamped to the rod 46 by a nut 48 co-
operating with an axially extending slot in 
the block 45. In this way, the position of 
the reflector electrode 44 can be adjusted. 

The rod 46 is located in an insulator 49 
which is clamped to flange plate 51, by 
which this part of the apparatus is mounted 
in the beam tube. Hollow cylindrical shields 
52 and 53 overlap in the manner of a tele-
scope but are spaced from one another, 

15 the inner shield 52 being an earthed shield 
attached to the flange plate 51. The outer 
shield 53 is attached to the reflector elect-
rode 44 and thus takes the potential of this 
electrode. 

20 The front electrode 42 and intermediate 
electrode 43 are supported together from a 
metal tube (not shown) clamped to another 
flange plate (not shown). The metal tube 
extends at right angles from the electrode 

25 support assembly 54 and provides access 
for electrical supply to the intermediate 
electrode 43 insulated from the earthed 
front electrode 42. 

The intermediate electrode is mounted 
30 on an electrical socket member 55 which 

is a push fit onto an intermediate electrode 
voltage supply pin 56 forming part of a 
terminal mounting 57 in a boron nitride 
insulator 58. The insulator 58 is itself a 

35 push fit within a cylindrical metal sleeve 
59 forming the exterior of the support 
assembly 54 and connected mechanically 
and electrically to the front electrode 42. 

The intermediate electrode 43 is thus sup-
40 ported close to, but electrically insulated 

from, the front electrode 42. The voltage 
supply to the intermediate electrode is 
brought through the interior of the support 
assembly 54. The front electrode is earthed 

45 by the connection through the metal sleeve 
59 and the metal tube (not shown) to the 
flange plate bolted to the side of the beam 
tube. 

The front electrode 42 and intermediate 
50 electrode 43 are each provided with 

accurately positioned apertures; an entrance 
aperture 61 and an exit aperture 62 for 
passage of the ion beam into and out from 
the mirror space. 

55 The foregoing references to the beam 
tube and the front electrode being 
"earthed" are based upon the usual arrange-
ment in which the beam tube is indeed 
earthed according to the strict meaning of 

60 the word. However, it will be appreciated 
that it is possible for the whole system to 
be held at some specified potential relative 
to earth. The essential requirement so far 
as operation of the mirror apparatus of 

65 the foregoing example is concerned is that 

the front electrode should be at substan-
tially the same potential as the beam tube. 
The operation of the mirror apparatus is 
then determined by the potentials of the 
other two electrodes relative to that of the 70 
front electrode. 

With this apparatus, ion beams of in-
tensity greater than 100 microamps in an 
electromagnetic separator have been turned 
through 90°. 75 

In such apparatus it has been observed 
that high beam currents can cause the ion 
beam to "blow up" (i.e. expand) as it enters 
the mirror space and then be focused down 
on exit to a beam narrower than that in- 80 
cident upon the mirror apparatus. 

The invention is not restricted to the 
details of the foregoing example. For in-
stance, two mirror apparatus operating 
sequentially upon an ion beam and turning 85 
the beam through 90° can be arranged to 
displace the beam laterally, without chang-
ing the final direction of the beam. 

WHAT WE CLAIM IS:— 
1. An electrostatic mirror apparatus for 90 

deflection of a positive ion beam, which 
apparatus comprises an evacuable enclosure 
through which the ion beam passes, front, 
intermediate and rear electrodes each 
formed of sheet or mesh material and 95 
spaced apart in a direction generally trans-
verse to the electrode surfaces, the front 
and intermediate electrodes being relatively 
close together and apertured for passage 
therethrough of the ion beam into and out 100 
from the mirror space between the inter-
mediate electrode and the rear electrode, 
means for holding the front electrode at 
substantially the same electrical potential 
as the said enclosure through which the 105 
ion beam passes, means for applying to the 
intermediate electrode an electrical poten-
tial which is negative with respect to the 
front electrode, and means for applying to 
the rear electrode an electrical potential 110 
which is positive with respect to the front 
electrode and effects the desired deflection 
of the ion beam as it passes through the 
mirror space. 

2. An electrostatic mirror apparatus as 115 
claimed in Claim 1, wherein at least the 
rear electrode conforms to a curved surface 
to shape correspondingly the electrostatic 
field formed in the mirror space between 
the electrodes when, in operation of the 120 
system, the appropriate electrical potentials 
are applied to the electrodes. 

3. An electrostatic mirror apparatus as 
claimed in Claim 1 or Cla'm 2, wherein 
the apertured electrodes are in the form of 125 
a mesh to permit the ion beam to enter 
into an exit from the mirror space. 

4. An electrostatic mirror apparatus as 
claimed in Claim 1 or Claim 2, wherein the 
electrodes are formed of sheet material and 130 
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the apertures in the apertured electrodes 
are slots provided at predetermined loca-
tions where the beam enters into and exits 
from the mirror space. 

5 5. An electrostatic mirror apparatus as 
claimed in any of the preceding claims, 
wherein the front apertured electrode ex-
tends to the walls of the said enclosure to 
avoid fringing penetration of electrostatic 
field from the mirror space side of the said 
front apertured electrode into the enclosure 
on the other side thereof. 

6. A method of effecting a scanning de-
flection of a beam of positive ions, which 

15 method comprises deflecting the beam of an 
electrostatic mirror apparatus as claimed in 
any of the preceding claims and varying 
the relative electrical potential of the rear 
electrode with respect to the front electrode 

of the apparatus. 20 
7. An electrostatic mirror apparatus 

substantially as hereinbefore described with 
reference to, and illustrated in, Figures 5, 
6, 7, 9 and 10 of the drawings filed with 
the Provisional Specification. 25 

8. An electrostatic mirror apparatus 
substantially as hereinbefore described with 
reference to, and illustrated in, the drawing 
(Figure 11) filed herewith. 

9. An electrostatic mirror apparatus as 30 
claimed in Claim 7 or Claim 8, modified 
to provide curved electrodes as described 
with reference to and as illustrated in 
Figures 1 to 4 of the drawings filed with 
the Provisional Specification. 35 

M. J. LOFTING, 
Chartered Patent Agent, 

Agent for the Applicants. 

Printed f o r H e r Majesty's Stationery Office fay T h e Tweeddale Press Ltd. . Berwick-upon-Tweed. 1980. 
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may be obtained. 
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