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4 Claims. (CI. 313-102) 
This invention relates to photo-electric cells and has 

an important application in photo-electric multipliers. 
It has been found that in photo-electric cells there is 

a minimum residual current which is thought to be due 
to thermionic emission of the electrons from the photo 
electric surface of the cathode, and it has been found 
that this occurs at ordinary atmospheric temperatures. It 
will be appreciated that this residual current sets a limit 
to the minimum level of radiation which can be detected. 
This effect is particularly noticeable in the case of photo 
multiplier tubes in which the primary electron beam is 
magnified by successive secondary emission with the re 
sult that the initial residual current is appreciably mag 
nified in the output current. 

Whilst in general there is no material difference be 
tween the thermionically emitted electrons and the photo 
electrons which are emitted as a result of radiation, there 
is the important distinction that the thermionic elecrons 
at emission have a much lower kinetic energy and hence 
a lower velocity than the photoelectrons. 
The main object of the present invention is to provide 

an improved photo-electric cell in which the residual cur 
rent is appreciably reduced. 
The present invention comprises a photo-electric cell 

provided with an intercepting electrode or electrodes 
which occupies a small proportion of the electron beam 
cross section together with focusing means adapted to 
focus slow moving electrons on to the intercepting elec 
trode or electrodes whilst allowing electrons with higher 
transverse velocities to pass by. 

It will be appreciated that with such an arrangement 
it is possible to focus on to the intercepting electrode a 
large proportion of the electrons due to thermionic emis 
sion since these low velocity electrons can be readily 
focused on to a smaller area than the electrons due to 
photo-electric emission with the result that the faster 
electrons do not impinge on the intercepting electrode but 
by-pass it and subsequently impinge on either a secondary 
emissive electrode or collector electrode. 
The focusing may be magnetic or electrostatic and in 

the case of electrostatic focusing may comprise an annular 
electrode through which the beam passes or a multi-aper 
tured plate having an intercepting electrode associated 
with each aperture on to which the thermionic electrons 
are directed. 

In order that the invention may be more clearly under 
stood reference will now be made to the accompanying 
drawings, in which: 

Figs. 1 and 2 explain the principle underlying the in 
vention. 

Figs, 3 and 4 respectively show alternative arrange 
ments of intercepting electrodes, whilst 

Fig. 5 is a plan view of the intercepting electrode in 
the arrangement shown in Fig. 4. 

Fig. 6 shows diagrammatically a photo multiplier em 
bodying the intercepting electrode arrangement shown in 
Figs. 1 and 2, and Fig. 7 similarly shows a photo multi 
plier embodying the electrode arrangement of Figs. 4 
and 5. 
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2 
In the arrangement of Fig. 1, the reference 1 indicates 

the envelope of the tube which is formed with a photo 
emissive coating 2 indicated by chain lines on the inner 
end face, 3 is a small circular disc, maintained at a 
positive potential with respect to the photo-emissive coat 
ing 2, constituting an intercepting electrode and extend 
ing across the centre of the beam path. It is assumed that 
the beam path extends vertically downwards and has an 
axis indicated by the chain dotted line. 4 is a cylindrical 
electrostatic focusing electrode, maintained at a negative 
potential. 

In operation the tube is so designed that the slow mov 
ing thermionic electrons will be focussed to impinge ön 
electrode 3, and hence will be intercepted. The photo 
electrons, however, which have high initial velocities tan 
gential to the cathode surface, will not be focussed to 
anything like the same extent in the plane of electrode 3, 
With the result that few of them will strike on this elec 
trode and the majority will pass uninterrupted down the 
tube and impinge on collector electrodes 16, 17 and 18. 
In Fig. 1, the paths of the slow moving thermionic elec 
trons are indicated by dotted lines but in Fig. 2 the paths 
of the photo-electrons emitted with high initial velocities 
tangential to the cathode surface are indicaed and it will 
be observed that these mainly pass by the electrode 3. 

Fig. 3 shows a modified arrangement in which the 
photo-electric cathode is formed as a semi-transparent 
layer 2 on the spherical end face of the envelope 1". 
Electrons are accelerated from the photo-emissive cath 
ode by a radial electro-static field produced by an annu 
lar focusing electrode 5 to impinge on the intercepting 
electrode 3 at the centre of curvature of the end face. 
The annular electrode 5 has a part spherical contour. It 
will be appreciated that here again the low velocity elec 
trons will impinge on the electrode 3 but the electrons of 
high initial transverse velocities will pass through the 
annular space between the electrode 3 and the accelerat 
ing electrode 5 and will impinge on the first secondary 
emissive electrode 6 and on collector electrodes. 7 
and 8. 

Figs. 4 and 5 show a further arrangement comprising 
a pair of spaced electrode plates 7 and 8. The plate 7 
is the focusing electrode and is formed with a series of 
apertures 9 which are aligned with apertures 10 in the 
plate 8, each of which latter apertures has a central disc 
shaped electrode 4 which is supported by conducting 
wires and is therefore at the same potential as the plate 
3. Electrons passing through the apertures 9 are focussed 
by the potential on the electrode 7 to pass through the 
apertures 10 and whilst the slow moving electrons will 
be largely focussed on to intercepting electrodes 11, the 
electrons with higher initial transverse velocities will pass 
through the apertures between the intercepting electrodes 
is and the edges of the apertures and impinge on col 
lector electrodes 16”, 17" and 8”. It will be appreciated 
that whilst for simplicity only seven apertures have been 
shown, in general a larger number of apertures may be 
used and the spacing between the plates will be adjusted 
accordingly. 
When the apertures are circular, the relationship be 

tween the spacing between the electrode plates 7 and 8 
and the voltages required to be applied thereto is given 
by the approximate formula: 

where V is the potential between the first electrode 7 
and the emissive layer 2, V, that between the second 
electrode 8 and the emissive layer 2; x is the spacing 
of the first electrode from the emissive layer, and x2 
the spacing between the first and second electrodes. 
At the plane of the second electrode an electron 



3 
emitted from the cathode with a tangential energy. 
Vice will cross at a distance of from an axis of an aligned 
system, where f the focal length may be shown to be . . . . . 
AAAA S ShhhhhSSSSSS A0A0 S S 

which, if x is comparable with x1, is approximately *2/2. 

5 

Suppose Vox is 40 electron volt, which is comparable 
. with thermionic i energies of emission at 300° K., then if 
V is equal to 10 volts, ox=%0, then such electrons will be 
intercepted and blocked by the disc of radius f/20. 

Photo-electric electrons of energy 1.0. e.v., can pass 
through an aperture of radius fav10, which is 40 times 
the blocked i radius. ; It is. evident that the thermionic 
electrons may be substantially intercepted, although the 
photo electrons may be nearly all transmitted. . . . . . . . . . . . . . 
One can imagine an arrangement such as has just been . . . 

described in which ; xi= 10 mm., x2=10 mm., V= 10 
volts, V-100 volts, with aperture radii 1.6 mm., with 

10. 

4 
intercepting electrode, so as to create a retarding field at 
the intercepting electrode which repels secondary elec 
trons back to it, while allowing the photo electrons, which 
move forward with high velocities, to be transmitted. 

In the tube shown in Fig. 6 which embodies the inter 
cepting electrode arrangement of Figs. 1 and 2, the en 
velope of the tube is fixed on a cap; 12 having contact 
pins 13 for insertion in a socket in accordance with well 
known practice. . . . . . . . 

The focussing electrode 4 is carried on a lead 14. The 
cathode 2 has a connector. 15 on one side of the envelope. 

5 

20 
a central blocking disc, at the centre of each aperture, of 
radius 0.25 mm. 
The central disc can be supported by wires or strips of 

width preferably not greater than 0.50 mm. to avoid 25 
- Clearly the smaller the proportion of the solid area 
of the electrode plates to the total area, the smaller will 
be the interception of photoelectrons. Normally it does 
not appear practicable to reduce the relative area of the 

undue interception of photoelectrons. 

solid part of the foraminated electrode below 10%. 
. . . Instead of the electrodes being plane, in an alternative 

i arrangement the cathode and the first and second foram 
inated accelerating, electrodes may form; concentric 
spherical or part spherical surfaces, so that the axes which 

i pass, through the centres of the holes are radial lines di- “ 
rected from the cathode surface to the centre of the sphere 

. . . . . which it forms, either wholly or in part. In this instance 
also the central portions of the holes in the second elec 
trode are to be blocked to intercept thermionic electrons 
emitted by the cathode, the electrode spacings and applied 
potentials being such that the second electrode lies in or 
near to the focal surface of the electron lens system so 
formed. 
The electrons which pass through the apertures will 

then proceed in a forward direction, and in the case of the 
spherical arrangement will be concentrated to fall on a 
first multiplying target or dynode of relatively small area, 
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or in the case of the separate electron streams of the 
plane parallel construction, they may be concentrated by 
a further electron lens system so that the separate elec 
tron streams fall on the same multiplying target. 

In a further arrangement, the photoemissive cathode 
may be the inner surface of a cylinder or part cylinder, 
the electrons then being accelerated by an inner acceler 
ating electrode maintained at a positive potential, and the 
thermionic electrons then being intercepted by a strip or 
rod near the axis of the cylinder. The diagram for this 
arrangement is the same as for Fig. 3, if it is understood 
that Fig. 3 represents a section of the device taken normal 
to the axis, with suitable positive potentials applied to 
electrodes 3 and 5, and the secondary electron multiply 
ing electrode 6. This arrangement will not fully have 
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the advantage of a rotationally symmetrical system since 
a proportion of photoelectrons, viz, those emitted parallel 
to, or nearly parallel to, the longitudinal axis will be 
intercepted undesirably by the strip 3. - 

Precautions may be necessary to prevent the passage of 
secondary electrons emitted by the intercepting target, 
especially those generated by the thermionic electrons 
which are incident on it. This may be achieved by inter 
posing an apertured electrode between the intercepting 
electrode and the secondary emitting target, the additional 
electrode being maintained at a lower potential than the 

70 

The multiplier part of the tube, is shown as consisting of 
a cascaded arrangement of secondary electron-emissive . . . 
electrodes or dynodes 16, 17 and 18 supported on axially . . . . . 
extending leads 19 and surrounded by a mica screen 20. 

Fig. 7 shows a dynode embodying the electrode ar 
rangement shown in Figs. 4 and 5. In this case, how- . . . . . 
ever, the plates 7 and 8 are located nearer the electron s 
emissive electrode 2 whilst the dynodes have different 
contours as shown clearly in the drawing. . . . . . . . 
What I claim as new and desire to secure 

Patent of the United States is: . . . . . . . . . . 
1. A photo-eiectric cell comprising a photo sensitive 

cathode and a collector electrode, a multiapertured fo 
cusing electrode extending across the electron path, means 
for applying a potential to said focusing electrode, and a 
plurality of electron absorbent intercepting electrodes. . . . . 
with a total surface area which is small compared with 
the cross-sectional area of the beam and aligned with the . . . . . 
beams passing through the apertures in said focusing elec 
trode so as to intercept and absorb the slow moving 
electrons. S S S S SS S SS SS SS 

2. A photo-electric cell comprising a photo-sensitive 
cathode, a disc forming an intercepting electrode located 
in the path of a beam of electrons leaving said cathode, 
the area of the surface of said disc being small relative 
to the cross-sectional area of said beam, a cooperating 
plate extending across said path, the edges of said disc 
and of said cooperating plate being spaced relatively to 

40 
for focusing slow moving electrons on to the surface of 
one another so as to define an annular space, and means, 

said disc without appreciably deflecting the high velocity 
electrons from passing through said annular space. 

3. A photo-electric cell comprising a photo-sensitive 
cathode, a disc forming an intercepting electrode located 
in the path of the beam of electrons leaving said cathode, 
the area of the surface of said disc being small relative to 
the cross-sectional area of said beam, a cooperating plate 
extending across said path, the edges of said disc and of 
said cooperating plate being spaced relatively to one 
another so as to define an annular space, and electro 
static focusing means for focusing slow moving electrons 
on to the surface of said disc without appreciably deflect 
ing the high velocity electrons from passing through said 
annular space. 

4. A photo-electric cell comprising a photo-sensitive 
cathode, a disc forming an intercepting electrode in the 
path of the beam of electrons leaving said cathode, the 
area of the surface of said disc being small relative to 
the cross-sectional area of said beam, an annular focusing 
electrode extending around said beam, the edges of said 
disc and of said focusing electrode being spaced relatively 
to one another so as to define an annular space, and 
means for applying a potential to said focusing electrode 
so as to focus slow moving electrons on to said disc 
without appreciably deflecting the high velocity electrons 
from passing through said annular space. 
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