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ABSTRACT OF THE DISCLOSURE 
A straight parallel channel electron multiplier where 

in channels are formed in a silicon diode biased in the 
reverse direction by a source establishing a longitudinal 
electric ?eld in said channels. 

The present invention relates to electron multipliers of 
the type in which a beam of primary electrons is multi 
plied through a series of secondary electron emissions 
within a set of straight, parallel channels, placed in a 
longitudinal electric ?eld. 
Such electron multipliers and the applications thereof 

in devices known as “light ampli?ers” have been de 
scribed in various publications, among others in the 
United States Patent 3,128,408 of July 7, 1964. 

It may be recalled that electron multipliers of the type 
speci?ed comprise an insulating body, pierced by canals 
of a very small diameter. The inner walls of the canals 
are coated with a very thin electrically resistive layer, 
having properties of secondary electron emission with a 
coe?icient 6>1. When an electric z?eld is produced in the 
canals by establishing a suitable difference of potential 
between the extremities of the resistive coatings, a beam 
of primary electrons penetrating into the canals under dif 
ferent angles causes a series of secondary electron emis 
sions on the internal coatings. The number of electrons 
at the output of the canals is then greatly increased as 
compared with the primary beam. 

Unfortunately, the manufacture of the emissive coatings 
for those electron multipliers is rather di?icult because 
the diameter of the canals does not exceed a few tens of 
microns, ‘while the thickness and the electric resistivity 
of the coating layers must be uniform over the entire 
length of the canals. Another di?ioulty lies in the neces~ 
sity of preventing the electric current that flows in the 
coatings from attaining an excessive value which could 
deteriorate the canals. 

This invention has for its object an improved structure 
of electron multiplier in which the drawbacks and incon 
veniences of the prior art structures are avoided. 

In accordance with the present invention, an electron 
multiplier of the type speci?ed is characterized in that 
the canals are pierced in the body of a silicon diode, 
biased in the reverse direction. 
Under these conditions there is no longer any need 

to provide the canals ‘with an internal coating since the 
silicon, by itself, possesses a secondary electron emission 
coefficient greater than 1. Moreover, the electric current 
that traverses the silicon (leakage current) is zero or 
negligible since the diode is in the reverse or blocking 
condition. 
The present invention will be best understood from the 

following decsription in connection with the accompany 
ing drawing in which: 
FIGURE 1 shows a light intensi?er that utilizes an 

electron multiplier of the known art; 
FIGURES 2 and 3 represent an electron multiplier in 
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accordance with the present invention, FIGURE 3 being 
a section along line III-III of FIGURE 2; and 
FIGURE 4 represents schematically a light intensi?er 

utilizing an electron multiplier in accordance with the 
present invention. 
The prior art light intensi?er, represented in FIGURE 

1, comprises ‘within an air-evacuated enclosure an in 
sulating cylinder 2, for example of glass pierced by canals 
3 whose internal walls are coated with a coating 4 made 
of a resistive substance, depositedpby surface treatment 
and capable of releasing secondary electrons with a ratio 
5>1 when submitted to the impact of primary electrons. 
On the opposite sides of cylinder 1 are photocathode 5 
and a fluorescent screen ‘6, between which a source of 
current 7 establishes a DC. voltage of a few hundreds 
or a few thousands of volts. The extremities of the canals 
3 facing the photocathode are carried at a potential 
somewhat lower than the screen. 
When a light image is projected onto photocathode 5, 

electrons released therefrom penetrate into the canals 3 
under different angles. These primary electrons cause on 
the emissive coatings 4 emissions of secondary elec 
trons ‘which, in turn, strike the emissive walls and cause 
emissions of tertiary electrons, and so on. Since the co 
e?icient 6 is greater than 1, the electrons are multiplied 
at the output of the canals 3 and produce on the fluores 
cent screen 6 an image 9 of a brilliancy intensi?ed with 
respect to that of the initial image 8. 

In accordance with the present invention, the electron 
multiplier of FIGURE 1, formed by the cylinder 2 and 
the canals 3, is replaced by the improved electron multi 
plier shown in elevational view in FIGURE 2 and in sec 
tional view in FIGURE 3. This novel electron multiplier 
comprises a thick diode of the “surface barrier” type, 
‘formed by a monocrystal of silicon ‘11 of high resistivity, 
bearing on one of its faces a rectifying gold contact 12 
and on the other face an aluminum layer 13- that provides 
an ohmic, i.e., non-rectifying contact. Canals I14 having a 
diameter of the order of 30 microns and spaced apart, 
for example, by one hundred microns from each other, 
are pierced into the diode whose thickness is about 1 
millimeter. 
A source of DC. voltage 15 sets ahe rectifying contact 

12 at —1,000 volts ‘With respect to the aluminum layer 
(reverse bias), whereby an accelerating electric ?eld is 
produced along the entire length of the canals. 

In operation, electron multiplication is obtained in the 
canals through secondary emissions merely on the walls 
of the canals which do not bear any complementary 
coating, since silicon has a secondary electron emission 
ratio 5> 1. ' 

Since the diode is biased in the reverse direction, the 
leakage current is negligible. 

Thick diodes can be made in different manners. If a 
monocrystal of silicion of high resistivity, for example, 
1 mm. thick, is available, canals of a few tens of microns 
are pierced in that sample by an electron beam, or by 
laser effect, or by any other process. In order to eliminate 
surface dislocations and, if necessary, to enlarge the 
"holes, the sample is soaked for a few minutes in an etch 
ing solution. The “surface 'barrier” type diode is then 
formed by evaporating obliquely on one of its faces a 
thin layer of gold and on the other face a layer of alumin 
ium or indium. 

If the resisitivity of the original monocrystal is suf? 
cient, the space charge zone that de?nes the zone of the 
electric ?eld will extend over the entire thickness of the 
crystal. 
The diode may also be constructed in an n-i-p type 

recti?er, !well known to those skilled in the art. 
Lithium (n impurity) is diffused in a monocrystal of 
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p silicon, thus producing an n region (excess of lithium), 
:n i region (compensated) and a p region (initial silicon). ' 
The i region is enlarged by draining the lithium ions in 
an electric ?eld obtained by biasing the diode in the 
reverse direction. The temperature must be comprised 
between 100 and 200 degrees. 
The dead 11 and p portions are reduced by ‘grinding and 

pickling, and the diodes thus obtained may have a thick 
ness of a few millimeters. 
A modi?cation of the technique for manufacturing 

thick diodes, also known to those skilled in the art, 
consists in totally suppressing the n region and depositing 
on the concerned face a layer of gold. Thereafter, like 
previously, one proceeds with piercing the canals, pick 
ling, and deposting the contacts. 
FIGURE 4 represents schematically a light intensi?er 

utilizing the electron multiplier of FIGURES 2 and 3. 
It comprises a photocathode 21, the electron multiplier 
symbolized by the block 22, and a ?uorescent screen 23. 
A source of voltage 24 and a voltage divider 25 permit 
to set the various elements at appropriate potentials. 
The silicon diode of the electron multiplier 22 is dis 

posed in the reverse direction with the gold face (rectify 
ing contact) facing the photocathode 21 and the alu 
minium side facing the ?uorescent screen 23. 

Like in FIGURE 1, the photocathode 21 here con 
verts a light image into an electron image. The latter 
penetrates into the multiplier 22 from which it emerges 
intensi?ed and strikes the ?uorcesent screen 23 on which 
it produces an image having increased brilliancy as com 
pared with the initial image. 

While II have shown and described several embodi 
ments in accordance with the present invention, it is 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modi?cations as 
'known to those skilled in the art, and I therefore do not 
wish to be limited to the details shown and described 
herein but intend to cover all such changes and modi?ca 
tions as are encompassed by the scope of the appended 
claims. 

I claim: 
1. An electron multiplier comprising a diode con 

stituted by a silicon wafer and two metal layers in rectify 
ing and non-rectifying contact with the two faces of said 
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wafer, respectively, said diode being pierced transversely 
with approximately straight, parallel canals, a source of 
direct current potential connected at its negative and 
positive terminals to said rectifying and non-rectifying 
layers, respectively, for biassing said diode in the reverse 
direction and simultaneously establishing a longitudinal 

_ electric ?eld within said canals, means for injecting pri 
mary electrons into said canals at the negative potential 
end thereof at various angles with respect to the inner 
surfaces of the canals, thereby causing multiple second 
ary electron emissions from said surfaces within the 
canals, and means for picking up the multiplied electrons 
emerging from said canals at the positive potential end 
thereof. 

2. A light intensi?er including an electron multiplier 
as claimed in claim 1, further comprising a photocathode 
opposite the negative potential face of said silicon wafer, 
a ?uorescent screen opposite the positive potential face of 
said silicon wafer, ‘and means for setting said photo 
cathode and said ?uorescent screen at direct current 
potentials lower than said negative potential and higher 
than said positive potential, respectively. 

3. An electron multiplier, comprising a photocathode, 
an anode and between said photocathode and anode a 
relatively thick diode structure of the barrier type having 
two faces and provided with relatively small canals ex 
tending through said diode structure from one face to 
the other, and rectifying contact means on one of said 
faces and non-rectifying contact means on the other of 
said faces. 

4. An electron multiplier according to claim 3, wherein 
said diode structure consists of a monocrystal of silicon. 
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