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(71) We, NORTH AMERICAN 
PHILIPS CORPORATION, residing at 100 
East 42nd Street, New York 10017, New 
York, United States of America, a Corpora-

5 tion organised and existing under the laws 
of the State of Delaware, United States of 
America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 

10 performed, to be particularly described in and 
by the following statement:— 

The invention relates to a semiconductor 
target for use in an image intensifier camera 
tube, and further relates to an X-ray image 

15 intensifier camera tube comprising such a 
semiconductor target 

A conventional target for image intensifier 
camera tubes which usually consists of silicon 
and is known as "silicon intensified target 

•20 (SIT)" operates with incident electrons 
accelerated to energies from 2.5 to 10 
keV corresponding to target gains of approxi-
mately 1 to 2000. In practice the photo-
cathode from which the electrons are obtained 

25 is held at a negative potential and the photo-
electrons strike the target which is sub-
stantially at ground potential. The drawback 
of the standard target is in the fact that in 
the range required for an X-ray image 

30 intensifier camera tube having photocathode 
voltages of —19 kV to —25 kV, the target 
gain is too high. Therefore the X-ray flux 
incident on the image intensifier camera tube 
must be kept low to avoid saturation of the 

35 output signal of the target. An X-ray image 
intensifier camera tube operated in this 
manner has a low signal-to-noise ratio. 

In an endeavour to avoid this drawback 
it is known to provide a metal buffer layer 

40 on the electron-incident side of the target. 
The function of this buffer layer is to dissipate 
some of the incident electron energy. How-
ever, such a buffer layer may give rise to 
local non-uniformities which result in a 

45 spotted image so that the choice of the 
material for the buffer layer is restricted to 
very specific metals and thicknesses so as to 
prevent the said formation of spots. 

In addition^ this solution has the important 
drawback that by inhibiting the incident high- 5 
energy electrons, X-ray radiation is generated 
in the metal layer. This X-ray radiation also 
generates charge carriers in the semiconductor 
target which contribute to an increase of the 
noise. 5 

According to a first aspect of die present 
invention there is provided a semiconductor 
target for use in an image intensifier camera 
tube comprising a semiconductor wafer for 
converting an electron image into electrical 6 
signals, which wafer consists mainly of a 
collector region of one conductivity type, has 
a first side for receiving the said electron 
image, and has at its oppositely-located 
second side means for storing charge carriers 6 
generated in the said collector region by high 
energy electrons incident at the said first side 
thereby forming from the electron image a 
charge image at the said second side, said 
first side comprising a highly doped surface 71 
layer of the first conductivity type which has 
a higher doping concentration than the 
adjoining collector region, said surface layer 
being covered with a metal buffer layer which 
is permeable to the incident electrons and 7 
has a thickness sufficient to dissipate some 
of the incident electron energy thereby im-
proving the signal-to-noise ratio in the said 
electrical signal, which buffer layer comprises 
a first metal layer on a second metal layer on 81 
the highly-doped surface zone^ the material 
of the second metal layer having a higher 
atomic number and a higher density than 
those of the first metal layer so that in dis-
sipating electron energy only low energy K „ 8: 
X-ray radiation is generated in the first metal 
layer of low atomic number, and the X-ray 
radiation generated in the second metal layer 
consists mainly of L a radiation with only a 
small proportion of K„ radiation, said L„ 91 
radiation being strongly absorbed in the 
highly-doped surface layer. 

With such a target construction, noise 
resulting from X-ray radiation generated in 
the buffer layer can be reduced to a very low 9: 
value. 



2 1,549,146 2 

The thickness of the highly-doped surface 
layer and. of the double metal buffer layer 
can be so chosen as to dissipate sufficient 
incident electron energy to so shift the gain 

5 vs. photocathode voltages curves of a silicon 
intensified target to the range required for an 
X-ray intensifier tube as to obtain an optimum 
signal-to-noise ratio. 

At least the collector region of the semi-
10 conductor wafer preferably consists of «-type 

silicon. The first buffer layer preferably com-
prises beryllium as the metal layer of low 
atomic number, and preferably the second 
inner layer is of niobium. The L„ radiation 

15 of niobium is strongly absorbed by the highly 
doped silicon surface layer. 

The means for storing charge carriers pre-
ferably comprise an array of regularly 
arranged islands of the second conductivity 

20 type which adjoin the second side of the semi-
conductor wafer and form p—n diodes with 
the collector region, although instead of this 
a homogeneous radiation-sensitive layer might 
alternatively be used. 

25 According to a second aspect of the inven-
tion there is provided an X-ray image 
intensifier camera tube comprising a target in 
accordance with the first aspect, and further 
comprising a photocathode for converting an 

30 X-ray image into an electron image, means 
to project the electron image onto the first 
side of the semiconductor wafer, and means 
to read out the charge pattern on the second 
side of the wafer so as to convert the charge 

35 pattern into electrical signals. 
Reference is invited to our copending 

U.K. patent application No. 05739/76 (Serial 
No. 1538561) which discloses and claims a 
semiconductor target suitable for use in an 

40 X-ray image intensifier" tube and comprising 
a semiconductor wafer for converting into 
electric signals an electron image from a 
photocathode in the tube, which wafer con-
sists mainly of a collection region of one 

45 conductivity type, has a first side for receiv-
ing said electron image and has at its opposite 
second side means for storage of charge 
carriers generated in said collection region 
by electrons incident at said first face thereby 

50 forming from the electron image a charge 
image at said second side, a metallic buffer 
layer permeable to electrons being present 
cm said first side, and said first side com-
prising a highly doped surface layer of said 

55 one conductivity type which has a higher 
doping than the adjoining collection region, 
the thickness of said highly doped layer and 
of said metallic buffer layer being selected 
so as to dissipate sufficient energy of the 

60 incident electrons to produce for the target 
a gain factor which varies between approxi-
mately 3 and 300 when the voltage of the 
photocathode with respect to the target varies 
between approximately minus 19 kV and 

65 minus 25 kV. 

An embodiment of the invention will now 
be described, by way of example, with 
reference to the accompanying drawings, in 
which: 

Figure 1 shows diagrammatically an X- 70 
ray image intensifier camera tube, 

Figure 2 is a diagrammatic cross-sectional 
enlarged view of a part of a semiconductor 
target in accordance with the invention, and 

Figure 3 shows the curve in which the 75 
intensification is plotted against the photo-
cathode voltage of a standard "SIT" com-
pared with the target according to the 
invention. 

In Figure 1, the X-ray radiation passes go 
through the window 2 of an X-ray image 
intensifier camera tube 1 and impinges upon 
the scintillation screen 3 which in turn 
illuminates a photocathode 4 which is in close 
proximity to the scintillation screen. Electrons 85 
emitted by the photocathode are focused by a 
focusing cone 5 and projected onto a first 
side of a target 6. The oppositely-located 
second side of the target 6 comprising a 
large number of regularly arranged diodes 90 
15 is scanned by an electron beam from an 
electron gun 7 which also comprises a cathode 
and grid electrode 9. The emitted scanning 
electron beam is deflected in the usual manner 
by deflection coils 8. 95 

In the X-ray image intensifier tube of this 
type, an increased negative voltage has to be 
applied to the photocathode in comparison 
with a conventional tube to obtain good 
resolution in the electron optics of the 100 
intensifier tube. In order to adapt the target 
6 to the above requirements of the X-ray 
image intensifier tube;, it is essential that the 
intensification of the target 6 be adjustable 
between approximately 3 and 300, when the 105 
photocathode voltage is varied between 
approximately —19 kV and —25 kV. The 
precise values depend on the particular design 
of the intensifier section. As shown in Fig. 
2, the high-energy electrons 14 generated by 110 
the photocathode 4 are incident on the n-type 
silicon collector region 11 and generate a 
large number of hole-electron pairs in the 
region 11. The holes diffuse and discharge 
reversely biased p—n diodes 15 (depletion 115 
zone 17) on the oppositely located surface 
of the target. The resulting charge stored on 
the diodes produces a potential profile corres-
ponding to the incident electron image. The 
potential profile is scanned and read-out by 120 
the scanning beam 18 generated by the 
electron gun 7. A resistive sea 16 is situated 
on an apertured oxide layer and on the diodes 
15 at windows in the oxide layer. 

In order to adapt the target 6 to the above 125 
requirements of the X-ray image intensifier 
tube where the photocathode voltage is varied 
between approximately —19 kV and -^25 
kV, and the target intensification must be 
adjustable between approximately 3 and 300, 130 
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the n-type collector region 11 on the side 
facing the incident electrons 14 is varied by 
a heavy phosphorus diffusion so as to provide 
a deep n+ "dead" layer 12 and by covering 

5 the surface thereof with a double metal buffer 
layer 13. The thickness of the layer 12 is 
approximately 0.5 micron and the thickness 
of the double metal layer 13 is approximately 
1 micron. The depth of the recombination 

10 layer 12 can be adjusted so as to minimise 
defects and non-uniformities of the target 
response caused by defects in the metal buffer 
layer 13. 

Fig. 3 shows typical intensification curves 
15 for a standard target and target in accordance 

with the invention in which the intensification 
factor is plotted on the vertical and the 
photocathode voltage (in kV) is plotted on the 
horizontal. Curve A relates to a standard 

20 target and curve B relates to a target accord-
ing to the present invention. The plotted 
curves show that the incorporation of the 
target 6 in accordance with the invention in 
an X-ray image intensifier camera tube will 

25 permit the operator to easily adjust the 
intensification of the tube from: 3 to 300 to 
give optimum signal-to-noise ratio for a 
specific diagnostic situation. 

In Fig. 2 the collector region I I consists 
30 of a monocrystalline silicon substrate. The 

phosphorus diffusion which produces the n* 
"dead" layer 12 is adjusted so as to obtain 
a very slow rise in the collector efficiency 
with the depth in the target. At the 5% 

35 collection efficiency point the rise in collection 
efficiency against the depth in the target 
should be less than approximately 50% per 
0.1 jim with correspondingly low rise ratios 
in other points on the collection-efficiency 

40 curve. 
The very slow rise in the collection 

efficiency with the depth in the target pro-
vides two advantageous effects: 1) non-
uniformities in target response caused by 

45 non-uniformities in the metal buffer layer 13 
are reduced. 2) excessive target noise caused 
by the absorption in the collector region 11 
of energetic X-ray quanta generated by photo-
electrons incident cm the metal buffer layer 

50 13 is strongly reduced. 
As described above, a correct choice of the 

combined thickness of the n+ "dead" layer 
and the metal buffer layer permits the target 
intensification to be varied for a given photo-

55 cathode voltage range so that this fails within 
the intensification range which is necessary 
for X-ray image intensifier tubes. The com-
bined thickness is, for example, so chosen 
that a target intensification is obtained which 

60 varies from approximately 3 to approximately 
300 when the photocathode voltage varies 
from approximately —19 kV to —25 kV 
(Fig. 3). 

The buffer layer 13 is made from two 
65 superimposed layers 13A and 13B of 

different materials (Fig. 2). The material of 
the outer first layer 13A, for example 
beryllium, has a low atomic number so that 
therein die incident high-energy electrons 
only give rise to a low energy X-ray radia- 71 
tion. The inner second layer 13B consists 
of a material which has a comparatively high 
density, for example niobium^ and in which 
in addition the X-ray radiation generated 
thereby high-energy electrons which penetrate 7 
through the outer layer 13A consists mainly 
of La radiation with only a small proportion 
of K„ X-ray radiation, The L» radiation is 
strongly absorbed by the n+ "dead" layer 12. 
The thickness of the outer layer 13A is so 8' 
chosen that approximately half of the incident 
electron energy is absorbed, and the density 
of the inner layer 13B is high enough to 
restrict the lateral diffusion of the high-energy 
electrons penetrating through the outer layer 8 
13A to less than 1 micron so as to avoid 
degradation of the resolution of the target. 

WHAT WE CLAIM IS :— 
1. A semiconductor target for use in an 

image inteosifier camera tube comprising a 9( 
semiconductor wafer for converting an 
electron image into electrical signals, which 
wafer consists mainly of a collector region 
of one conductivity type, has a first side for 
receiving the said electron image, and has 9i 
at its oppositely-located second side means 
for storing charge carriers generated in the 
said collector region by high energy electrons 
incident at the said first side thereby forming 
from the electron image a charge image at the 10C 
said second side, said first side comprising 
a highly doped surface layer of the first 
conductivity type which has a higher doping 
concentration than the adjoining collector 
region, said surface layer being covered with 10! 
a metal buffer layer which is permeable to 
the incident electrons and has a thickness 
sufficient to dissipate some of the incident 
electron energy thereby improving the signal-
to-noise ratio in the said electrical signal, 11C 
which buffer layer comprises a first metal 
layer on a second metal layer on the highly-
doped surface zone, the material of the second 
metal layer having a higher atomic number 
and a higher density than those of the first 115 
metal layer so that in dissipating electron 
energy only low energy K„ X-ray radiation 
is generated in the first metal layer of low 
atomic number, and the X-ray radiation 
generated in the second metal layer consists 120 
mainly of L„ radiation with only a small 
proportion of K a radiation, said L„ radiation 
being strongly absorbed in the highly-doped 
surface layer. 

2. A semiconductor target as claimed in 125 
Claim 1, in which the semiconductor wafer 
consists of silicon and the collector region is 
of the re-conductivity type. 

3. A semiconductor target as claimed in 
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Claim 2, in which the highly-doped surface 
layer is a phosphorus-diffused layer the dop-
ing profile of which is so chosen that at the 
depth where the collector efficiency is 5%, 

5 the increase in collector efficiency with depth 
is less than 50% per 0.1 micron. 

4. A semiconductor target as claimed in 
Claim 2 or Claim 3, in which the material 
of the first metal layer is beryllium. 

10 5. A semiconductor target as claimed in 
Claim 4, in which the material of the second 
metal layer is niobium'. 

6. A semiconductor target as claimed in 
any of the preceding Claims, in which the 

15 thickness of the outer, first metal layer is so 
chosen that approximately half of the incident 
electron energy is absorbed in this first metal 
layer. 

7. A semiconductor target as claimed in 
20 any of the preceding Claims, in which the 

density of the second metal layer is so high 
that lateral diffusion of the electrons penetrat-
ing into the second metal layer is less than 1 
micron. 

25 8. A semiconductor target as claimed in 
any of the preceding Claims in which the 
said means for staring charge carriers com-
prises an array of regularly arranged islands 
of the second conductivity type adjoining the 

30 second side of the semiconductor wafer and 
forming p—it diodes with the collector regioo. 

9. An X-ray image intensifier camera tube 

comprising a target as claimed in any of the 
preceding Claims, and further comprising a 
photocathode for converting an X-ray image 35 
into an electron image, means to project the 
electron image onto the first side of the semi-
conductor wafer, and means to read out the 
charge pattern on the second side of the wafer 
so as to convert the charge pattern into 40 
electrical signals. 

10. An X-ray image intensifier camera tube 
as claimed in Claim 9, in which the thickness: 
of the highly doped surface layer and of the 
metal buffer layer are so chosen that sufficient 45 
incident electron energy can be dissipated to 
provide an intensification factor which varies 
between 3 and 300 when the voltage of the 
photocathode with respect to the target varies 
between —19 kV and —25 kV. 50 

11. A semiconductor target substantially 
as described with reference to Figure 2 of 
the accompanying drawings. 

12. An X-ray image intensifier camera tube 
substantially as described with reference to 55 
Figures 1 and 2 of the accompanying draw-
ings. 

R J. BOXALL, 
Chartered Patent Agent, 

Berkshire House, 
168/173 High Holborn, 
London, WC1V 7AQ. 

Agent for the Applicants. 
Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1979 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 
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