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detection element to obtain an output corresponding to
SEMIEIINDUCI‘OR RADIATION DETECTOR

an amount of radiation incident on the detector unit.

This invention relates to a semiconductor radiation

In the semiconductor radiation detector of this inven
tion a metal layer is formed on a single crystal silicon

detector and in particular to a silicon substrate type
detection device for detecting radiations such as X—rays

substrate with an impurity concentration of less than
1014 cm-3 (speci?c resistance of above 300 Q-cm) to

or 'y-rays.

In the past, an ionization chamber type detector and

form a surface barrier therebetween. This permits an
amount of incident radiation to be detected without the

scintillator type photoelectromultiplier detector have

necessity of applying a bias therebetween. The surface

often been used in the measurement of radiations. How

barrier may be formed either in direct contact with the

ever, such detectors have the disadvantages of being

metal layer and the single crystal silicon substrate or

bulky in size and heavy in weight. Recently, semicon

with a thin interposing ?lm, such as a silicon oxide ?lm

ductor radiation detectors are often used to attain light
weight, miniaturized units. In such a typical detector, a

(of a thickness of below 50 X), left therebetween. If the
impurity concentration of the single crystal silicon sub
strate is more than 1014 crn-3. It would be impossible to

detection element is utilized which is formed by diffus
ing an impurity into an n-conductivity type single crys
tal silicon substrate to form a p-conductivity type layer
with a pn-junction between the substrate and the p-con

detect a radiation of low energy or low rate with practi

cally suf?cient sensitivity. It is desirable that the carrier
life time of the substrate be above 200 psec, preferably

ductivity type layer.

above 500 psec.
In the radiation measurement, the detection element 20 This invention will be described by way of example in
connection with the accompanying drawings, in which:
is supplied with a high voltage of, for example, —- 1,000
V to form a depletion layer. When in this state‘ a radia
FIG. 1 shows a semiconductor radiation detector
tion is incident on the detection element, electron hole
according to a ?rst embodiment of this invention;
FIGS. 2 and 3 are graphs showing a relation of a
pairs are excited and according to the internal ?eld the
electrons are taken out from the substrate side, and the 25 detection output to a radiation rate;
‘
FIGS. 4 and 12 are perspective views showing modi
holes from the p-conductivity type layer side, thus ob- '
?ed forms of the detection element shown in FIG. 1;
taining an output corresponding to the incident radia
FIG. 13 shows a detection element of a semiconduc»
tion rate.
tor radiation detector according to a second embodi
Such a semiconductor radiation detector, though
30 ment of this invention;
small in size, has the following disadvantages:
FIGS. M to I3 are perspective views showing vari
(1) A low-noise detector and ampli?er are required in
ous modi?ed forms of the detection element shown in
the detection of radiations of low energy or low rate
and a bias applying power source is also required,
FIG. 13;
FIG. 19 shows the detection unit of a semiconductor
resulting in an expensive measuring device.
radiation detector according to a third embodiment of
(2) The current leakage and dark current of the detec
tion element need to be reduced, preventing easy
this invention;
FIGS. 20 to 22 are perspective views showing vari
manufacturing of the radiation detector.
ous forms of the detection unit of FIG. 19;
(3) Since a high voltage needs to be applied to the detec
FIG. 23 is a view showing the detection unit of a
tion element, there are involved great deterioration of
characteristics, in particular, the lowering of with 40 semiconductor radiation detector according to a fourth

stand voltage.
(4) In operation, the detection element needs to be held
in a vacuum container and cooled by a cooling me

dium such as liquid nitrogen. Thus, a cooling con

tainer, cooling medium and holding container are

required, making the device bulky.

embodiment of this invention;
FIG. 24 is a perspective view showing a modi?ed
form of the detection unit shown in FIG. 23; and
FIGS. 25 and 28 are perspective views each showing
a device according to this invention, in which detection
elements are incorporated.

(5) A higher rate of noise is involved due to mechanical
vibrations and shocks.

cording to this invention will now be described by re

(6) Because the output is generated in the form of pulse

ferring to the accompanying drawings.

Semiconductor radiation detectors or devices ac

waves, the device can not be worked if a high amount

In a detector shown in FIG. 1 a detection element 30

of radiation, for example, an X-ray radiation rate of

comprises a p-conductivity type, rectangular single

10 to 100 lR/min is involved.

crystal silicon substrate 31 having ?at surfaces. The
single crystal substrate 31 is formed to have a speci?c
resistance of about 300 Q-cm (an impurity concentra
tion of l X 1014 cm—3) and a carrier life time of 200 psec,
preferably 500 psec. Boron is diffused in high purity

It is accordingly the object of this invention to pro
vide a semiconductor radiation detector which is light
in weight and low in cost, requires no external biasing
and cooling, and permits a long-time measurement to be
made even under a high amount of radiation without

from one broader surface of the substrate 31 to form a

involving degeneration of the characteristics of the

thin p+-conductivity type layer 32 therein. Aluminium

is evaporated on the other broader surface of the sub
detector.
In one aspect of this invention there is provided a 60 strate to form a metal layer 33. In this way, a surface
barrier is formed between the substrate 31 and the metal
semiconductor radiation detector comprising a detector

layer 33. Before the formation of the metal layer on the
unit including a detection element having a single crys
surface of the substrate an oxide ?lm may be completely
tal silicon substrate with an impurity concentration of
less than l>< l0M cm-3, a metal layer formed on one
removed, for example, by etching from the surface of
surface of the substrate to provide a surface barrier 65 the substrate. In this case, however, the oxide ?lm may
therebetween and an electrode layer formed on the
be left on the surface of the substrate, if its thickness is
to the extent that no hindrance is given to the surface
other surface of the substrate, and an output circuit
connected to the metal layer and electrode layer of the
barrier. Gold is evaporated on the p+-conductivity type

3
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layer 32 to form an ohmic electrode layer 34. The metal
for the surface barrier and the metal for the ohmic elec
trode layer 32 are not restricted to aluminium and gold,
respectively. The other metals such as titanium and
nickel may also be used which are known in this field as

metals for forming such surface barrier and ohmic elec
trode. When, for example, an n-conductivity type single
crystal silicon substrate is used, gold may be used for the
formation of a surface barrier and aluminium for the
formation of an ohmic electrode. For a metal such as

site narrower side surface of the substrate 31. In the
modi?cation of FIG. 5 a metal layer 33 is formed on the

broader side surface of a semicircular single crystal
silicon substrate 31 and an ohmic electrode layer 34 is
formed on the opposite broader side surface of the sub
strate 31. The detection element 31 of FIG. 6 comprises
a semicircular single crystal silicon substrate 31, a metal
layer 33 formed on a narrower ?at side surface of the

substrate 31, and an ohmic electrode layer 34 attached
to the opposite semicircular side surface of the substrate

aluminium which provides an ohmic contact if it is
evaporated onto a single crystal silicon substrate, a high

Although in the above-mentioned embodiments or

impurity concentration layer is not necessarily formed

modi?cations the metal layer for the surface barrier is

for ohmic contact. In the detection element 30 shown,
the ohmic electrode 34 is connected to earth 35 and the
metal layer 33 is connected to a sense ampli?er 36. If
radiations enter onto the detection element 30 from the
direction as indicated by arrow A, B or C in FIG. 1, the
detection element 30 detects an electromotive force
induced therein. The sense ampli?er 36 is constructed of
an operational ampli?er having a feedback resistor

1070. The sense ampli?er has its non-inverting input
terminal grounded and its inverting input terminal con
nected to the metal layer 33 of the detection element.

formed substantially over one whole surface of the

single crystal silicon substrate, it may be formed in a
pattern as will be described later.
A detection element 30 shown in FIG. 7 has a metal
layer 33 formed on one broader surface of a rectangular
single crystal silicon substrate 31 and an ohmic elec

trode layer 34 formed on the opposite broader surface
‘of the substrate. In such detection element 30 a radiation
is directed to its side surface. The metal layer 33 has a

‘digital con?guration having a base portion 33b and a

plurality of ?ngers 33a spaced apart predetermined

FIG. 2 shows a relation of a detection output to an 25 intervals in the direction in which a radiation enters. In

incident radiation rate when a single crystal silicon
substrate 31 having a rectangular shape of 17 mm>< l5
mm><2 mm and a carrier life time of about 500 psec is
used for the detection element. In FIG. 2, use is made,

‘this arrangement, a surface barrier of digital con?gura
tion is formed between the metal layer 33 and the single
‘crystal silicon substrate 31. A spacing between the fin
gers 33a of the metal layer 33, i.e. the width of strip-like

as a radiation, an X-ray having an energy of 70 KeV and

- surface areas left between the ?ngers 33a of the metal

the X-ray is incident onto the detection element in the
directions A, B and C shown in FIG. 1. In the graph
shown in FIG. 2 the output of the sense ampli?er is
plotted as the ordinate and the incident radiation rate as
the abscissa. Lines A, B and C indicate the output char- .

acteristics of the X-ray which is incident onto the detec
tion element in the directions A, B and C, respectively.
If the radiation rate is within a range of l mR/min to 1

R/min, output voltages will vary in proportion to the

layer 33, is determined to be substantially equal to
below a length L: Dr (D: diffusion coef?cient, r:
parrier lifetime), over which carriers are diffused.
The detection element shown in FIG. 7 can detect
radiation with substantially the same sensitivity as in the
lFIG. ll counterpart, though the surface barrier is not
covered on one whole surface of the detection element.

Furthermore, the area of the surface barrier is smaller
than that of the counterpart of FIG. 1 and in conse

radiation rate even when the X-ray is incident onto one 40 quence the leakage current and electrostatic capacity of

side surface of the detection element 30 (i.e. in the direc
tion A), onto the metal layer 33 of the detection element
30 (i.e. in the direction B), and onto the ohmic electrode
layer 34 of the detection element 30 (i.e. in the direction
C). This will be evident from FIG. 2. Even when the
radiation rate is high i.e. of the order of l R/min to 100

the detection element can be made, for example, about

R/min, output voltages substantially proportional to the

be made smaller, thus attaining a high manufacturing
yield and low cost.

radiation rate, though not shown in FIG. 2, are obtained

without involving degeneration of the element charac

half as small as those of the detection element of FIG. 1

and an S/N ratio be made higher than that of FIG. l.
The detection element can, therefore, detect a radiation
of lower rate or low energy efficiently and with better
accuracy. Moreover, the area of the surface barrier can

ll detection element of FIG. 8 has a metal layer 33

teristics. FIG. 3 shows for comparison a relation of a

formed on one broader surface of a substrate 31 and an

detection output to a radiation rate when a test is ef

phmic electrode layer 34 evaporated on the other
broader surface of the substrate. The metal layer 33
provides a surface barrier and has a base portion 33b
and ?ngers 33a extending from both the sides of the
base portion 33b.

fected, in the same method as in FIG. 2, using for the
detection element a single crystal silicon having a spe
ci?c resistance of 50 Q-cm and a carrier life time of
about 100 psec. It will be evident from FIG. 3 that the
same output characteristic as in FIG. 2 is obtained for a

greater radiation rate, that no rectilinear output varia
tion is obtained at a radiation rate of below 500 R/min,
and that no actual output value can be obtained at a rate

of below 80 mR/min, since its value merely corre
sponds to a background count.
FIGS. 4 to 6 show modi?ed forms of the detection

element 30. The single crystal silicon substrate 31, metal
layer 33 and ohmic electrode layer 34 take various con

lit detection element shown in FIG. 9 has a metal
layer 33 formed on one broader surface of a substrate

31. ‘The metal layer 33 provides a surface barrier and
has a rectangular convolution.
A detection element 30 of FIG. 10 has a lattice-like

metal layer 33.
sh detection element 30 of FIG. 11 has a circularly
‘convoluted metal layer formed on one broader surface
pf a circular, single crystal silicon substrate 31 and an

?gurations as shown in FIGS. 4 to 6. In the modi?ca 65 ohmic electrode layer 34 formed on the opposite
broader surface of the substrate.
st detection element shown in FIG. 12 has a digital
rower side surface of a rectangular silicon substrate 31
metal layer 33 formed on one broader surface of a single
and an ohmic electrode layer 34 is formed on the oppo

tion of FIG. 4 a metal layer 33 is formed on one nar
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crystal silicon substrate 31. A digital ohmic electrode
layer 34 is formed on the opposite broader surface of the
substrate. The digital metal layer 33 is similar in con?g
uration to the digital electrode layer 34. The con?gura
tion or the position of the digital electrode layer 34 may
not necessarily in registry with that of the digital metal
layer 33.
Although in the above-mentioned embodiments or
modi?cations a single detection element is formed on a

single crystal silicon substrate, a plurality of detection
elements may be formed on a single substrate, or a plu

rality of one-element single crystal substrates be com

bined together.
In an embodiment shown in FIG. 13 a rectangular,

single crystal silicon substrate 31 is used having a spe
ci?c resistance of about 300 ?-cm and a carrier life time
of about 500 usec. Four strip-like metal layers 33 are
formed at predetermined intervals in the lateral direc

6

of a rectangular, single crystal silicon substrate 31 and a
common ohmic electrode layer 34 formed on the oppo
site narrower surface of the substrate 31.

A detection device shown in FIG. 16 has four metal
layers 33 formed on one surface of a semicircular sub
strate 31 and one ohmic electrode layer 34 formed on
the other surface of the substrate 31.
A detection device of FIG. 17 has four metal layers
33 formed on one ?at side surface of a semicircular
substrate 31 and an ohmic electrode layer 34 formed on

the curved opposite surface of the substrate.
A detection device of FIG. 18 has four metal layers
33 formed on one surface of a disk-like, single crystal
silicon substrate 31 and a common ohmic electrode
layer 34 formed on the other surface of the substrate.
Although in the detection device of FIGS. 13 to 18
the four detection elements 30 are formed on the single

crystal silicon substrate, this invention is not restricted

to them. A proper number of detection elements can be
The metal layers 33 may be formed on the surface of the 20 selected according to the use of the detection device.
In the embodiments of FIGS. 19 to 24 a plurality of
substrate by a selective evaporation with, for example,
aluminium Alternatively, aluminium is evaporated on’ detection elements are bonded in side-by-side relation.
In these embodiments the detection elements can be
one whole surface of the substrate and then the Al
arranged not only in a single row, but also in a matrix
evaporated surface of the substrate is selectively etched
to provide strip-like metal layers 33. A common ohmic 25 array. The detection devices of FIGS. 19 to 24 can
obtain the same advantage as in FIGS. 13 to 18 and also
electrode layer 34 made of, for example, gold is formed
find a wide application.
on the other broader surface of the substrate 31. The
The device shown in FIG. 19 has a detection section
ohmic electrode layer 34 is connected to the earth 35.
tion thereof on one broader surface of the substrate 31.

The metal layers 33 are connected through respective

having eight detection elements 30 arranged in a matrix

switches 37 to a common sense ampli?er 36. In this

array, four in a row and two in a column. The detection

embodiment, four detection elements 30 are provided

element 30 comprises a rectangular, bar-like, single

having the four metal layers 33 mutually independently

crystal substrate 31, a metal layer 33 formed on one side
surface of the substrate, and an ohmic electrode layer 34
formed on the opposite side surface of the substrate.
radiation, for example, from above i.e. as indicated by 35 The corresponding elements in each row have their
ohmic electrodes 34 bonded in a back-to-back facing
arrows in FIG. 13. In this case, outputs are selectively
relation and the substrates 31 of elements in column are
derived out from any of four detection elements so that
bonded in an end-to-end relation. The back-to-back
an amount corresponding to the cross-section of the
facing elements 30 have their ohmic electrodes 34 elec
incident radiation is obtained. That is, the position and
size of an effective portion of the radiation detector can 40 trically interconnected by an electroconductive adhe
sive, such as an electroconductive epoxy resin, indium
be properly set by selectively opening and closing the
solder and Au-Si alloy. The end-to-end facing elements
four switches 37. The four detection elements are elec
30 are mutually electrically isolated by a known insulat
trically isolated from each other and, even if some de
ing adhesive 39. In consequence,‘ a pair of back-to-back
tection elements are driven, their detection outputs are
not in?uenced by a leakage current and electrostatic 45 facing elements 30 constitute one set and thus four sets
of detection elements are arranged. The ohmic elec
capacity resulting from the remaining detection ele
trode layer 34 of each of the set is grounded. The metal
ments.
layers 33 of the respective sets are connected respec
A detection device of FIG. 14 has four stripe-like
tively through switches 37 to a common sense ampli?er
metal layers 33 formed on one surface of a single crystal
silicon substrate 31 and four ohmic electrode layers 34
In the detection devices of FIGS. 20 and 21, eight
mutually independently formed on the other surface of
detection elements 30 are mutually bonded, as in FIG.
the substrate 31. The metal layers 33 are connected to

formed on the surface of the substrate 31.
The detection device shown in FIG. 13 receives a

sense ampli?ers 36, respectively, and the outputs of the

19, to provide circular and semicircular units, respec

sense ampli?ers are connected respectively through

tively.

In the detection device of FIG. 22, four detection
measuring switches 37 to a common output terminal. 55
elements 30 are mutually bonded, by an insulating adhe
The ohmic electrode layers 34 are connected respec
sive, in an end-to-end relation to provide a detection
tively through switches 38 to ground 35. The switches
unit. The detection element 30 has an ohmic electrode
38 on the sides of the ohmic electrode layers 34 are

ganged with the corresponding measuring switches 37

layer 34 on the top surface of a tetragonal, single crystal

on the sides of the metal layers 33. Such a detection 60 silicon substrate 31 and a metal layer 33 formed on the
bottom surface of the substrate. The ohmic electrode
device is less in?uenced by the leakage current and
layers 34 of the elements 30 are grounded and the metal
electrostatic capacity. In this embodiment, a plurality of

ohmic electrode layers (four in this case) are provided
which correspond in number to the metal layers. In
consequence, the signals of the detectiontioutputs are,
after being added serially, derived out as an output.
A detection device of FIG. 15 has four metal layers
33 mutually separately formed on one narrower surface

layers of the elements ‘ are connected respectively
through sense ampli?ers 36 and switches 37 to a com
65 mon output terminal. Two such detection units may be

arranged in a matrix array as shown in FIG. 23. In this
case, the outputs of their elements are drived out as in

the detection unit shown in FIG. 23. The detection
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elements of FIG. 22 may be so con?gured as to provide
a semicircular unit as shown in FIG. 24.

Explanation will now be made of various mechanisms
suited to accommodate the above-mentioned detection
element or detection device.
A mechanism of FIG. 25 is suitable for a detection
element 30 having, as shown in FIG. 1, a rectangular,
plate-like, single crystal silicon substrate 31 on which a
metal layer 33 and ohmic electrode layer 34 are formed
one at each broader surface of the substrate. The detec
tion element 30 is received in a recess of a rectangular
frame-like mount 40 having a thickness equal to that of
the detection element 30, and the recess of the mount 40
is open at its upper end. The mount 40 is made of an
insulating member such as a synthetic resin and the
member 30 is adhesively bonded at its three sides to the
inner surface of the mount 40 such that the top side of
the member 30 is left unbonded and exposed. The upper
end surfaces of the mount 40 is so dimensioned that it is
?ush with the top surface of the element 30. A radiation
enters toward the top surface of the member 30. An
output terminal electrode layer 41 is formed on the
metal layer 33 of the element 30 and has a projection

downwardly extending along the surface of the mount
40. A ground terminal electrode layer 42 of plate shape
is attached to the ohmic electrode layer 34 of the ele
ment 30. The ground terminal electrode layer 42 covers
up one whole surface of the mount 40 and further ex

18

ampli?er 36 extends out into a corresponding guide
groove 44 of a housing 43. When the detector unit is

inserted into corresponding, oppositely facing paired
guide grooves of the housing, the projection of the
output terminal electrode layer 41 is brought into pres
sure contact with the terminal. In this embodiment, a

ground terminal electrode layer 42 does not extend
upwardly and thus no collimator is provided. In the
embodiment shown in FIG. 27 each of detector units
comprises a plurality of detector elements 30 as shown
in FIG. 13. Output terminal electrode layers 41 are
attached to metal layers 33 of the detection elements,

respectively. The projection of each electrode layer 41
‘extends along the side surface of a mount 40. Four ter

minals 45 extend through the bottom wall of a housing
43 such that they are arranged, at predetermined inter
vals, between a pair of oppositely facing guide grooves
cf the housing 43. Outside the housing 43, the four
terminals 45 are connected respectively through
switches 37 to a common sense ampli?er 36. When the

detector unit is inserted into the housing 43 along the
paired guide grooves, the projections of the output
terminal electrode layers 41 are contacted with the
terminals 45 for electrical connection.
In the embodiment shown in FIG. 28 a mount 40 for
a detector unit is equal in thickness to the detector unit
and has a mount 40 with a stepped portion 40a, verti

cally extending portion at each side. The stepped por
tends upwardly. In this way, a detector unit is provided.
A plurality of such detector units are arranged, as 30 tion of each detector unit is inserted into a pair of oppo
sitely facing guide grooves 44 of a housing 43 and thus
shown in FIG. 25, with their top surfaces oriented in a
the detector unit is ?tted into the housing 43. The detec
direction in which a radiation enters. The detector units
tor units can be closely received in the housing 43 by
are received in a metal housing 43 to provide a multi
using the corresponding mounts 40.
channel type radiation detector. Pairs of guide grooves
Although in the above-mentioned embodiments the
44 are provided on the oppositely facing inner surfaces
detector element for the detector unit is one, four and
of the housing 43 so that each detector unit can be
‘eight in numbers, this invention is not restricted thereto.
slidably inserted down into the paired grooves 44. This
‘The number of detector elements may be changed ac
assures a positive positioning of the detector unit. Con
cording to the use of the detector unit. The sense ampli
nectors 45 extend through the bottom wall of the hous
ing 43 and are ?xed there. The connector 45 is electri 40 tier is not necessarily required. Parts having a suitable
ampli?cation function may be used in combination.
cally insulated from the housing 43. The downwardly
lSaid output circuit may be constructed by a biasless
extending projection of the output terminal electrode
circuit which applies no bias across the detector ele
layer 41 of each detector unit is contacted with the
‘ment.
connector 45 for electrical connection. The connector
45 is connected to a corresponding sense ampli?er 36. 45

The ground terminal electrode layer 42 of the detector
unit is grounded by the housing 43, when the detector
unit is inserted in the oppositely facing grooves of the
housing so that the layer 42 is contacted with the hous
ing. The ground terminal electrode layer 42 is made of
Al, Ti, W or Mo and both the sides of the upwardly

extending portion of the ground terminal electrode
layer 42 are held by supporting walls 46. In this way, a
collimator is provided. The above-mentioned detector
eliminates the need for an electrode connection tech

nique such as wire bonding and soldering, thus assuring
enhanced stability and reliance. Furthermore, the detec

Although the housing is made of electrical conduc
tive material in the embodiments described above, it
may be constructed by insulating material. In this case
the ohmic electrode layer and metal layer are respec
tively connected to electric terminals penetrating

through the housing.
‘What we claim is:

‘l. A semiconductor radiation detector comprising a
‘detector unit including a detection element having a
single crystal silicon substrate with an impurity concen
tration of less than 1X10l4 cm-3, a metal layer formed
on one surface of the substrate to provide a surface

barrier between the metal layer and the substrate, the

surface barrier having a rectifying characteristic, and an
tor unit can be readily manufactured and assembled, in
‘electrode layer formed on the other surface of the sub
high yield and at low cost. Since the detection element
and mount are of the same thickness, the thickness of 60 strate, and an output circuit connected to the metal
layer and electrode layer of the detection element to
the detector unit per se can be made smaller. The detec
‘obtain an output corresponding to an amount of X-ray
tor units are ?tted into the respective oppositely facing

paired grooves of the housing and accurately oriented

pr gamma ray radiation incident on the detector unit

in a narrow spacing, thus assuring a high positional
resolution.
In the detector units shown in FIG. 26 the output
terminal electrode layer 41 has a projection at one side,

without the application of a bias across the detection
element.
it. A semiconductor radiation detector according to

and a terminal 45 connected to a corresponding sense

claim 1, in which said metal layer is contacted directly
‘with said single crystal silicon substrate.

4,210,805

of below 50%.

lb

trode layers each formed on an opposite surface of the
substrate, and an electrically insulating adhesive bonded
between the respective detection elements to electri

3. A semiconductor radiation detector according to
claim 1, in which said metal layer is attached to said
single crystal silicon substrate with a silicon oxide ?lm
therebetween, said silicon oxide ?lm having a thickness

cally insulate the detection elements from each other.
it). A semiconductor radiation detector according to
claim 1, in which said detection element comprises at

4

4. A semiconductor radiation detector according to
least four detection elements having respective single
claim 1, in which said single crystal silicon substrate is a
crystal silicon substrates arranged in ?rst and second
rectangular shape and has a surface on which said metal
rows in side-by-side relation, respective metal layers
layer is formed, and an opposite surface on which said
10 each formed on one surface of the substrate to provide
electrode layer is formed.
a surface barrier therebetween, respective electrode
5. A semiconductor radiation detector according to
layers each formed on an opposite surface of the sub
claim 4, in which said single crystal silicon substrate has
strate, and an electrically insulating adhesive bonded
a radiation incident surface which is present between
between the respective substrates, in which the elec
said metal layer and said electrode layer.
trode layers of the substrates in said ?rst row are
6. A semiconductor radiation detector according to
bonded in back-to-back relation to the electrode layers
claim 1, in which said output circuit has a sense ampli
of the substrates in said second row.
tier for amplifying an output from said detection ele
111. A semiconductor radiation detector according to
ment .
claim 1, further including a housing in which a plurality
7. A semiconductor radiation detector according to
claim 1, in which said detector unit includes a plurality 20 of detector units are located at predetermined intervals,

of detection elements arranged in side-by-side relation
and electrically insulated from each other, and said

and a plurality of terminals extending through the hous
ing and electrically connected to the respective detec

output circuit includes sense ampli?ers connected to the

tor units.

12. A semiconductor radiation detector according to
detection elements respectively and switches adapted to
operate the respective detection elements in an ON 25 claim M, in which said housing has an electroconduc
tive property and is electrically connected to one of the

OFF fashion.
8. A semiconductor radiation detector according to

electrode layer and metal layer of detection elements of

said detection sections, and said terminals are ?xed in a
claim 7, in which said detection elements have respec
manner to be electrically insulated from the housing and
tive metal layers formed at predetermined intervals on
said single crystal substrate so that surface barriers are 30 electrically connected to the other layer of the detec
tion element which is not electrically connected to the
each formed between the substrate and the metal layer.
housing.
9. A semiconductor radiation detector according to
13. A semiconductor radiation detector according to
claim 7, in which said plurality of detection elements
claim 12, in which the electrode layers of said detection
have a plurality of single crystal silicon substrates ar
ranged in a row in side-by-side relation, respective 35 elements all extend in a radiation incident direction to
provide a collimator.
metal layers each formed on one surface of the substrate
Q‘
i?
?t
\‘I:
It‘
to form a surface barrier therebetween, respective elec
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