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[57] ABSTRACT 

An improved strip detector and a method for making 
such a detector in which a high resistivity N conduc-
tion semiconductor body has electrode strips formed 
thereon by diffusion which strips are formed so as to 
be covered by an oxide layer at the surface point of 
the PN junction and in which the opposite side of the 
semiconductor body then has a substantial amount of 
material etched away to form a thin semiconductor 
upon which strip electrodes which are perpendicular 
to the electrodes on the first side are then placed. 

24 Claims, 6 Drawing Figures 
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property being affected. Generally, the detectors of the 
TYPE RADIATION DETECTOR AND prior art having vapor deposited electrodes require 
METHOD OF MAKING SAME plastic parts, particularly araldite layers which will burn 

„ . ^ up at temperatures exceeding 1.50° making the detector 
BACKGROUND OF THE INVENTION 5 J d e s s / h e b a r d e r l a y e r s l f s e d w i t h thevapor depos-

This invention relates to strip detectors in general ited gold electrons in addition are not suited for high 
and more particularly to an improved strip detector temperatures because at these temperatures the metal 
and a method of making such a detector. will diffuse into the semi-conductor body and destroy 

Strip detectors used for measuring ionizing radiation the metal-semi-conductor junction which serves as the 
in which electrodes are disposed on both flat sides of a 1 0 barrier layer. 
semi-conductor at angles to each other such that each In these prior art strip detectors, the aluminum strips 
intersection point forms a detector are presently are attached to an electrically insulating very thin, 
known. For example, such detectors, which are also intermediate layer of silicone dioxide. The thickness of 
known as chess-board detectors, are disclosed in Swiss this layer generally does not exceed approximately 100 
Pat. No. 460,962. The detector disclosed therein con- 1 5 angstroms. Thus if the finished detector is treated at a 
tains on a flat top side a large plurality of strip-like temperature above 200°C, the aluminum can alloy 
electrodes arranges parallel to each other and each of itself through the thin silicon oxide layer and form a 
which is covered by a surface barrier layer. The elec- metal-semi-conductor contact with the semi-conductor 
trades comprise a vapor deposited gold layer which body. If this occurs dE-dx operation is no longer possi-
forms a schottky-type junction with the semi-conductor 2 0 ble. 
wafer on which it is deposited. On the opposite side of An additional problem in the prior art detectors, 
the semi-conductor wafer a plurality of strip-like elec- which are also in some cases referred to as counters, is 
trodes of vapor deposited aluminum of a resistive na- that charged particles or quanta entering the sensitive 
ture and which are rotated with respect to the gold zone beneath an electrode are not always recorded by 
electrodes by a predetermined angle, preferably 90°, 2 5 the corresponding intersection point on the other side 
are provided. The semi-conductor wafer will generally of the semi-conductor, but instead are recorded by an 
consist of germanium or silicon. In this arrangement adjacent intersection point. This phenomenon referred 
the intersection points of the electrodes on the two flat to as cross-talk results in a false measuring result, 
sides of the semi-conductor body make up a plurality of Another surface boundry layer counter is disclosed in 
individual detectors for incident radiation. The ar- 3 0 "Striped semi-conductor device 5441" published by A. 
rangement is particularly useful as a detector for B. Atomenergi Sect. S.S.I., Studicik Nykoping, Swe-
charged particles as well as a detector for gamma and den. The detector disclosed therein contains an N con-
x-rays and, in addition for light radiation which has an duction silicon semi-conductor body upon which paTal-
energy of more than approximately 1.1 electron volts. lei strip-like electrodes of gold with a thickness of 
This arrangement provides a spacial resolution when 3 5 about 250 angstroms and a width of about 0.8 mm are 
measuring radiations of these types. deposited. The electrodes are arranged parallel each 

In U.S. application Ser. No. 195,345 a detector ar- other with a spacing of about 0.2 mm and each is pro-
rangement of chess-board design and providing spacial vided with an electrode lead. Contamination present on 
resolution is shown in which gamma radiation measure- the surface of these counters can generate through 
ments and provided as a visible output. The system 40 adsorption, an inversion layer which forms a P induc-
operates similar to that of a conventional mosaic sys- tion channel between the electrode strips. This will 
tem with the photo multipliers normally used replaced result in cross-talk on the top side of the device. Al-
by the intersection points of the strip electrodes which though such cross-talk can be prevented, relatively 
provide the individual detectors. Thus, rather than use complex means are required for that purpose. Such 
a conventional florescent screen image intensifier, the 4 5 means are described in U.S. Pat. No. 3,624,399. 
semi-conductor detector which, when struck by an In addition to the problems noted above with prior 
electron beam, delivers corresponding electrical signals art devices they are not capable of stable operation in 
is used. From these signals the center of the electron a vacuum over extended periods of time. Thus it can be 
beam is determined. At the same time the number of seen that there is a need for an improved device of this 
electrons can be recorded. Gamma quanta which has 5 0 nature which can withstand high temperatures, can 
generated, at the input of the image intensifiers, a pre- operate in a vacuum and is not subject to high levels of 
determined light distribution in a suitable detector cross-talk. 
system, for example, a curved single crystal are local- s u m m a r y OP THF rwvFNTTON 
ized and their energy determined. Because the detector SUMMARY OF I HE INVENTION 
arrangement includes a large plurality of strip shaped 5 5 The present invention provides an improved strip 
contacts the point of incidence of the gamma quanta detector for measuring the energy E of a radiation 
can be approximately determined in a digital form. The source and for also measuring the energy loss dE/dx per 
pulse height ratios of adjacent strips furnish in addition unit of distance, which detector can operate under high 
an analog correction signal. As applied in certain appli- temperatures in vacuums and does not have significant 
cations, these detectors of the prior art present prob- 6 0 cross-talk. The semi-conductor used in the detector is 
lems. For example, if the strip detector is used as a an N conduction semi-conductor body with a resistivity 
localizing system for determining the center of gravity of at least 100 ohm-cm. On the flat top of the semi-con-
of the electron distribution of the image intensifier of a ductor P conduction electrode strips are formed by 
gamma camera it must be able to withstand, after in- diffusion and are covered by an oxide layer. A portion 
stallation in the image amplifier, high temperatures 6 5 of the semi-conductor body on the opposite flat side is 
which can reach in excess of 300°C during a baking out then removed and this side then also provided with 
process. To fulfill its purpose it must of course be able strip electrodes. Essentially the present invention rec-
to withstand these temperatures without its electrical ognizes that through the use of planar techniques the 
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property of the detector device can be substantially body 2 to form these P-conduction strips boron and 
improved and that through the use of a high resistivity also phosphorous may be used to diffuse into the semi-
semi-conductor material doping reversals under the conductor to thereby form a plurality of PN junctions 
oxide layer will not as a practical matter occur. The designated as 12 between the electrode areas 10 and 
oxide layer forms a protection barrier for the cut-off 5 the semi conductor body 2. The diffusion depth of the 
electrode, the effectiveness of which does not change doping material and thereby the depth ofthe electrodes 
appreciably even at relatively high temperatures. By 10 will depend on the absorption properties of the 
the etching of the semi-conductor body so that it is radiation to be received. For example, if the detector 
thin, cross-talk is prevented. In addition this arrange- arrangement is intended to be used for beta rays with 
ment permits operation in a vacuum over extended 1 0 an energy of 25 kev., the diffusion depth and the thick-
periods of time. ness o f the sensitive layer of the detector should prefer-

h d i r c nccrDiDTiAM ran j u m i r e a b l y b e i n t h e r a n 8 e o f 0.1 to 1 micron. The best range 
BRIEF DESCRIPTION OF THE DRAWINGS fo/this p u r p o s e i s a b o u t Q 3 m i c r o n However, thick-

FIGS. 1 through 4 are cross-sectional elevation views ness of up to 5 microns are still useable. The minimum 
illustrating the steps for making a first embodiment of a 15 layer thickness should be at least 0.0 microns since 
detector according to the present invention. thinner layers are difficult to product. Note that where 

FIG. 5 is a cross section end view of the detector of the PN junction meets the surface it is covered by the 
FIG. 4. oxide layer 8. This protective layer over the junction is 

FIG. 6 illustrates a second embodiment of the detec- what prevents the aforementioned problems, 
tor of the present invention. 2 0 During the diffusion process a glass layer 14 gener-

ated on the surface parts of the semi-conductor body in 
the spaces or windows between the strips 8 and over 
the detector strips 10. If, for example, phosphorous is 

FIGS. 1 through 4 illustrate the process of making a used as the doping material, the layers 14 will comprise 
detector according to the present invention. As shown 2 5 phosphor glass. These layers in general will have no 
in FIG. 1, a semi-conductor material having a high adverse effect on the properties of the detector and can 
resistivity, preferably silicon is coated with an oxide therefore remain, if desired, on the surface of the elec-
layer 4. To accomplish this, the surface is first cleansed trades 10 as a protective layer. In general, the thickness 
of the slight surface layer of crystal faults using chemi- of layer 14 will be substantially less than 0.1 microns, 
cal or mechanical removal techniques after which in- 3 0 After this, the semi-conductor 2 is etched so that it is 
terfering external ions and contamination in addition to quite thin. To accomplish this, a waxed layer which acts 
inorganic and also inorganic particles deposited on the as a protective layer [not shown on the Figure] is 
surface are removed by a cleaning process. A particu- placed over the portions of the semi-conductor which 
larly advantageous manner of forming the oxide layer is are not to be etched. The etching process is then per-
through the use of a gas stream preferably at elevated 3 5 formed to remove a substantial portion of the bottom 
temperatures. Such a gas stream may be essentially of the semi-conductor layer to thereby form a thin 
oxygen or may also be oxygen mixed with inert gasses semi-conductor. After etching, a plurality of strip 
or nitrogen. Also another suitable mixture is that of shaped electrodes 16 are then provided on the bottom 
water vapor and oxygen. Other well known oxidants flat side of the semi-conductor body 2 and placed 
such as carbon dioxide may also be used. The oxide 4 0 thereon so as to form ohmic contact with the semi-con-
layer, at least on the upper surface of the detector, is ductor as shown on FIG. 4. Preferably these electrodes 
then covered with a layer of photo-sensitive varnish. will comprise aluminum which is applied to the semi-
The varnish is then exposed using an appropriate mask conductor body 2 by means of vapor deposition and 
and developed to provide a structure such as that then subsequently alloyed. The electrodes 16 will be 
shown on FIG. 2 wherein the layer 6 indicates the var- 4 5 deposited in parallel relation to each other and at an 
nish layer. Such methods of photo-etching as this angle with the electrodes 10 on the top layer. Prefera-
wherein the exposed parts become sensitive to a sol- bly this angle will be 90°. In the embodiment shown, the 
vent and may then be washed off after exposure are electrodes 16 are extended around the side of the de-
well-known. As illustrated by FIG. 2, the type of mask tector and up to the top flat side. This results in having 
used results in a plurality of parallel strips which are in 50 all electrodes on the top side o f the detector and makes 
a direction perpendicular to the paper. The semi-con- interconnection simplier. To accomplish the bringing 
ductor is then subjected to an etching process which up of the electrodes to the top side, the portions 17 of 
removes the oxide layer 4 from all portions of the semi- the electrode may be formed in a common operation 
conductor body except those designated on FIG. 3 by with formation of the electrodes 16, for example, 
the numeral 8, i.e., those which were covered by the 55 through vapor deposition at an angle. The connecting 
varnish. After this etching process, the varnish is section 18 may then be deposited on the flat top side, 
washed off leaving only the oxide layer 8 as shown on The spacing D between the electrodes 10 on the top 
FIG. 3. side of the detector will preferably be kept small. Typi-

If desired, the portion of the oxide layer 4 on the flat cally, this spacing should not exceed 100 micrometers 
bottom side as well as those on the two lateral surfaces 6 0 and should preferably be less that 50 micrometers and 
of the semi-conductor 2 can also be covered with a even as small as 20 micrometers if possible. In conjunc-
material resistent to the etchent used. Such a material tion with the small spacing of the top electrodes 10, an 
may, for example, be the material known by the name electrically conducting edge strip can be provided to 
"picein". Thus, as shown on FIG. 3, these parts will advantage through the diffusion of doping material, 
also not have the oxide layer removed therefrom. In the 65 This diffusion layer edge 26 will conduct the reverse 
spaces between the strips 8, doping material is diffused current at the outer border and thereby form a guard 
to form strip shaped electrodes 10 of P-conduction ring which will limit the noise of the detector arrange-
silicon. For use with the N conduction semi-conductor ment to a negligibly low value. Thus, the only remain-
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ing noise will be from the reverse volume current which 
is quite small. 

FIG. 5 illustrates a cross sectional end view of a de-
tector constructed generally as described above. In this 
view, the electrodes 10 of FIG. 4 are formed across the 5 

length of the detector with the bottom electrodes 16 
running perpendicular into the paper. The illustrated 
embodiment shows how cross-talk may be substantially 
eliminated. The electrodes 10 on the upper side rather 
than forming a complete strip across the detector body 1 0 

are formed as substantially square PN junctions 10. 
The junctions across the detector are then connected 
by electrical conductors 24. Thus, an equivalent strip at 
90° to the lower strips 16 is thereby formed. The semi- < 
conductor material between the junctions is scribed 15 

and the semi-conductor broken apart so that there is no 
path for cross-talk between the electrodes 10, through 
the semi-conductor body. Since this affects the struc-
tural integrity of the semi-conductor material, the de- 2Q 
tector is then placed on a substrate 22 which may, for 
example, be a suitably shaped ceramic body, preferably 
coated with a silicone varnish 27. Thus, the sections 30, 
31, 32, 33, 34 and 35 of the semi-conductor which 
result from the scribing will rest on the substrate [actu- 2 5 
ally on the varnish layer 27], The connections 24 be-
tween the electrodes can be a thin aluminum conductor 
which is, for example, only 25 micrometers thick and 
which is attached to the electrodes 10 by ultrasonic 
welding. 3 0 

To further reduce the cross-talk on the rear side of 
the detector, the width of the strip electrodes 16 desig-
nated by the dimension b in FIG. 5 should be chosen 
substantially smaller than the width a of the electrodes 
10 as illustrated on FIG. 4. This causes mutual influ- 35 
ence to be substantially reduced and de-coupling of the 
preamplifiers is obtained. The mutual spacing of the 
electrodes 16 on the rear side can be chosen, in con-
junction with a predetermined resistivity of the semi-
conductor material so that the resistance between 40 
strips is at least 5k ohm, and should if possible be at 
least 50k ohm. 

FIG. 6 illustrates a modification of the embodiment 
of FIG. 5. Fin this embodiment the ceramic body 22 is 
formed to have steps on which the semi-conductor 45 
body 2 or more particularly the portions thereof 31,32, 
33, and 34 rest. Each of the portions 31 through 34 has 
an electrode 16 on the bottom and an electrode 10 on 
the top side. As in the embodiment of FIG. 5, the strips 
are connected by conductors 24. The steps in the base 50 
plate 22 are of such a design so that the thickness of the 
base plate does not change from step to step. The por-
tions 31 through 34 are placed on the steps such that 
their lateral surfaces do not abut. This results in a com-
plete reduction of the possibility of short circuits be- 55 
tween the. individual strips 16. 

Thus, an improved detector for detecting ionizing 
radiation has been shown. Although specific embodi-
ments have been illustrated and described, it will be 
obvious to those skilled in the art that various modifica- 60 
tions may be made without departing from the spirit of 
the invention which is intended to be limited solely by 
the claims. 

What is claimed is: 
1. A method for making a detector for ionizing radia- 65 

tion which detector contains a plurality of strip-like 
electrodes on two flat sides of a semi-conductor body 
with the points of intersection each forming a detector 
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to thereby provide spatial resolution comprising the 
steps of: 

a. preparing an N conduction semi-conductor body 
having a resistivity of at least 100 ohm-centimeters 
so as to have two substantially flat sides; 

b. forming by diffusion a plurality of P conduction 
elongated electrodes on one side of said semi-con-
ductor in the form of parallel space strips and in 
such a manner that the PN junction at the surface 
of the semi-conductor material is covered by an 
oxide layer;' 

c. removing a portion of the semi-conductor material 
on the other side of the semi-conductor to thereby 
form a thin semi-conductor layer; and 

d. providing a second plurality of elongated parallel 
spaced metal electrodes on said other side, said 
electrodes being at an angle to said electrodes on 
said first side. 

2. The invention according to claim 1, wherein said 
semi-conductor body has a resistivity greater than 300 
ohm-cm. 

3. The invention according to claim 2 wherein said 
semi-conductor body has a resistivity of at least 500 
ohm-cm. 

4. The invention according to claim 1, wherein said 
semi-conductor material on said other side is removed 
by etching. 

5. The invention according to claim 4, wherein said 
semi-conductor material is removed to leave a semi-
conductor body having a thickness of less than 100 
micrometers. 

6. The invention according to claim 5, wherein said 
thickness is less than 50 micrometers. 

7. The invention according to claim 1 wherein the 
electrodes on said other side are placed thereon by 
vapor deposition of metal onto the semi-conductor 
body. 

8. The invention according to claim 7, and further 
including the step of alloying said vapor deposited 
metal to the semi-conductor body. 

9. The invention according to claim 8, wherein said 
metal is aluminum. 

10. The invention according to claim 7 wherein the 
width of the electrodes deposited on said other side is 
smaller than the width of the electrodes on said one 
side. 

11. The invention according to claim 10, wherein the 
width of the electrodes on said other side is smaller 
than the mutual spacing of said electrodes on said other 
side. 

12. The invention according to claim 1 wherein the 
spacing of said electrodes on said other side is selected 
so that the resistance between electrodes is at least 5 k 
ohms. 

13. The invention according to claim 12, wherein 
said spacing is chosen so that the resistance between 
electrodes is at least 50 k ohms. 

14. The invention according to claim 1 and further 
including the steps of severing said semi-conductor 
body parallel to and between said electrodes on said 
other side to form a plurality of strip shaped parts, and 
connecting separated strip members of each electrode 
on said one side in an electrically conducting manner. 

15. The invention according to claim 14, wherein 
said strip members are connected by thin electric con-
ductors. 
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16. The invention according to claim 15, wherein 
said electrical conductors are connected to said strip 
members by ultrasonic welding. 

17. The invention according to claim IS, wherein 
said conductors are aluminum wires having a thickness 
of approximately 25 micrometers. 

18. The invention according to claim 14, wherein 
said severing is done by scribing the surface and break-
ing apart said semi-conductor body. 

19. The invention according to claim 14, and further 
including the step of attaching said individual parts to a 
body of insulating material so that they are insulated 
from each other. 

20. The invention according to claim 19 wherein said 
body of insulating material is a ceramic body. 

20 
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21. The invention according to claim 20 wherein said 
ceramic body is shaped to contain a plurality of in-
clined steps and wherein each individual part of said 
semi-conductor body is attached to different one of 

5 said steps. 
22. The invention according to claim 1 and further 

including the step of forming an electrically conducting 
ring-shaped surface layer around the outside of the top 
of said semi-conductor. 

1° 23. The invention according to claim 22 wherein said 
edge is formed by diffusion of doping material. 

24. The invention according to claim 1 and further 
including the step of forming electrode leads extending 
from said electrodes on said other side around the edge 

15 and to said one side of said semi-conductor. 

65 


