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curve of pixels free from the output reduction noted above. BACKGROUND OF
THE INVENTION                            When output reductions take place
as noted above, there will be two incident amounts of radiation for a cer-
(1) Field of the Invention                      5  tain count. This is
detrimental to a correct detection of the incident amount of radiation.
Further, the defects not- The present invention relates to radiation
detectors  ed hereinbefore are distributed locally in the semicon- used in
the medical, industrial, nuclear and other fields  ductor crystals.
Consequently, in the case of an array in which radiations of high dose
rates are measured.  type radiation detecting apparatus for use in
radiogra- Such a detector is, for example, disclosed in US-A-3  10 phy,
variations in detection sensitivity occur among the 569 704.
pixels, which produce an image having an irreparable ir- regularity. (2)
Description of the Related Art SUMMARY OF THE INVENTION Conventionally, as,
for example, shown in MATERI- 15 ALS LETTERS, vol. 3 no. 516, April 1985,
AMSTER-       The present invention has been made with a view to DAM, NL,
pages 219-221; K. MOCHIZUKI ET AL:        eliminating the disadvantage of
the priorart noted above. "Growth of In-doped CdTe and its application for
[err] ray  The object of the present invention, therefore, is to pro-
detector' this type of radiation detector includes a radi-  vide an
improved radiation detector free from output re- ation detecting element
formed of a compound semicon- 20 ductions at a time of high dose incidence
despite the use ductor having large band gaps, such as GaAs, CdTe and  of a
compound semiconductor having numerous de- Hgl2. The radiation detecting
element used in obtaining  fects. radiographic images, generally, includes
a plurality of  The above object is fulfilled, according tothe present
signal fetching electrodes formed on one surface of a  invention, by a
radiation detector as defined according compound semiconductor substrate
and corresponding  25 to claim 1. to respective pixels, and a common bias
electrode      The radiation detecting element has a bias electrode formed
on the other surface thereof.               on one surface of a compound
semiconductor and one When a reverse bias is applied to the bias electrode
or more signal fetching electrodes formed on the other of such a radiation
detecting element, and photons of a  surface thereof. The radiation
detecting element having radiation such as X-rays impinge on the
semiconductor, 30 a plurality of signal fetching electrodes may be a
one-di- carriers (electrons and holes) corresponding in energy  mensional
array type radiation detecting element with to the incident photons are
formed in the semiconductor.    the signal fetching electrodes arranged in
a row, or a Charge pulses are generated as a result of movement
two-dimensional array type radiation detecting element of these electrons
and holes tothe respective electrodes.  with the signal fetching electrodes
arranged in two-di- The number of these charge pulses is counted for each
35 mensional directions. The one-dimensional and two di- pixel to obtain a
radiographic image which is a count dis-  mensional array type radiation
detecting elements are tribution image of the incident photons of the
radiation.  used mainly in radiography. With the compound semiconductor
noted above, it    The heater for heating the radiation detecting ele- is
difficult to promote growth of high-resistance crystals  ment is not
limitedto any particulartype, and may employ for use as a radiation
detecting element. Only crystals  40 resistance heating, infrared heating
or electromagnetic having numerous defects are available today.
induction heating. Where the radiation detecting element These defects act
as centers fortrapping the carriers  includes a plurality of signal
fetching electrodes, i.e. a formed in the radiation detecting element by
incident  plurality of pixels, each pixel need not be heated inde- photons
of a radiation. The defects having long time [err]  pendently of the other.
The radiation detecting element for which carriers remain trapped, reduce
effective car- 45 may be divided into a plurality of blocks to be heated
in- rier mobility [err] as expressed by equation (1) below, or  dependently
of one another. Alternatively, the entire ra- act as scattering centers
within the semiconductor crys-  diation detecting element may be heated by
a single tals. This causes a reduction of output at a time of high  heater.
In either case, the heater should desirably be dose radiation, as indicated
by a curve (a) in Fig. 1.  controlled to provide a temperature suited to
compen- 50 sate for the output reductions occurring when a high [err]
dose radiation impinges on the radiation detecting ele- The present
invention has functions as set out be- In the above equation, [err] is the
intrinsic mobility of  low. carriers, and [err] is a time taken before free
carriers are  55  A ratio N/NT between concentration N of free carri-
trapped (i.e. trapping time).                       ers not trapped in the
compound semiconductor and In Fig. 1, reference (b) denotes a logic line
disregard-  concentration [err] of trapped carriers is expressed by the ing
double counting, and reference (c) a characteristic  following equation (2)
based on the principle of detailed 2    
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Fig. 1 is a characteristic view illustrating a disadvan- tage of the prior
art, [err]                          Fig. 2 is a schematic view of a
radiation detector in a first embodiment of the present invention, Further,
the ratio N/NT is expressed also by the fol-  5  Fig. 3 is a perspective
view of an array type radiation lowing equation (3) based on the
semiconductor band    detecting apparatus formed of radiation detectors in
theory:                                               the first embodiment,
Fig. 4 is an enlarged side view of part of the array [err]
(3)         type radiation detecting apparatus shown in Fig. 3, 10 10  Fig.
5 is a characteristic view of pixels in the array In the above equation
(3), [err] is a state density of  type radiation detecting apparatus with
radiation the compound semiconductor, ND is a state density of   detecting
elements in a room temperature condition, the trap level, ED is a potential
energy of the trap level,  Fig. 6 is acharacteristic viewof the pixels
inthearray k is Boltzmann's constant, and T is an absolute temper-  type
radiation detecting apparatus with the radiation ature.
15      detecting elements in a heated condition, From the equations (2)
and (3), time [err] for which  Fig. 7 is a perspective view of a modified
array type carriers remain trapped is expressed by the following  radiation
detecting apparatus, equation (4):
Fig. 8 is a schematic view of a radiation detector in [err]
a second embodiment of the present invention, [err]          (4) 20
Figs. 9A and 9B are views illustrating functions of [err]
the second embodiment, and It has been confirmed empirically that, compared
Figs. 1OA and 1OB are characteristic views showing with [err], trapping
time [err] hardly changes at or around  a case of emitting infrared rays to
the radiation room temperature. Thus, it is seen from the equation (4)
detector, and a case of emitting no infrared rays. that [err] is variable
with an exponential function of inverse  25 of temperature T. That is, the
time [err] of trapped state  DESCRIPTION OF THE PREFERRED decreases rapidly
with an increase in temperature T,  EMBODIMENTS thereby increasing the
effective mobility [err] of the carriers (see equation (1) set out
hereinbefore). Consequently,  Preferred embodiments of the present
invention will the carriers trapped bythe defects in the compound sem- 30
be described in detail hereinafter with reference to the iconductorare
released quicklyand reach the electrodes  drawings. of the radiation
detecting element. The present invention utilizes the above principle,
First Embodiment and increases the effective carrier mobility by heating
the radiation detecting element, thereby to avoid output re- 35  Fig. 2 is
a schematic side view of a radiation detector ductions occurring at a time
of high dose incidence.  embodying the present invention. In Fig. 2,
reference 1 In a further aspect of the present invention, a radia-  denotes
a radiation detecting element, reference 2 a sig- tion detectorfor
detecting radiation comprises a radiation  nal processing circuit,
reference 3 a heater, and refer- detecting element formed of a compound
semiconduc-  ence 4 a printed board. The radiation detecting element tor,
and a light source for emitting into the compound  40  1 is formed of a
compound semiconductor such as GaAs, semiconductor infrared rays having an
energy smaller  CdTe or [err]. A bias electrode is formed on an upper than
energy of a band gap of the compound semicon-  surface of the compound
semiconductor, while a signal ductor and greater than a trap level present
in the com-  fetching electrode is formed on a lower surface thereof. pound
semiconductor.                               The respective electrodes are
electrically connected in With the energy of infrared rays set as above,
the  45 an appropriate way to wiring formed on the printed board carriers
trapped by the defects in the compound semi-  4. conductor are excited to
return to the conduction band,  The signal processing circuit 2 is formed
of an inte- and move through the semiconductor crystals to be col-  grated
circuit, for example, which includes a circuit for lected by the
electrodes.                          amplifying and wave-shaping charge
pulses output from 50 the signal fetching electrode of the radiation
detecting BRIEF DESCRIPTION OF THE DRAWINGS                  element 1.
Pulses output from the signal processing cir- cuit 2 are applied to a pulse
counting circuit not shown. For the purpose of illustrating the invention,
there  The heater 3 for heating the radiation detecting ele- are shown in
the drawings several forms which are pres-  ment 1 is a sheet-like heater
of a thin nichrome wire laid ently preferred, it being understood, however,
that the  55 in a waveform. This heater 3 is applied to a back surface
invention is not limited to the precise arrangements and  of the printed
board 4 opposite the radiation detecting instrumentalities shown.
element 1, to heat the radiation detecting element 1 through the printed
board 4. A thermocouple, not shown, 3   



5                 EP0473125B1                      6 is interposed between
the heater 3 and printed board 4.  The present invention is applicable also
to a large The radiation detecting element 1 is heated to a suitable  scale
radiation detecting apparatus having array type ra- temperature under
control of this thermocouple, to com-  diation detecting apparatus as shown
in Fig. 7 arranged pensate for a reduction in the output of the radiation
de-    in matrix form. tecting element 1 occurring with a high dose
incidence.  5  In the embodiment described above, the radiation Preferably,
the radiation detecting element 1 is heated  detecting element 1 includes a
single signal fetching to a temperature on the order of 40 to [err]. If the
tem-  electrode to provide a single pixel. However, the present perature is
too low, the carriers trapped in the compound  invention is not limited to
this construction. The radiation semiconductor cannot be excited
sufficiently. Converse-  detecting element 1 may be an array type radiation
de- ly, an excessively high temperature could result in the  10 tecting
element having a plurality of pixels arranged inconvenience of increasing
leak current.          one-dimensionally or two-dimensionally. In this
case, the An array type radiation detecting apparatus formed  heater 3 need
not be provided for each pixel, but may be of radiation detectors as above
will be described next.  provided for each element or for a plurality of
elements. Referring to Fig. 3, this array type radiation detecting ap-  As
long as the elements are heated to an appropriate paratus includes
radiation detectors as shown in Fig. 2  15 temperature range, little
increase of leak current will oc- arranged on a plurality of planes with
the radiation de-  cur for the pixels having normal output characteristics,
tecting elements 1 forming a row on each plane. Each  and a compensation
for output reductions may be made row of the radiation detecting elements 1
is displaced  only for the pixels undergoing the output reductions at a
from an adjacent row to form a stepped assembly as  time of high dose
incidence. shown in Fig. 4.                               20 Variations in
sensitivity among the radiation detect-  Second Embodiment ing elements 1
of the array type radiation detecting ap- paratus are compensated for in
the following way. First,  Fig. 8 is a sectional side view showing an
outline of the number of charge pulses output from each radiation  a
radiation detector in a second embodiment of the detecting element 1 is
counted while varying incident 25 present invention. amount of radiated
photons with the radiation detecting  As in the first embodiment, a
radiation detecting el- elements 1 maintained in an unheated condition
(room  ement 1 is formed of a compound semiconductor. This temperature).
element 1 is an array type radiation detecting element Fig. 5 shows output
characteristics of respective pix-  having a plurality of pixels arranged
one-dimensionally els corresponding to the radiation detecting elements 1
30 or two-dimensionally. The radiation detecting element 1 obtained from
the above measurement. Output reduc-  is mounted on a printed board 4 by
the flip chip method, tions have occurred in the pixels marked with an
asterisk  for example. The printed board 4 also carries a signal (*). The
radiation detecting elements 1 providing the out-  processing circuit 2 as
in the first embodiment. put reductions are appropriately heated by the
associat-  The printed board 4 having the radiation detecting ed heaters 3
to compensate for the output reductions. 35 element 1 and signal processing
circuit 2 as above is Consequently, as shown in Fig. 6, similar outputs are
ob-  contained in a casing 6. A radiation such as of X-rays tainedforthe
pixels, diminishingthe sensitivityvariations  impinges on the radiation
detecting element 1 through a in the array type radiation detecting
apparatus.   window 6a of the casing 6. The window 6a is formed of In the
foregoing embodiment, the heater 3 is op-  a thin aluminum plate or the
like penetrable by radiation. posed to the radiation detecting element 1
across the  40  This embodimenthasa characterizing feature in that printed
board 4. However, the position of the heater 3 is  a light source for
emitting infrared rays, e.g. an infrared not limited to the above example.
The heater 3 may be  laser diode 7, is disposed inside the casing 6 and
adja- provided around the radiation detecting element 1 or any  cent one
side of the radiation detecting element 1 to emit other location as long as
the heater 3 is capable of heat-    infrared rays into the radiation
detecting element 1. This ing the radiation detecting element 1.         45
infrared laser diode 7 outputs an energy smaller than the Fig. 7 shows
another example of array type radiation  band gap energy of CdTe forming
the radiation detecting detecting apparatus. This apparatus includes one
print-  element 1 and greater than a trap level present in CdTe ed board 4
having a plurality of radiation detecting ele-  crystals, e.g. infrared
rays of 0.6 to 1.5eV. If the infrared ments 1 arranged in two-dimensional
directions on one  energy is smaller than the above range, trapped carriers
surface thereof, and a plurality of printed boards 4 at- 50 cannot be
excited sufficiently. Conversely, if the infrared tached at right angles to
a back surface of the above de-  energy is greater than the above range,
carriers in the tecting printed board 4 and each carrying a signal  valence
band are excited at an increased rate by the con- processing circuit 4.
This array type radiation detecting  duction band, thereby causing the
inconvenience of in- apparatus also has heaters 3 opposed to the respective
creased leak current. The infrared rays emitted from the radiation
detecting elements 1 across the printed board  55 infrared laser diode 7
proceed into the CdTe substrate 4. Thus, the sensitivity variations are
diminished by com-    from one side thereof. pensating for output
reductions of the radiation detecting  Functions of this embodiment will be
described next elements 1.                                        with
reference to Figs. 9A and 9B. 4  
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impinges on the radiation detect  made to the appended claims, rather than
to the forego- ing element 1, carriers (electrons and holes) are gener-
ing specification, as indicating the scope of the invention. ated in the
CdTe substrate 1 a of the radiation detecting element 1 in an amount
corresponding to the energy of incident photons. Pulsed charges are
generated with  5  Claims movement of these carriers toward a bias
electrode lb formed on the radiation detecting element 1 or toward  1. A
radiation detector comprising a radiation detecting signal fetching
electrodes 1c. These charge pulses are  element (1) formed of a compound
semiconductor amplified and shaped by the signal processing circuit 2,  (1
a), with a bias electrode (1 b) formed on one sur- and are
thereaftercounted bya pulse counting circuit not  10    face thereof and a
signal fetching electrode (1c) shown. Doses of radiation having entered the
respective  formed on the other surface, said signal fetching pixels of
radiation detecting element 1 are known from  electrode (1c) obtaining
charge pulses induced by the resulting counts.
real-time movement of carriers produced inside said The carriers generated
in the CdTe substrate Ia re-  radiation detecting element (1) by incident
radiation main in the CdTe crystals as trapped by defects or the  15  on
one of said surfaces, said charge pulses being like present in the
crystals. This has heretofore been the  counted to determine a dose of
radiation and further cause of output reductions of the radiation detecting
el-  comprising heating means (3) for heating said radi- ement 1 at a time
of high dose incidence. In this embod-  ation detecting element during
incidence of said iment, infrared rays are emitted from the infrared laser
radiation. diode 7 into the CdTe substrate Ia when a radiation is 20
detected, i.e. when the radiation detecting element 1 is  2. A radiation
detector as claimed in claim 1, wherein in operation. This releases the
carriers trapped in the de-  said radiation detecting element (1) is an
array type fects or the like and allows the carriers to collect at the
radiation detecting element including a plurality of electrodes 1b or 1 c
quickly.                          pixels. When the carriers generated in
the crystals are  25 trapped by the defects or the like, the carriers are
cap-  3. A radiation detector as claimed in claim 1, wherein tured by the
deep level as shown in Fig. 9A. Since this  said heating means (3) is
formed of a sheet-like level is deep, the carriers cannot be released at
temper-  heater disposed on a substrate (4) on which said atures close to
room temperature. However, when the    radiation detecting element is
mounted, said heater infrared rays having an energy exceeding this trap
level 30  (3) and said radiation detecting element (1) being enter the
substrate, the trapped carriers are excited by  opposed to each other
across said substrate (4). the light energy hv (h is Planck's constant, and
v is fre- quency of infrared radiation). Then, as shown in Fig. 9B,  4. A
radiation detector as claimed in claim 1, wherein the carriers return to
the conduction band, move through  the heating means is a light source (7)
for emitting the CdTe crystals, and collect at the electrodes.  35    into
said compound semiconductor (1 a) infrared As described above, the infrared
rays emitted into  rays having an energy smaller than energy of a band the
CdTe substrate Ia cause all the generated carries to  gap of said compound
semiconductor (1a) and be collected by the electrodes. Consequently, a
compen-  greater than a trap level present in said compound sation is made
for the output reductions of the radiation  semiconductor (1a). detecting
element 1 occurring at a time of high dose in- 40 cidence.
5. A radiation detector as claimed in claim 4, wherein In an experiment,
charge pulses were counted using  said light source (7) is an infrared
laser diode. the same radiation detecting element 1 for a case of emit-
ting infrared rays into the CdTe substrate 1a and for a  6. A radiation
detector as claimed in claim 4, wherein case of emitting no infrared rays.
In the absence of in- 45  said light source (7) is an infrared light
emitting frared rays, output reductions were observed at a time  diode. of
high dose incidence as shown in Fig. 10B. Where in- frared rays were
emitted, no output reduction was found in any region as shown in Fig. 1 OA.
It has been confirmed  PatentansprOche that an effective compensation is
made for the output re- 50 ductions occurring in regions of high dose
incidence.  1. Strahlungsdetektor, der ein Strahlungsdetektions- In the
above embodiment, the infrared laser diode 7  element (1) aufweist, das aus
einem Verbindungs- is used as a light source for emitting infrared rays.
In-  halbleiter (1 a) gebildet ist, mit elner auf einer FlAche stead, a
different type of infrared emitting diode or infra-  des Halbleiters
gebildeten Vorspannungselektrode red source may be employed.
55    (1 b) und einer auf der anderen Flache gebildeten The present
invention may be embodied in other      Signalaufnahmeelektrode (1 c),
wobei die Signalauf- specific forms without departing from the essential
at-  nahmeelektrode (1c) Ladungsimpulse erhalt, die tributes thereof and,
accordingly, reference should be  durch Echtzeitbewegung von LadungstrAgem
indu-  
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impinges on the radiation detect-  made to the appended claims, rather than
to the forego- ing element 1, carriers (electrons and holes) are gener-
ing specification, as indicating the scope of the invention. ated in the
CdTe substrate 1 a of the radiation detecting element 1 in an amount
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innerhalb des Strahlungsdetekti-  est un e6lment detecteur de rayonnement
du type a onselements (1) durch auf Bine der Flachen einfal-  groupernent
comprenant une pluralit6 d'e6lments lende Strahlung erzeugt werden, und
wobei die     d'image. Ladungsimpulse gezahit werden, um eine Strah-
lungsdosis zu bestimmen, und der ferner Heizmittel  5  3. Detecteur de
rayonnement selon la revendication 1, (3) aufweist, um das
Strahlungsdetektionselement  dans lequel lesdits moyens de chauffage (3)
sont wahrend des Einfalls der Strahlung zu erwdrmen.   formms d'un element
chauffant en forme de feuille dispose sur un substrat (4) sur loqual ledit
el6ment 2. Strahlungsdetektor nach Anspruch 1, bei dem das    d6tecteur de
rayonnement est monte, ledit 6l6ments Strahlungsdetektionselement (1) ein
Matrix-Strah-  10    chauffant (3) et ledit 6l6ment detecteur de rayonne-
lungsdetektionselement ist, das eine Vielzahl von  ment (1) 6tant opposes
P'un & l'autre de part et Pixeln aufweist
d'autre dudit substrat (4). 3. Strahlungsdetektor nach Anspruch 1, bei dem
die  4. Detecteur de rayonnement selon la revendication 1, Heizmiltel (3)
aus einer schichtartigen Heizvorrich-  15    dans loquel les moyens de
chauffage sont une tung gebildet sind, die auf einem Trager (4) ange-
source de lumibre (7) pour 6mettre dans ledit corn- ordnet ist, auf dem das
Strahlungsdetektionsele-  pose semiconducteur (ia) des rayons infrarouges
ment befestigt ist, wobei die Heizvorrichtung (3) und  ayant une energie
plus faible que l'energie de la das Strahlungsdetektionselement (1) sich
einander  bande interdite dudit compose semiconducteur (la)
gegenfberliegend an dem Trager (4) befinden.    20  et sup6rieure & un
niveau de piegeage present dans ledit compose6 semiconducteur (la). 4.
Strahlungsdetektor nach Anspruch 1, bei dern die Heizmittel eine
Lichtquelle (7) zurn Aussenden von  5. D6tecteur de rayonnement selon la
revendication 4, Infrarotstrahlen in den Verbindungshalbleiter (la)  dans
lequel ladite source de lumiere (7) est une sind, wobei die Strahlen eine
Energie haben, die 25  diode laser infrarouge. kleiner ist als die Energie
eines Bandabstands des Verbindungshalbleiters (1a) und grol3er als ein in
6. D6tecteur de rayonnement selon la revendication 4, dem
Verbindungshalbleiter (la) vorhandenes Ein-   dans lequel ladite source de
lumiere (7) est une fangniveau.                                       diode
lumineuse infrarouge. 30 S. Strahlungsdetektor nach Anspruch 4, bei dem die
Lichtquelle (7) eine Infrarotlaserdiode ist. 6. Strahlungsdetektor nach
Anspruch 4, bei dem die Lichtquelle (7) eine lnfrarotlicht aussendende
Diode 35 ist. Revendlcations 40 1. D6tecteur de rayonnement, comprenant un
6lement detecteur de rayonnement (1) forme d'un compos6 semiconducteur (la)
avec une electrode de polari- sation (1 b) formee sur une surface de
celui-ci et une electrode de captage de signal (1c) formee sur 45 l'autre
surface, ladite 6lectrode de captage de signal (1 c) recevant des
impulsions de charge induite par le mouvement en temps r6el des porteurs
produits & l'int6rieur dudit element detecteurde rayonnement (1) par le
rayonnement incident sur une desdites  50 surfaces, lesdites impulsions de
charge etant comp- tees pour determiner une dose de rayonnement, et
comprenant en outre des moyens de chauffage (3) pour chauffer ledit element
detecteur de rayonne- ment pendant l'incidence desdits rayonnements.   ss
2. D6tecteur de rayonnement selon la revendication 1, dans lequel ledit
element detecteur de rayonnement 6    


