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(57) ABSTRACT

A diode and a transistor are connected in parallel. The
transistor is located on a first doped region forming a PN
junction of the diode with a second doped region located
under the first region. The circuit functions as an ionizing
radiation detection cell by generating a current through the
PN junction which changes by a voltage generated across
the transistor. This change in voltage is compared to a
threshold to detect the ionizing radiation.
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IONIZING RADIATION DETECTOR

PRIORITY CLAIM

[0001] This application claims the priority benefit of
French Application for Patent No. 1871486, filed on Nov.
12, 2018, the content of which is hereby incorporated by
reference in its entirety to the maximum extent allowable by
law.

TECHNICAL FIELD

[0002] The present disclosure generally concerns elec-
tronic devices, particularly integrated circuits, and in par-
ticular an ionizing radiation detector.

BACKGROUND

[0003] Certain integrated circuits are enabled to detect
ionizing radiations. lonizing radiations are generally formed
of, or originate from, high-energy particles, that is, particles
having an energy greater than a few eV, for example, greater
than approximately 13 eV, most often greater than 1 keV, or
even greater than 1 MeV. Such particles are typically pro-
tons, neutrons, or alpha particles.

[0004] There is a need in the art for an ionizing radiation
detector that addresses known disadvantages of prior art
detector circuits

SUMMARY

[0005] An embodiment provides a device comprising a
diode and a transistor connected in parallel, the transistor
being located on a first region forming a PN junction of the
diode with a second region located under the first region.
[0006] According to an embodiment, the transistor is
located on an electrically-insulating layer covering the first
region.

[0007] According to an embodiment, the transistor com-
prises a channel region and two drain/source regions located
on either side of the channel region, the channel region and
the drain/source regions being on top of and in contact with
the electrically-insulating layer.

[0008] According to an embodiment, the transistor has an
N channel and the first region is N-type doped.

[0009] According to an embodiment, the device comprises
a semiconductor substrate having a portion defining the
second region, and a doped well having a portion defining
the first region.

[0010] According to an embodiment, said well comprises
a portion extending outside of the location vertically in line
with the transistor.

[0011] An embodiment provides a detector of ionizing
radiations comprising one or a plurality of devices such as
defined hereabove.

[0012] According to an embodiment, the diode of one of
said devices is coupled to a gate of the transistor of another
one of said devices.

[0013] According to an embodiment, each of said devices
comprises an inverter comprising one of said transistors.
[0014] According to an embodiment, said inverters are
coupled in series.

[0015] An embodiment provides a method of detection of
an ionizing radiation, comprising using a device such as
defined hereabove.
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[0016] According to an embodiment, the method com-
prises the generation of a current through the PN junction by
the ionizing radiation.

[0017] According to an embodiment, the method com-
prises comparing a voltage across the transistor with a
threshold.

[0018] According to an embodiment, said comparison
comprises using another device such as defined hereabove.

[0019] According to an embodiment, the transistor of said
other device is controlled by said voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings, in which:

[0021] FIGS. 1A and 1B show a simplified cross-section
view and a circuit diagram, respectively, of an embodiment
of an ionizing radiation detection cell; and

[0022] FIG. 2 partially and schematically shows an
embodiment of an ionizing radiation detector.

DETAILED DESCRIPTION

[0023] The same elements have been designated with the
same reference numerals in the different drawings. In par-
ticular, the structural and/or functional elements common to
the different embodiments may be designated with the same
reference numerals and may have identical structural,
dimensional, and material properties.

[0024] For clarity, only those steps and elements which are
useful to the understanding of the described embodiments
have been shown and are detailed. In particular, circuits of
application of a logic level and of detection of a temporary
logic level change are not detailed, the described embodi-
ments being compatible with usual logic circuits of appli-
cation of a logic level and of detection of a temporary logic
level change. Further, the methods of forming back-gate
transistor structures and connections between the transistors,
are not described in detail, the described embodiments being
compatible with usual methods of forming such structures
and connections.

[0025] Throughout the present disclosure, the term “con-
nected” is used to designate a direct electrical connection
between circuit elements with no intermediate elements
other than conductors, whereas the term “coupled” is used to
designate an electrical connection between circuit elements
that may be direct, or may be via one or more other elements.

[0026] Unless otherwise specified, when reference is made
to identical elements, this means identical to within the
accuracy of their manufacturing method.

[0027] In the present description, when reference is made
to terms qualifying absolute positions, such as terms “top”,
“bottom”, “left”, “right”, etc., or relative positions, such as
terms “above”, “under”, “upper”, “lower”, etc., or to terms
qualifying directions, such as terms “horizontal”, “vertical”,
etc., unless otherwise specified, it is referred to the orienta-

tion of the drawings.

[0028] The terms “about”, “substantially”, “approxi-
mately”, and “in the order of” are used herein to designate
a tolerance of plus or minus 10%, preferably of plus or
minus 5%, of the value in question.
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[0029] FIGS. 1A and 1B show a simplified cross-section
view and a diagram, respectively, of an ionizing radiation
detection cell 100.

[0030] Preferably, cell 100 is comprised within an ionizing
radiation detector. The detector comprises the cell 100 or,
preferably, a plurality of the cells 100. Cells 100 are then
preferably similar or identical. The detector is, for example,
used for ionizing radiations of spatial origin, typically in a
satellite, particularly in a communication satellite such as a
satellite used for the Internet.

[0031] Preferably, the detector is comprised within an
electronic integrated circuit chip. The electronic chip com-
prises a semiconductor substrate 102, preferably made of
silicon, for example, P-type doped. Cell 100 is then prefer-
ably at least partly formed inside and on top of a front
surface (upper surface) of substrate 102.

[0032] As an example, the electronic chip is of SOC type
(“System on Chip”). SOC-type chips are particularly used in
embedded or mobile applications, in particular in transport
or spatial applications. A SOC-type chip typically comprises
a sequential data processing unit, for example, of micropro-
cessor type, and various peripherals such as memories
and/or interfaces of digital communication with the outside
of the chip.

[0033] Cell 100 comprises a doped region 104 defined by
a well, for example, N-type doped, located on the front
surface side of substrate 102. Preferably, region 104 is at
least partly located under an electrically-insulating layer
106, for example, made of silicon oxide. Layer 106 is
preferably in contact with region 104. A portion of semi-
conductor layer 108, for example, made of silicon, is located
vertically in line with region 104. Preferably, semiconductor
layer 108 covers insulating layer 106. Cell 100 then pref-
erably results from a manufacturing method based on a
structure of SOI type (“Semiconductor On Insulator”), that
is, a structure comprising substrate 102, the insulating layer
106 covering substrate 102, and semiconductor layer 108 on
insulating layer 106.

[0034] A transistor 110 is located inside and on top of
semiconductor layer 108. As an example, transistor 110
comprises a channel region 112, drain/source regions 114
and 115 on either side of channel region 112, and an
insulated gate 116 arranged on channel region 112. Gate 116
corresponds to a transistor control node G. Regions 114 and
115 are preferably in contact with insulating layer 106. As an
example, regions 114 and 115 are doped with the same
conductivity type as well 104 (here, type N). Channel region
112 is then, for example, P-type doped. Regions 114 and 115
preferably have high doping levels (N+), for example,
greater than that of region 104.

[0035] Cell 100 preferably comprises an area 120 of
contact with region 104. Preferably, region 104 then defines
a back gate 129 (FIG. 1B) of transistor 110. Contacting area
120 preferably comprises an area more heavily doped (N+)
than region 104. Preferably, contacting area 120 is located
on top of and in contact with an extension 122 of region 104
which extends outside of the location vertically in line with
transistor 110.

[0036] The cell further preferably comprises an area of
contact 124 with substrate 102. Contacting area 124 pref-
erably comprises an area more heavily-doped (P+) than
substrate 102.

[0037] Transistor 110 and contacting areas 120 and 124
are preferably delimited and separated by insulating trenches
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126, for example, of STI (“Shallow Trench Isolation”) type.
Preferably, the insulating trenches surround contacting area
120 and transistor 110. Insulating trenches 126 extend from
the front surface to a level located in region 104. Preferably,
insulating trenches 126 extend all the way to a level located
under the lower level of layer 106.

[0038] Doped region 104 forms with the substrate region
located under it a PN junction 128 of a diode 130 (FIG. 1B).
Diode 130 has electrodes defined by regions 102 and 104.
The diode has terminals defined by contacting areas 120 and
124. PN junction 128 extends horizontally under transistor
110. The channel region 112 of transistor 110 is entirely
located vertically in line with PN junction 128. Preferably,
drain/source regions 114 and 115 are entirely located verti-
cally in line with PN junction 128.

[0039] Drain/source region 114 of transistor 110 is
coupled to region 104, preferably connected to contacting
area 120, by an electrically-conductive connection 132, for
example, metallic. The drain/source region 115 of transistor
110 is coupled to substrate 102, preferably connected to
contacting area 124, by an electrically-conductive connec-
tion 134, for example, metallic. Transistor 110 and diode 130
are thus electrically connected in parallel. Connection 132
couples, preferably connects, contacting area 120 and region
114 to a node 136. As an example, connection 134 couples,
preferably connects, contacting area 124 and region 115 to
a node of application of a reference potential GND such as
the ground.

[0040] As an example, the chip comprises, in addition to
cell(s) 100, structures identical or similar to that formed by
the elements of cell 100 other than connections 132 and 134.
In this example, each of these structures corresponds to a
transistor (here, of N-channel MOS type) comprising a back
gate. Preferably, contacting area 124 is common to a plu-
rality of such back-gate transistors. Contacting area 120 and
region 104 are, for example, common to a plurality of the
back-gate transistors. The chip further comprises electri-
cally-conductive connections between the back-gate transis-
tors.

[0041] Cell(s) 100 may then be formed at the same time
and with same manufacturing steps as the back-gate tran-
sistors and the connections between the transistors. This
enables to obtain cells 100 without adding a step to the
manufacturing of the back-gate transistors and of the con-
nections between the transistors. Further, such a manufac-
turing may be implemented from a SOI-type structure.

[0042] Due to the fact that PN junction 128 is located
under the transistor, cell 100 occupies a surface area of the
chip smaller than that of an ionizing radiation detection cell
which would comprise a diode and a transistor located in
different locations (for example, laterally adjacent to each
other).

[0043] In operation, node 102 is preferably coupled to a
node of application of a positive potential by a resistive
element, not shown in FIG. 1, for example, a P-channel
MOS transistor. A particle of an ionizing radiation crossing
the transistor is capable of generating a temporary current
flowing from drain region 114 to source region 115. This
causes a temporary decrease in the voltage across transistor
110. This voltage corresponds to the potential of node 136.
The voltage decrease across transistor 110 is, for example,
detected by comparing the value of the potential of node 136
with a threshold. Preferably, the threshold corresponds to a
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potential value located between high and low logic levels.
The passage of the particle in the cell is thus detected.
[0044] Due to the fact that PN junction 128 is located
under transistor 110, the particle thus crosses PN junction
128. This temporarily causes the flowing of a current
through PN junction 128 of N region 104 towards P sub-
strate 102. This current causes an additional decrease of the
potential of node 136. The probability of detecting the
passage of the particle, that is, the detection sensitivity, is
thus increased. Thus, due to the presence of diode 130, cell
100 is more sensitive than a cell comprising only a transistor.
[0045] Further, cell 100 is more sensitive than a cell
comprising a diode and deprived of a transistor on the diode.
This is due to the fact that, in cell 100, the effect on the
potential of node 136 of the current in transistor 110 adds to
the effect of the current in diode 130.

[0046] Further, in the shown example where cell 100 is
obtained from an SOI-type structure, semiconductor layer
108 has a thickness, for example, smaller than approxi-
mately 25 nm, preferably in the order of 7 nm. In PN
junction 128, the current caused by the particle originates
from charges generated on either side of PN junction 128 in
a region having a thickness greater than that of layer 108.
The ionizing radiation detection volume is thus higher in cell
100 than in a cell comprising only a transistor inside and on
top of an SOIl-type structure. Thus, the cell is much more
sensitive, for example, more than 100 times more sensitive,
or even more than 500 times more sensitive, than a cell
comprising only a transistor inside and on top of an SOI-type
structure.

[0047] Further, an ionizing radiation particle may cause a
current temporarily flowing from extension 122 of region
104 to substrate 102. Thus, extension 122 contributes to the
sensitivity of cell 100. Cell 100 is thus particularly sensitive.
[0048] As an example, the transistor gate has a width in
the range from 10 nm to 200 nm. Insulating layer 106 has a
thickness, for example, in the range from 10 nm to 300 nm.
The height of the portion of region 104 located under layer
106 is, for example, in the range from 0.5 pm to 5 pm.
[0049] FIG. 2 partially and schematically shows an ion-
izing radiation detector 200.

[0050] The detector comprises a plurality of inverters 205,
205E coupled, preferably connected, in series. Although
three inverters are shown, the detector may comprise any
number of inverters, for example, more than ten inverters,
preferably more than 100 inverters, or even more than 1,000
inverters.

[0051] Each inverter 205, 205E comprises a cell 100
described in relation with FIG. 1. Preferably, contacting area
124 is common to a plurality of cells 205, 205E. Contacting
area 120 and region 104 are, for example, common to a
plurality of cells 205, 205E.

[0052] In each inverter 205, 205E, node 136 of cell 100 is
coupled by a resistive element to a node of application of a
positive potential VDD. The resistive element is preferably
a P-channel field-effect transistor 210. In each inverter 205,
205E, the gates of transistor 210 and of transistor 110 are
coupled, preferably connected, together to an input node 220
of the inverter. In each inverter 205, 205E, node 136 forms
an output node of the inverter. The output of each inverter
205 of the series association other than the last inverter 205E
of the series association is coupled to the input of the next
inverter 205. The output of the last inverter 205E of the
series association is coupled to a circuit 215 of detection of
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a temporary change of logic level. The input node 220 of the
first inverter 205 of the series association is coupled to a
circuit 230 supplying on this node a logic level, for example,
a low logic level.

[0053] In operation, when an ionizing radiation particle
crosses one of cells 100, the potential of node 136 of this
cell, for example, temporarily decreases. When the potential
is smaller than a threshold value defined by the threshold
voltages of transistors 210 and 110 of the next cell, the logic
level of the next cell changes. The temporary change of logic
level is transmitted by series-connected inverters 205 all the
way to circuit 215, which detects the logic level change. The
passage of the particle is thus detected. An average detection
frequency, corresponding to an intensity of the ionizing
radiation, may then, for example, be counted.

[0054] Due to the fact that transistor 110 of each cell 100
is controlled by the output potential of the previous cell, the
series association of cells 100 transmits all the way to circuit
215 a change of logic level of any of cells 100. A change of
logic level of any of a plurality of detection cells might be
transmitted to a detection circuit over connections coupling
the cells independently from one another to the detection
circuit. However, the forming of the series association of
cells 100 of detection 200 is simpler than the forming of
such independent connections.

[0055] Preferably, the inverters are similar or identical.
The detector can thus be particularly simply designed and
formed.

[0056] As avariation, inverters 205, 205E of detection 200
may be replaced with any logic circuit capable of transmit-
ting to an output a change of logic level on an input, the logic
circuit comprising at least one cell 100 configured to change
the logic level of the output when cell 100 detects an
ionizing radiation particle. Such a circuit may in particular
be a NOR logic gate.

[0057] Various embodiments and variations have been
described. It will be understood by those skilled in the art
that certain features of these various embodiments and
variations may be combined, and other variations will occur
to those skilled in the art. In particular, in the above
described embodiments, the N and P conductivity types and
the high and low potentials, in particular potentials VDD and
GND, may be exchanged.

[0058] Finally, the practical implementation of the
described embodiments and variations is within the abilities
of those skilled in the art based on the functional indications
given hereabove.

1. A device, comprising:

a diode and a transistor connected in parallel and config-

ured to detect an ionizing radiation;

wherein the transistor is located in and on a semiconduc-

tor layer positioned over and electrically insulated from
a first doped region in contact with a second doped
region that is located under the first doped region to
form a PN junction of the diode.

2. The device of claim 1, further comprising an electri-
cally-insulating layer positioned between the semiconductor
layer which includes a channel region of the transistor and
the first doped region.

3. The device of claim 2, wherein the semiconductor layer
further comprises a drain region of the transistor on one side
of'the channel region and a source region of the transistor on
an opposite side of the channel region, and wherein the
electrically insulating layer is positioned between the first
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doped region and the semiconductor layer within which the
channel region, source region and drain region are located.

4. The device of claim 3, wherein the semiconductor layer
is an upper layer of a semiconductor on insulator (SOI)
substrate and wherein the first doped region and second
doped region are located with a support layer of the SOI
substrate.

5. The device of claim 2, wherein the first doped region
forms a back gate of the transistor.

6. The device of claim 2, wherein the PN junction extends
parallel to an upper surface of the semiconductor layer.

7. The device of claim 1, wherein the transistor has an N
channel and the first doped region is N-type doped.

8. The device of claim 1, further comprising a semicon-
ductor support substrate including a portion defining the
second region, and a doped well defining the first region.

9. The device of claim 8, wherein said doped well
comprises a vertically extending portion from the doped
well which is laterally insulated from the semiconductor
layer.

10. The device of claim 8, wherein a first region of the
doped well forms a back gate of the transistor.

11. The device of claim 8, wherein the PN junction
extends parallel to an upper surface of the semiconductor
layer.

12. The device of claim 1, wherein the PN junction
responds to the ionizing radiation by generating a current.

13. The device of claim 12, further comprising a circuit
configured to compare a threshold voltage against a voltage
generated across the transistor in response to the current.

14. The device of claim 13, wherein the circuit configured
to compare comprises a further transistor having a gate
controlled by said voltage.
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15. An ionizing radiation detector, comprising:

at least one device, wherein the device comprises:

a diode and a transistor connected in parallel and
configured to generate a current in response to ion-
izing radiation;

wherein the transistor is located over and insulated
from a first doped region that is in contact with a
second doped region located under the first doped
region to form a PN junction of the diode.

16. The detector of claim 15, wherein said at least one
device is a plurality of devices and wherein the diode of one
of the plurality of devices is coupled to a gate of the
transistor of another one of the plurality of devices.

17. The detector of claim 16, wherein each device is a
component of an inverter circuit having a first transistor and
second transistor coupled in series, with said transistor
comprising one of the first and second transistors.

18. The detector of claim 17, each inverter is coupled in
series another inverter.

19. The detector of claim 15, wherein the current is
generated through the PN junction in response to the ion-
izing radiation.

20. The detector of claim 19, further comprising a circuit
configured to compare a threshold voltage against a voltage
generated across the transistor in response to the current.

21. The detector of claim 20, wherein the circuit config-
ured to compare comprises a further transistor having a gate
controlled by said voltage.

22. The detector of claim 21, wherein said at least one
device is a plurality of devices, wherein the voltage is
generated by one of said devices and wherein said further
transistor is a transistor of another one of said devices.
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