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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of sem-
iconductor optoelectronic devices, in particular to photo-
detectors with high efficiency of light detection, including
the visible part of the spectrum. Photo-detectors accord-
ing to the invention, namely silicon photoelectric multipli-
ers, can be used in a wide field of applications, which
employ the detection of very weak and fast optical signals
as, for example, industrial and medical tomography, life
science, nuclear, particle and astro-particle physics, etc.
[0002] The document EP 1 755 171 B1 describes a
silicon photoelectric multiplier (SiPM) which is composed
of an array of individual cells. In particular the SiPM com-
prises a silicon substrate and a plurality of cells which
are located on a surface of said substrate in an epitaxial
layer. Each cell comprises an internal individual quench-
ing resistor made of high resistant silicon and located on
top of a silicon oxide layer which covers all cells. Each
cell also comprises a p-n junction near to the upper sur-
face of the cell wherein the uppermost n or p layer of the
p-n junction is electrically connected with the quenching
resistor. In operation each cell is supplied with reverse
bias that exceeds the break-down voltage. When a pho-
ton is absorbed in the cell, a Geiger discharge takes
place, wherein the discharge is limited by the quenching
resistor.
[0003] In case of an SiPM device, the cells can be fab-
ricated in the form of a matrix arrangement and a single
read-out pad could in principle be arranged along one of
the side edges of the matrix arrangement, the read-out
pad being electrically connected to each one of the indi-
vidual cells. However, the time delay of individual output
signals and as a result also the time resolution of a large
size SiPM depends on the fact to which part of the SiPM
the photons hit. If they hit close to the read-out pad than
there is almost no delay of the output signal. On the other
hand, if the photons hit the corner that is on large distance
from the read-out pad, than the signal appears with a
non-negligible time delay. In a typical case, a large size
SiPM, e.g. 3 mm x 3 mm or larger, is coupled to a scin-
tillator in a positron emission tomography (PET) applica-
tion, and the entire area of the SiPM is illuminated, its
time resolution is degraded to a significant extent. The
effect is due to parasitic cells capacitances and induct-
ances, which form delay resonance lines. These capac-
itances and inductances delay the partial output signals
to different amounts thus widening the summed output
signal and hence the curve of time resolution.
[0004] WO2008004547 discloses a SiPM with a
number of read-out pads, wherein each one of the read-
out pads is electrically connected to a matrix of 4 3 4
cells. The quenching resistor layer is formed on top of
the layer stack of the SiPM.
[0005] It is therefore an object of the present invention
to provide a silicon-based photoelectric multiplier with

improved time resolution and reduced delay of signals
emanating from the cells of the multiplier.
[0006] This object is solved by the features of claim 1.
Advantageous embodiments are subject of the depend-
ent claims.
[0007] An essential idea of the present invention is to
split the entire area of the silicon-based photoelectric
multiplier into several segments and to provide several
read-out pads in such a way that each segment is asso-
ciated and electrically connected with one read-out pad.
In this way the distances between the cells and their re-
spective associated read-out pads can be reduced so
that time delays resulting from a cells parasitic capaci-
tances and inductances can be reduced accordingly. As
a result the loss in time resolution due to the effects out-
lined above, can be avoided or limited. The skilled person
can always obtain a desired time resolution by arranging
the necessary number of read-out pads. A reasonable
trade-off has to be found between a satisfactory time res-
olution on the one hand and the expenditure of arranging
the necessary number of read-out pads on the other
hand.
[0008] The present invention is thus directed to a sili-
con-based photoelectric multiplier according to inde-
pendent claim 1.
[0009] According to an embodiment, the silicon-based
photoelectric multiplier is arranged to operate in a Geiger
mode or an avalanche mode.
[0010] According to an embodiment, the plurality of
cells is fabricated on one common silicon substrate.
[0011] According to an embodiment, the plurality of
cells is provided in the form of a matrix arrangement.
[0012] According to an embodiment, the read-out pads
are arranged outside the plurality of cells, in particular
along an outer edge surrounding the plurality of cells.
More specifically, the plurality of cells can be arranged
in the form of a rectangle and the read-out pads can be
arranged along one or more of the side edges of the
rectangle.
[0013] According to an embodiment, each one of the
read-out pads is electrically connected with an electrical
line, the electrical line extending from the read-out pad
into the plurality of cells. According to a further embodi-
ment thereof, each one of the electrical lines is electrically
connected with a plurality of electrical wires, and each
one of the electrical wires is electrically connected with
a particular number of cells. According to a further em-
bodiment, the electrical lines are electrically connected
with the cells of exactly one segment, respectively, and
the electrical lines extend along a side edge of the re-
spective segment or through the respective segment, re-
spectively.
[0014] According to an embodiment, in case of a rec-
tangular matrix arrangement of the plurality of cells, the
read-out pads are arranged along two, three or four side
edges of the matrix arrangement. According to an em-
bodiment thereof, the read-out pads are arranged along
four side edges of the matrix arrangement and an equal
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number of read-out pads are arranged along each one
of the four side edges of the matrix arrangement. Accord-
ing to another embodiment, the read-out pads are ar-
ranged along two opposing side edges of the matrix ar-
rangement.
[0015] According to an embodiment, the read-out pads
are arranged in a symmetrical manner, in particular in a
symmetrical manner with respect to a center of the ar-
rangement of cells or with respect to a line extending
through the arrangement of cells.
[0016] According to an embodiment, each cell com-
prises a quenching resistor electrically connected with
one of the read-out pads, in particular via the electrical
wires and the electrical lines.
[0017] According to an embodiment, the quenching re-
sistor is configured as a quenching resistor layer formed
above the second layer, wherein the quenching resistor
layer may comprise or be formed of or consist of polysil-
icon.
[0018] According to an embodiment, in a standard
mode of operation of the photoelectric multiplier the sev-
eral read-out pads and the connected electronics are to
be used each time for one and the same read-out process
or so to say for an "isochronic" read-out.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are included to
provide a further understanding of embodiments and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments and together with
the description serve to explain principles of embodi-
ments. Other embodiments and many of the intended
advantages of embodiments will be readily appreciated
as they become better understood by reference to the
following detailed description.

Fig. 1 shows a schematic top view representation of
a silicon-based photoelectric multiplier according to
an embodiment;

Fig. 2 shows a schematic top view representation of
a silicon-based photoelectric multiplier according to
an embodiment;

Fig. 3 shows a schematic top view representation of
a silicon-based photoelectric multiplier according to
an embodiment;

Fig. 4 shows a schematic top view representation of
a section of a silicon-based photoelectric multiplier
according to an embodiment;

Fig. 5 shows a schematic cross-sectional represen-
tation along A-A of Fig. 4 of the silicon-based pho-
toelectric multiplier according to an embodiment;

Fig. 6 shows a schematic cross-sectional side view

representation of a cell of a silicon-based photoelec-
tric multiplier according to an embodiment; and

Fig. 7 shows a schematic cross-sectional side view
representation of a radiation detector according to
an embodiment;

DETAILED DESCRIPTION OF THE INVENTION

[0020] The aspects and embodiments are now de-
scribed with reference to the drawings, wherein like ref-
erence numerals are generally utilized to refer to like el-
ements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one
or more aspects of the embodiments. It may be evident,
however, to one skilled in the art that one or more aspects
of the embodiments may be practiced with a lesser de-
gree of the specific details. In other instances, known
structures and elements are shown in schematic form in
order to facilitate describing one or more aspects of the
embodiments. The following description is therefore not
to be taken in a limiting sense, and the scope is defined
by the appended claims. It should also be noted that the
representations of the various layers, sheets or sub-
strates in the Figures are not necessarily to scale.
[0021] In the following detailed description, reference
is made to the accompanying drawings, which form a
part thereof, and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such as
"upper", "lower", "left-hand", "right-hand", "front side",
"backside", etc., is used with reference to the orientation
of the Figure(s) being described. Because components
of embodiments can be positioned in a number of differ-
ent orientations, the directional terminology is used for
purposes of illustration and is in no way limiting. It is to
be understood that other embodiments may be utilized
and structural or logical changes may be made without
departing from the scope of the present invention.
[0022] Referring to Fig. 1, there is shown a top view
representation of a silicon-based photoelectric multiplier
according to an embodiment. The device as shown in
Fig. 1 is comprised of a matrix arrangement 100 of a
plurality of cells 1. The matrix arrangement 100 is divided
into four segments 100.2 only one of which is shown in
greater detail, namely the left lower segment. The matrix
arrangement 100 of the device has the form of a rectan-
gle, in particular a square, comprising four side edges
100.1. The device further comprises read-out pads 50
wherein each one of the read-out pads 50 is arranged
along one of the side edges 100.1 at a center position of
the respective side edge 100.1. Each one of the read-
out pads 50 is connected with an electrical line 60, the
electrical line 60 extending into the plurality of cells 1. As
shown in the left lower part of Fig. 1, each one of the
read-out pads 50 is associated with and electrically con-
nected with the cells 1 of one particular segment 100.2.
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The respective electrical line 60 is electrically connected
with a plurality of electrical wires 65 and each one of the
electrical wires 65 is electrically connected with a partic-
ular number of cells 1 along a particular row or column
of the particular segment 100.2. The read-out pads 50
and the electrical lines 60 and the electrical wires 65
serve as power lines for applying a positive or negative
bias voltage to the p-n junctions of the cells 1. At the
same time the electrical lines and wires transmit the elec-
trical response signals generated after illumination of the
device with a pulse of electro-magnetic radiation.
[0023] The further electronic processing can be real-
ized by simply connecting the read-out pads 50 with each
other and then connecting with an electronic circuit for
detecting the electrical signals. Alternatively the read-out
pads 50 may be connected each with an electronic buffer
or repeater and thereafter connecting the outputs of the
buffers or repeaters to supply the summed output to an
electronic circuit.
[0024] Referring to Fig. 2, there is shown a schematic
top view representation of a silicon-based photoelectric
multiplier according to another embodiment. This em-
bodiment shows that the read-out pads 50 can be ar-
ranged in many different ways around the plurality of cells
1. The embodiment of Fig. 2 shows in principle a matrix
arrangement 100 similar to that of Fig. 1. In a similar way
as the embodiment of Fig. 1, the matrix arrangement 100
of Fig. 2 is split up in four segments 100.2. The difference
between the embodiments of Figs. 1 and 2 is the way of
electrically connecting the read-out pads 50 and the elec-
trical lines 60 and the electrical wires 65 with the cells 1
of the respective segment 100.2. Whereas in the embod-
iment of Fig. 1 an electrical line 60 extends along one
side edge of the segment 100.2 with which it is electrically
connected, in the embodiment of Fig. 2 the electrical line
60 extends through the segment 100.2 so that the seg-
ment 100.2 in itself is split up into two halves. This would
allow to even more reduce the distances between the
cells 1 and their associated electrical line 60 and the read-
out pad 50. For simplicity reasons further details such as
those shown in the embodiment of Fig. 1 are not shown
in Fig. 2, for example the electrical wires 65 connected
with the electrical lines 60 for connecting with the indi-
vidual cells 1.
[0025] Referring to Fig. 3, there is shown a schematic
top view representation of a silicon-based photoelectric
multiplier according to another embodiment. This em-
bodiment shows that there is no principle necessity to
arrange the cells 1 of the device in a rectangular or quad-
ratic manner. The embodiment of Fig. 3 shows that it is
in principle also possible to arrange the cells in the form
of a circle. For this particular embodiment three read-out
pads 50 are distributed around the outer circumferential
edge of the arrangement of cells 1 so that each read-out
pad 50 with its associated electrical line 60 serves an
angular segment of 120° of cells 1. Similarly to the em-
bodiment of Fig. 2, each segment 100.2 is divided by the
associated electrical line 60 into two halves so that cells

1 of each one of the two halves are electrically connected
with the respective electrical line 60. Further details are
omitted here and can be provided in a similar manner as
in the previous embodiments, for example electrical wires
65 connected with the electrical lines 60.
[0026] Referring to Fig. 4, there is shown a top view
representation of a section of a silicon-based photoelec-
tric multiplier according to an embodiment. The device
as shown in Fig. 4 is comprised of a plurality of cells 1.
The cells 1 are arranged along rows wherein the cells 1
of one row are laterally displaced with respect to the cells
1 of an adjacent row wherein the displacement can be,
for example, half the length of one side edge of a quad-
ratically shaped cell 1. The device also comprises a plu-
rality of voltage distribution lines 6 which may correspond
with the electrical wires 65 as were shown in the embod-
iments of Figs. 1 to 3. In the section of the device as
shown in Fig. 4 there are shown two voltage distribution
lines 6 which are arranged along outer side edges of two
adjacent rows of cells 1. The quenching resistor layers
5 of each cell 1 of one row extend in the narrow space
between two neighbouring cells 1 of an adjacent row and
are electrically connected with the voltage distribution
line 6 extending along the adjacent row. The voltage dis-
tribution lines 6 can also be made of a well area formed
within the layer 2. In particular the voltage distribution
lines 6 can be formed of well areas having a dopant con-
centration of about 1019 cm-3 or 5 3 1018 cm-3 to 5 3
1019 cm-3 so that they function as conductive wires. Thus,
the fabrication of the voltage distribution lines 6 can be
made part of and embedded within a CMOS fabrication
process.
[0027] Referring to Fig. 5, there is shown a schematic
cross-sectional representation along line A-A of Fig. 4 of
the silicon-based photoelectric multiplier according to an
embodiment.
[0028] The section of the photoelectric multiplier
shown in Fig. 5 includes the right part of one cell 1 shown
on the left side of the drawing and the left part of a further
cell 1 shown on the right side of the drawing and a region
in-between the adjacent cells 1, the region comprising a
quenching resistor layer 5. The photoelectric multiplier
comprises a substrate 21 of a second conductivity type
having a relatively low doping agent concentration and
a buried layer 22 of a first conductivity type which is ob-
tained, for example, by high energy ion implantation. The
substrate 21 and the buried layer 22 form a second n-p
junction at an interface between them. Above the buried
layer 22 the plurality of identical cells 1 is located, wherein
each cell 1 is formed by a first layer 2 and a second layer
3 wherein the first layer 2 is common for all cells 1 and
is contiguous throughout the device. The second layer 3
is formed as a thin layer of second conductivity type and
disposed on top of the first layer 2. The second layer 3
functions as an entrance window of the photoelectric mul-
tiplier. The first layer 2 and the second layer 3 form a first
n-p junction at an interface between them, wherein in
operation a reverse bias voltage is applied to the n-p
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junction to such an extent that the photo-diode operates
in the Geiger mode. The thin strip-like silicon quenching
resistor layers 5 of second conductivity type connect
each cell 1 with one of the voltage distribution lines 6 and
serve as quenching resistors. The voltage distribution
lines 6 are made of second conductivity type silicon layers
having a relatively high doping agent concentration. The
quenching resistor layers 5 are doped to have a resistivity
in the range of 10 to 50 KOhm/square.
[0029] Referring to Fig. 6, there is shown a schematic
cross-sectional side view representation of a silicon-
based photoelectric multiplier according to another em-
bodiment. The device as shown in Fig. 6 is not fabricated
by a CMOS fabrication process. Instead the fabrication
process starts from a light or medium n-doped silicon
substrate 31 on the upper surface of which a heavily
doped p++ layer 32 is generated by, for example, diffu-
sion doping. Thereafter, a light or medium p-doped layer
33 is epitaxially grown onto the second layer 32. Within
the epitaxially grown layer 33 a p-doped layer 34 (first
layer) and a n+ layer 35 (second layer) are embedded
so that they form a first n-p junction in the vicinity of the
surface of the cell. Thereafter, on top of the layer 35 an
insulation layer 36 is deposited which can be fabricated
of a silicon oxide layer. A through-hole is formed in the
insulation layer 36 at one end of it so that later the layer
35 can be electrically contacted. Thereafter, a resistor
layer 37 is deposited on the insulating layer 36 wherein
the resistor layer 37 can be fabricated of undoped or light-
ly doped polysilicon. The resistor layer 37 acts as a
quenching resistor to quench the Geiger discharge.
Thereafter, the resistor layers 37 of the cells 1 are con-
nected with a voltage distribution line 38 which corre-
sponds to one of the electrical wires 65 as were shown
in the embodiments of Figs. 1 to 3.
[0030] Referring to Fig. 7, there is shown a cross-sec-
tional side view representation of a radiation detector ac-
cording to an embodiment. The radiation detector 40 in-
cludes a scintillator 41 that produces a scintillation or
burst of light when a gamma-ray strikes the scintillator
41. The burst of light is received by an array of silicon-
based photoelectric multipliers 42 as described above,
the multipliers being monolithically disposed on a silicon
substrate 43. The material of the scintillator 41 can be
one of LSO, LYSO, MLS, LGSO, LaBr and mixtures
thereof. Also other scintillator materials can be used. The
scintillator 41 can be composed of a single crystal or an
array of crystals. In addition, an optional planar light pipe
44 can be interposed between the scintillator 41 and the
multipliers 42 to improve the transmission of photons of
the light bursts to the multipliers 42.
[0031] Since each one of the multipliers 42 is config-
ured according to the present invention and thus oper-
ates with an improved time resolution, the electronic cir-
cuit connected to the multipliers 42 and thus the radiation
detector 40 is able to detect bursts of light closely followed
one after the other with satisfying time resolution.
[0032] A plurality of radiation detectors 40 as shown in

Fig. 7 can be arranged within a positron emission tom-
ography (PET) imaging system.

Claims

1. A silicon-based photoelectric multiplier, comprising:

a plurality of cells (1), and
a number of read-out pads (50), wherein
the plurality of cells (1) is divided into a number
of segments (100.2), and
each one of the read-out pads (50) is electrically
connected with the cells (1) of at least one seg-
ment (100.2),

- a first layer (2) of a first conductivity type,
- a second layer (3) of a second conductivity
type formed on the first layer (2), wherein
- the first layer (2) and the second layer (3;
35) form a first p-n junction, and
- a quenching resistor (5) electrically con-
nected to the second layer (3), character-
ized by:
- the quenching resistor (5) being config-
ured as a quenching resistor layer (5) of a
second conductivity type formed on the first
layer (2) laterally besides the second layer
(3) and connected to a lateral side face of
the second layer (3).

2. The silicon-based photoelectric multiplier according
to claim 1, further comprising:

each one of the read-out pads (50) being elec-
trically connected with an electrical line (60), the
electrical line (60) extending from the read-out
pad (50) into the plurality of cells (1).

3. The silicon-based photoelectric multiplier according
to claim 2, further comprising:

each one of the electrical lines (60) being elec-
trically connected with a plurality of electrical
wires (65), and each one of the electrical wires
(65) being electrically connected with a particu-
lar number of cells (1).

4. The silicon-based photoelectric multiplier according
to claim 2 or 3, further comprising:

the electrical line (60) being electrically connect-
ed with the cells (1) of exactly one segment
(100.2), and
the electrical line (60) extending along a side
edge of the segment (100.2) or through the seg-
ment (100.2).
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5. The silicon-based photoelectric multiplier according
to one or more of the preceding claims, wherein
the cells (1) are provided in the rectangle, and
the read-out pads (50) are arranged along two, three,
or four side edges (100.1) of the rectangle.

6. The silicon-based photoelectric multiplier according
to claim 5, further comprising:

the read-out pads (50) being arranged along four
side edges (100.1) of the matrix arrangement
(100), and
an equal number of read-out pads (50) being
arranged along each one of the four side edges
(100.1) of the rectangle.

7. The silicon-based photoelectric multiplier according
to claim 5, further comprising:

the read-out pads (50) being arranged along two
opposing side edges (100.1) of the rectangle.

8. The silicon-based photoelectric multiplier according
to one or more of the preceding claims, further com-
prising:

the read-out pads (50) being arranged in a sym-
metrical manner, in particular with respect to a
center of the plurality of cells (1) or with respect
to a line extending through the plurality of cells
(1).

9. The silicon-based photoelectric multiplier according
to one or more of the preceding claims, further com-
prising:

each cell (1) comprising a quenching resistor (5;
37) electrically connected with one of the read-
out pads (50).

Patentansprüche

1. Siliziumbasierter photoelektrischer Multiplikator,
umfassend:

mehrere Zellen (1), und
eine Anzahl von Auslese-Pads (50), wobei
die mehreren Zellen (1) in eine Anzahl von Seg-
menten (100.2) unterteilt sind, und
jedes der Auslese-Pads (50) elektrisch mit den
Zellen (1) wenigstens eines Segments (100.2)
verbunden ist,

- eine erste Schicht (2) von einem ersten
Leitfähigkeitstyp,
- eine zweite Schicht (3) von einem zweiten
Leitfähigkeitstyp, die auf der ersten Schicht

(2) gebildet ist, wobei
- die erste Schicht (2) und die zweite Schicht
(3; 35) einen ersten p-n-Übergang bilden,
und
- einen Löschwiderstand (5), der elektrisch
mit der zweiten Schicht (3) verbunden ist,
dadurch gekennzeichnet, dass:
- der Löschwiderstand (5) als Löschwider-
standsschicht (5) von einem zweiten Leitfä-
higkeitstyp ausgebildet ist, die seitlich ne-
ben der zweiten Schicht (3) auf der ersten
Schicht (2) gebildet ist und mit einer latera-
len Seitenfläche der zweiten Schicht (3) ver-
bunden ist.

2. Siliziumbasierter photoelektrischer Multiplikator
nach Anspruch 1, ferner umfassend, dass:

jedes der Auslese-Pads (50) elektrisch mit einer
elektrischen Leitung (60) verbunden ist, wobei
sich die elektrische Leitung (60) von dem Aus-
lese-Pad (50) in die mehreren Zellen (1) er-
streckt.

3. Siliziumbasierter photoelektrischer Multiplikator
nach Anspruch 2, ferner umfassend, dass:

jede der elektrischen Leitungen (60) elektrisch
mit mehreren elektrischen Drähten (65) verbun-
den ist, und jeder der elektrischen Drähte (65)
elektrisch mit einer bestimmten Anzahl von Zel-
len (1) verbunden ist.

4. Siliziumbasierter photoelektrischer Multiplikator
nach Anspruch 2 oder 3, ferner umfassend, dass:

die elektrische Leitung (60) elektrisch mit den
Zellen (1) genau eines Segments (100.2) ver-
bunden ist, und
sich die elektrische Leitung (60) entlang eines
Seitenrands des Segments (100.2) oder durch
das Segment (100.2) erstreckt.

5. Siliziumbasierter photoelektrischer Multiplikator
nach einem oder mehreren der vorhergehenden An-
sprüche, wobei
die Zellen (1) in dem Rechteck bereitgestellt sind,
und
die Auslese-Pads (50) entlang von zwei, drei oder
vier Seitenrändern (100.1) des Rechtecks angeord-
net sind.

6. Siliziumbasierter photoelektrischer Multiplikator
nach Anspruch 5, ferner umfassend, dass:

die Auslese-Pads (50) entlang von vier Seiten-
rändern (100.1) der Matrixanordnung (100) an-
geordnet sind, und
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entlang eines jeden der vier Seitenränder
(100.1) des Rechtecks eine gleiche Anzahl von
Auslese-Pads (50) angeordnet ist.

7. Siliziumbasierter photoelektrischer Multiplikator
nach Anspruch 5, ferner umfassend, dass:

die Auslese-Pads (50) entlang von zwei entge-
gengesetzten Seitenrändern (100.1) des Recht-
ecks angeordnet sind.

8. Siliziumbasierter photoelektrischer Multiplikator
nach einem oder mehreren der vorhergehenden An-
sprüche, ferner umfassend, dass:

die Auslese-Pads (50) insbesondere in Bezug
auf eine Mitte der mehreren Zellen (1) oder in
Bezug auf eine Linie, die sich durch die mehre-
ren Zellen (1) erstreckt, auf eine symmetrische
Weise angeordnet sind.

9. Siliziumbasierter photoelektrischer Multiplikator
nach einem oder mehreren der vorhergehenden An-
sprüche, ferner umfassend, dass:

jede Zelle (1) einen Löschwiderstand (5; 37) um-
fasst, der elektrisch mit einem der Auslese-Pads
(50) verbunden ist.

Revendications

1. Multiplicateur photoélectrique à base de silicium,
comprenant:

une pluralité de cellules (1), et
un nombre de plots de lecture (50), dans lequel
la pluralité de cellules (1) est divisée en un nom-
bre de segments (100.2), et
chacun de plots de lecture (50) est relié électri-
quement aux cellules (1) d’au moins un segment
(100.2),

- une première couche (2) d’un premier type
de conductivité,
- une deuxième couche (3) d’un deuxième
type de conductivité formée sur la première
couche (2), dans lequel
- la première couche (2) et la deuxième cou-
che (3; 35) forment une première jonction
p-n, et
- une résistance de coupure (5) reliée élec-
triquement à la deuxième couche (3), ca-
ractérisé par:
- la résistance de coupure (5) étant confi-
gurée comme une couche de résistance de
coupure (5) d’un deuxième type de conduc-
tivité formée sur la première couche (2) la-

téralement à côté de la deuxième couche
(3) et reliée à une face latérale de la deuxiè-
me couche (3).

2. Multiplicateur photoélectrique à base de silicium se-
lon la revendication 1, comprenant en outre:

chacun des plots de lecture (50) étant relié élec-
triquement à une ligne électrique (60), la ligne
électrique (60) s’étendant depuis le plot de lec-
ture (50) jusqu’à l’intérieur de la pluralité de cel-
lules (1).

3. Multiplicateur photoélectrique à base de silicium se-
lon la revendication 2, comprenant en outre:

chacune des lignes électriques (60) étant reliée
électriquement à une pluralité de fils électriques
(65), et
chacun des fils électriques (65) étant relié élec-
triquement à un nombre particulier de cellules
(1).

4. Multiplicateur photoélectrique à base de silicium se-
lon la revendication 2 ou 3, comprenant en outre:

la ligne électrique (60) étant reliée électrique-
ment aux cellules (1) d’exactement un segment
(100.2), et
la ligne électrique (60) s’étendant le long d’un
bord latéral du segment (100.2) ou à travers le
segment (100.2).

5. Multiplicateur photoélectrique à base de silicium se-
lon une ou plusieurs des revendications précéden-
tes, dans lequel
les cellules (1) sont disposées dans le rectangle, et
les plots de lecture (50) sont agencés le long de
deux, trois ou quatre bords latéraux (100.1) du rec-
tangle.

6. Multiplicateur photoélectrique à base de silicium se-
lon la revendication 5, comprenant en outre :

les plots de lecture (50) étant agencés le long
de quatre bords latéraux (100.1) de l’agence-
ment de matrice (100), et un nombre égal de
plots de lecture (50) étant agencés le long de
chacun des quatre bords latéraux (100.1) du
rectangle.

7. Multiplicateur photoélectrique à base de silicium se-
lon la revendication 5, comprenant en outre:

les plots de lecture (50) étant agencés le long
de deux bords latéraux opposés (100.1) du rec-
tangle.
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8. Multiplicateur photoélectrique à base de silicium se-
lon une ou plusieurs des revendications précéden-
tes, comprenant en outre:

les plots de lecture (50) étant agencés d’une ma-
nière symétrique, en particulier par rapport à un
centre de la pluralité de cellules (1) ou par rap-
port à une ligne s’étendant à travers la pluralité
de cellules (1).

9. Multiplicateur photoélectrique à base de silicium se-
lon une ou plusieurs des revendications précéden-
tes, comprenant en outre:

chaque cellule (1) comprenant une résistance
de coupure (5; 37) reliée électriquement à un
des plots de lecture (50).
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